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feeoduceee 

The purpose and background of tius 

Home Study Cotise in Television Ser-

vicing, its organization and approach 

and the mailing procedure that will be 

followed are explained briefly in this 

Introduction. Read it carefully before 

you start to read the lessons and do 

the Home Assignments. 

This is a practical, down-to-earth TV home 
study course that explains the theory and prac-
tices needed to do a good job in the daily work 
of installing and servicing television receivers. 
No extensive TV experience is necessary to take 
the course. It is only necessary that you be 
working in radio or television or have previous 
training in this field. A man just starting in die 
television field can learn the business from this 
home study course in TV servicing, and the ex-
perienced serviceman will also find detailed 
explanations of installation practices and trouble-
shooting techniques that will be very useful in 
his work. The purpose of the course is not only 
to help train new men but to make better television 
servicemen. 

The course combines "how to do it" tech-
niques field tested by practical servicemen, with 
"how it works" information planned and written 
by instructors of RCA Institutes, Inc. This highly 
specialized experience has produced a training 
course successfully employed for several years 
in training television technicians. Revised and 

expanded to include information on circuits for 
all the principal types of receivers, the course 
provides training that can be used to supplement 
your work on the job, from antenna installation to 
advanced servicing problems. 

The sequence of the material parallels an 
apprentice's training. The course makes it possible 
for an inexperienced man to learn TV installation 
techniques first and then progress toward the 
problems of the service technician, including 
troubleshooting receivers in the customer's home, 
and bench work. 

BACKGROUND OF THE COURSE 

Development of this course was begun in 1948 
to provide a training program fortelevision service 
apprentices. The course had to be truly practical. 
For more than a year the writers worked side by 
side with apprentices, technicians and field en-
gineers in service shops and on installation jobs. 
From this day-to-day study was obtained the 
knowledge required for a home study course 
directly related to the technician's job assign-
ments. As a result of the continual contact with 
the work in the field, and constant re-editing to 
keep the material up to date, this practical tele-
vision training course has been developed for the 
radio and television industry. 
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Approved by the Department of Education of 
New York State, the course is designed to meet 
the special needs of the television servicing in-
dustry. 

ORGANIZATION OF THE COURSE 

The entire course is presented in ten Units, 
each Unit consisting of several individual lessons. 
The first two lessons give the student in every-
day language an overall picture of what the tele-
vision system does and what is involved in the 
installation and operation of the TV receiver. 
Then the lessons present step-by-step procedures 
for installing antennas and receivers. In addition, 
elementary routine service work that may be 
necessary during an installation is explained. 

Exactly what you must do in an installation, the 
best way to do it, the materials available,andthe tools 
you need are explained in detail. Problems connected 
with satisfying the all-importan customer, who pays 
for the work, are explained concretely as they are 
handled by a large service organization. Not only does 
this give you specific answers to definite problems 
but these procedures, which have been used success-
fully on a national scale, can be carried over and ap-
plied to your own service work, with appropriate 
modifications. 

After a very detailed description of many different 
types ci installation, ircluding special installation 
problems, several lessons are devoted to a review of 
basic electric principles and circuits. This is neces-
sary fa- a fuller understanding of the TV receiver 
circuits described in the later lessons. 

Troubleshooting TV receivers starts with Unit Six 
of the Course. The lesson Localizing Troubles 
shows how to pinpoint the trouble to a section or 
stage of the TV receiver. Then the Troubleshooting 
Techniques that can be used to find the defective 
component causing the trouble are exploited in detail. 
This material describes principles of troubleshooting 
that can he applied to any stage in the receiver. 

The succeeding Units explain the circuits of each 
receiver section and the troubleshooting procedures 
for these circuits. A complete lesson is devoted to 
Troubleshooting Low Voltage Power Supplies. For 
each section of the receiver the principles of the 
circuits are explained first, then typical circuits and 
practical troubleshooting procedures are described. 
One topic leads to the next in the sequence of the 
signal as it goes through the receiver to reproduce the 

picture and sound. The seqience ci the lessons is: 
R-F Unit, Picture I-F Section and Video Detector, 
Video Amplifiers, AUG Circuits, Sync Circuits, De-
flection Oscillators and Circuits, and the FM Sound 
Channel. Ukra-high-frequencies and UHF converters 
for TV receivers for the new UHF television broadcast 
channels are explained in the lesson on the r-f section. 

After all sections of the receiver have been 
explained, with the troubleshooting, this is 
followed by individual lessons on the important 
servicing problems of Receiver Alignment and 
Methods of Reducing TV Interference. 

The use of Test Equipment, such as the 
oscilloscope, multimeter, vacuum tube volt-
meter, and signal generators is thoroughly 
described. 

APPROACH TO THE MATERIAL 

In preparing this course, it has been our aim 
to make television intelligible to the least ex-
perienced apprentice, and at the same time to 
cover the subject matter thoroughly so that even 
the experienced technician can derive benefit 
from it. 

We have purposely avoided trying to tell every-
thing at once. The first time a topic is covered, 
only its main outlines may be indicated, leaving 
the details, the secondary points and the excep-
tions until later. Each topic may be covered 
several times, therefore, each time in greater 
detail until the whole subject has been exhausted. 
For this reason, you may often find yourself 
reading familiar material. You will find on careful 
reading, however, that this is done to emphasize 
an important point, or to expand a point previously 
touched on briefly. In this way, the beginner is 
enabled to expand his knowledge gradually, di-
gesting the main substance of each new topic 
before being required to master all the refinements. 

The sequence of topics has been carefully 
considered. It follows as closely as possible the 
job sequence of the newly employed apprentice. 
Background information is given in sufficient 
detail to enable the reader to grasp the reasons 
for the operations he is performing in his daily 
work, and how each operation is related to the 
others and to television as a whole. As the in-
tricacy of the installation and servicing tech-
niques discussed becomes greater, additional 
background mat, rial and theory are introduced 
gradually. 
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HOME ASSIGNMENTS 

At the back of each Unit is printed a Home 
Assignment. The pages containing the Home 
Assignment are so arranged that they may be cut 
from the Unit without destroying any of the text. 
You are required to complete these assignments 
and mail them to RCAInstitutes, Inc. as instructed 
below. Each assignment will be carefully read, 
corrected and graded. The corrected assignment 
will then be returned to you. 

The first page of the Home Assignment pro-
vides spaces for you to fill in: (1) your name, 
(2) your address, (3) your student number, (4) your 
employer and (5) the date. Print your name and 
address so it is clearly legible. Your assignment 
will be returned to you in a window envelope — 
the address read by the mailman will be the one 
you write. Use your full name, not just initials. If 
you have moved since receiving the last Unit call 
attention to the fact by marking "NOTE NEW 
ADDRESS" at the top of the Assignment sheet. 

Each assignment consists of questions of the 
following types: ( 1) multiple-choice questions, 
answerable by merely making marks as directed 
on the question sheet itself; (2) essay questions, 
and (3) numerical problems. 

In answering the multiple-choice questions, 
follow exactly the instructions printed on the 
question page. Don't put down your answer in 
some other place than the exact place instructed. 
If your answer isn't in the right place the grading 
instructor may miss it. 

Each essay question requires you to write 
about 100 words of well considered explanation, 
of a principle, operation or reasoning process. 
Write your answer neatly and legibly, on one side 
only of a standard(81/2 X 11) sheet of paper. You 
may use ink, a soft pencil or a typewriter as you 
prefer. Number your answers to correspond with 
the question numbers. In writing your answer, it 
is equally important that you show a full under-
standing of the material, are able to reason 
correctly, and that you express your answer 
clearly, concisely and completely. 

Solutions to numerical problems should also 
be written on one side only of an 81/2 X 11 sheet. 
Number each solutio-n to correspond with the 
printed problem. 

Your solution of each problem should show 
clearly the various steps by which you arrive at 
your answer. Steps should be put down in logical 
sequence, with enough information in words or 
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standard symbols to indicate exactly what you are 
expressing. The final answer should be clearly 
indicated. It should never be necessary for the 
grader to guess how the problem was solved or to 
hunt for the answer. 

A student may receive a low grade for the 
correct answer if it is impossible for the grading 
instructor to interpret what is on the paper. 

Write your name, the Unit number, and a page 
number in the upper right-hand corner of each 
additional answer sheet. The printed question 
pages are already numbered, starting with " 1". 
If there are seven such pages, your first additional 
page should therefore be numbered "8". Secure 
all your answer sheets together at the upper left 
corner, with the first printed page on top, using a 
paper clip or staple. You should avoid writing too 
close to the upper left corner, so your writing will 
not be obscured by the fastening. 

Mail the completed Home Assignment in the 
envelope furnished you, which is addressed to: 

RCA Institutes, Inc., 
Home Study Department 
350 West 4th Street, 
New York 14, N.Y. 

MA ILING 

This introduction is included with Unit One, 
which is the first of a series of ten Units that 
will be mailed for the complete Course. Each Unit 
is punched with standard holes for ring binders 
taking 81/2 X11 sheets. In addition, each lesson 
is stapled as an individual booklet, so that you 
can remove a lesson from the Unit to carry around 
with you in your work. 

Unit Two will be mailed when we receive the 
Unit One Home Assignment. This procedure will 
be followed for all the Units. You should allow 
one to two weeks from the time you send us your 
Home Assignment for receipt of the next Unit. 

Two to four days are normally required for the 
grading. Your Home Assignment for each Unit 
will be graded and returned to you separately by 
first class mail. 

To avoid any unnecessary mail delays, be 
sure to give your correct address, and notify us 
of any changes. Make sure that you use enough 
postage when mailing us your Home Assignment. 
This must be mailed first class, which now requires 
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three cents per ounce. Generally, four sheets of 
your Home Assignment will weigh about one 
ounce, so that the six to eight pages you return 
should require six cents postage for two ounces. 

If you fail to receive the next Unit or your 
graded Home Assignment within a reasonable 
time, you may notify us directly. Give your name 
and address as it last appeared on the Units 
mailed to you, and your correct address if the old 
one was in error or if you have moved. 

HOW TO STUDY 

There is a technique to learning from books, 
just as there is to using a hammer or aligning a 
television receiver. Most of you may have been 
out of school for some time, and study may come 
a little hard at first. It is the purpose of these 
paragraphs to pass out a few tips that will help 
make studying easier, and your study time more 
fruitful. 

First, be regular in your study. Don't leave it 
until the last possible moment. Set aside a definite 
time each day or each week to study, and then 
make your schedule stick. You will benefit more 
from a half-hour a day, every day, than from six 
or eight hours of study all jammed together. 

Second, make sure that the conditions for 
study are as good as you can make them. You 
probably will be able to study better if you sit 
at a desk or table and provide a good light for 
the work. Quiet surroundings always helps — 
you can concentrate better without any distractions 
by other people or radio and TV programs. It pays 

to take the studying seriously because then you 
can get more done in less time. 

It's a good idea to read -over each lesson 
quickly, first. Then go back and study it carefully. 
In your second time through the lesson, don't 
skip over material that seems familiar — chances 
are there's at least one new point you can learn. 

Just reading is not studying. There are several 
little devices that will help you to remember the 
material you are studying. As you come to the 
end of a paragraph or a section, stop and think 
what was its principal point. Then try to classify 
in your mind the various subdivisions of the in-
formation you just read. It often helps to write 
out, in your own words, the meaning of what you 
have read. When you've finished reading a major 
section of a lesson, it's a good idea to write out 
a topical outline of its contents, classifying them 
into main division, subdivisions and minor details. 

You will sometimes come to a point you don't 
quite grasp, or which raises a question not an-
swered in the text. Make a note of the point or 
question and watch for the answer further along 
in the lesson, or in a later lesson. 

When you have finished a lesson, try to sum-
marize its contents in your mind, and relate it to 
the information learned in previous lessons. In 
this way your fund of information will grow system-
atically into a well-rounded useful and integrated 
whole, rather than a hodge-podge of unrelated 
facts and half-facts. 

Only after you have mastered the contents of 
each lesson, and stowed away its information in 
the proper mental pigeon-holes, should you tackle 
the Home Assignment. 
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This lesson is an introduction to the 
entire television system. In it you will 
learn how the picture and sound of a TV 
program is translated into a series of 
electrical impulses or si•gnals, and broad-
cast over a given service area. You will 
then see how these electrical signals are 
converted by a series of circuits in the 
receiver to the picture and sound of the 
original program. 

As a serviceman, you may be primar-
ily concerned with the installation and 
service of TV receivers and antennas. 
Before studying receiver circuits, how-
ever, a basic knowledge of the formation 
and transmission of TV signals is nec-
essary. In the first place, it is easier to 
determine whether or not a receiver is 
operating properly if something is known 
about the nature of the signals that make 
it function. Then, too, in the course of 
installation and service calls, you will 
be asked many questions. TV set owners 
are likely to be curious about many as-
pects of television. They may want to 
know how pictures can be sent all the 
way across the country, why all antennas 
aren't equally effective, and how UHF 

will affect them. Reasonably enough, 
they think you should know — and cer-
tainly you should be able to offer at least 
some general information. 

Let's begin our study of the television 
system by trying to define it, in terms of 
what it must do. We might say that it is a 
combination of devices for the transmis-
sion and reproduction of stationary and 
moving images. Of course, it must also 
transmit and reproduce the sound that ac-
companies these images. It is convenient 
to divide the complete system into two 
groups or sections: the transmitting sec-
tion and the receiving section. 

I - I . CONVERT ING LIGHT TO ELECTRICITY 

Suppose we first consider the opera-
tions that take place at the transmitter. 
The first problem is that of changing the 
scene or picture to be televised into some 
form of electrical signal. This is done by 
making use of the phenomenon known as 
photoe lectric effect. 

Photoelec tr ic Effect. — When light 
strikes certain substances, it causes 
electrons to be emitted. This property is 
known as photoelectric effect. Selenium, 
sulfur, cesium, and many other substan-
ces display this effect, and are said to 
be photosensitive. Some materials are 
much more photosensitive than others, 
and also display different degrees of sen-
sitivity to different colors. 

Fig. 1-1 
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(a) (b) 

Fig. 1-2 

How many electrons are emitted per 
seconds by a photosensitive material de-
pends, first of all, upon the characteris-
tics of the material. Also — and this is 
very important — it depends upon the in-
tensity of the light striking it. If a light 
continually varying in intensity falls upon 
a plate coated with a photosensitive ma-
terial, the number of electrons emitted by 
the plate will vary according to the vari-
ations in strength of the light.When the 
light is intense, many electrons per sec-
ond will be emitted; when it is dimmer, 
fewer electrons will be released. 

Picture Elements. — It is not practica-
ble to reproduce instantaneously a pic-
ture or scene as the eye sees it. Instead, 
we must find a means of breaking the 
total brightness of the scene into all the 
tiny variations of light — the whites, the 
grays, the blacks — that make up the pic-
ture details. This can be done by divid-
ing the scene into many tiny areas or 
elements. You are probably familiar with 
this process, which is used to reproduce 
photographs in newspapers and maga-
zines. Figure 1-2a shows a picture repro-
duced by this method. Note that the 
picture is composed of many tiny dots. If 
the dots are very small compared to the 
size of the complete picture, the eye sees 
only areas of relative lightness and dark-
ness. Parts of the picture in which the 
dots are large and close together appear 
dark; parts in which the dots are small 

and far apart appear lighter, or even white. 
Figure 1-2b is a small section of the same 
picture, enlarged to show the individual 
dots. It can be seen from the enlargement 
that any shade from black, through gray, 
to white, may be reproduced simply by 
varying the size and spacing of the dots. 

Suppose that a flat plate is covered 
with a thin layer of a photoelectric ma-
terial. If the light from a scene to be 
televised is focused by a lens on this 
plate, the photoelectric material will emit 
electrons, and the number of electrons 
released from each tiny area of the plate 

will be proportional to the amount of light 
falling on that area. Areas corresponding 
to very bright portions of the scene will 
emit many electrons; areas corresponding 
to dimly-lighted portions will emit fewer 
electrons. The net result, therefore, is a 
pattern of electrical charges that corres-
ponds exactly to the variations of light 
on the scene. 

I -2 . SCANN ING 

The charges produced by photoelec-
tric effect may be taken from the plate by 
a process called scanning. This means 
that the individual charges are taken off 
sequentially, or one after the other. As-
sume that an electron beam is caused to 
sweep very rapidly back and forth across 
the photosensitive surface. As each par-
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ticle in turn is touched by the beam, a 
varying electrical current is formed. We 
might say that the beam is modulated by 
the charges, since it is caused to change 
in amplitude or strength in accordance 
with the relative strength of successive 
charges. If the photosensitive plate is 
divided into many horizontal lines, or 
strips, and the electron beam is made to 
sweep across each line, one after the 
other, a current representing all the ele-
ments of the entire line is produced. This 
current is known as the video signal or 
picture information. 

The principle of sequential scanning 
is illustrated in Fig. 1-3. Assume that 
the electron beam starts at the upper left 
corner of the photosensitive plate, at 
point A. It sweeps across and slightly 
downward, to point B. During this sweep, 
or trace, a current proportional to the 
light intensity of the elements scanned 
is produced. 

A 

trace 
retrace 

F ig. 1-3 

o 

E 

At point B, the électron beam is cut 
off, or blanked out, so that no current is 
produced. While blanked out, it sweeps 
back and slightly downward to point C. 
This return sweep, or horizontal retrace, 
is indicated in the diagram by dashed 
lines. During the retrace, no picture in-
formation is reproduced and no current is 
produced. The beam then sweeps to the 
right to point D, again scanning the ele-
ments in its path. If the speed of the 
beam is much greater during the retrace, 
the intervals during which no picture in-
formation is transmitted are only a small 

fraction of the total scanning time. If the 
sweep and retrace takes place many times 
per second, the scanning motion becomes 
unnoticeable, and the effect is that of a 
complete picture. 

Reproducing Motion.— Now suppose 
that when the electron beam reaches the 
lower right corner of the plate (point E in 
the drawing), it is again blanked out, re-
turned very rapidly to point A, and caused 
to repeat the scanning process. By con-
tniuing this process, a rapid succession 
of complete pictures are traced and con-
verted to current variations. If the com-
plete pictures so traced — called frames 
—are repeated rapidly enough, motion can 
be reproduced, just as in motion pictures. 
The period during which the beam is 
blanked out between point E and point A 
is called the vertical retrace. 

Interlaced Scanning.— In practice, one 
refinement is added to this scanning pro-
cess. Instead of tracing the entire pic-
ture or scene one horizontal line after the 
other, the electron beam first traces 
every other line, then returns to the top 
of the screen and traces the remaining 
lines. This method, called interlaced s can-
ning, is illustrated in Fig. 1-4. 

start 
field 

line 

3 

5 

6 --

7 
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.„ ...z..- --•F-- --
................. 

-............ 
.....  ----,.....................  

end 
field t 

  odd field 

  even field 
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end 
field 2 

Referring to the illustration, assume 
that the electron beam begins its trace at 
the upper left corner, marked Start Field 
I. The beam traces the entire picture, ex-
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cept that it traces only every other line. 
When it reaches the bottom of the plate, 
midway between left and right, at the 
point marked End Field 1, it has traced 
every other line of a complete picture. 
This half-picture is known as a field. 
Sometimes, for the sake of convenience, 

it is further classified as the odd field, 
since only the odd- numbered lines are 
traced. In the diagram, both the trace and 

retrace lines of the first field are indica-
ted by solid lines. Remember, however, 
that the beam is blanked out during the 
horizontal retrace. 

The electron beam is then returned to 
the top of the screen, midway between 
left and right, at the point marked Start 
Field 2, and traces the remaining, or 
even-numbered lines of the picture. This 
half-picture is called the even field, since 
only the even-numbered lines are traced. 
The trace and retrace lines of this field 
are indicated in the diagram by dotted 
lines. When the beam completes the sec-
ond field, it is returned to the upper left 
corner and repeats the scanning action. 
The beam is blanked out during the ver-
tical retrace time, or when it is moving 
from the bottom to the top of the plate 
after each field. 

By this method, each picture or frame 
is divided into two fields since it is trac-
ed twice by the electron beam. The effect 
is almost the same as if each frame were 
scanned twice as fast. This greatly re-
duces the effect of flicker. 

Scanning Standards. — Naturally, all 
television stations must scan at the same 
rate; otherwise, receivers would not 
receive the pictures from all stations e-

qually well. For this reason, the FCC 
(Eederal Communications Commission) 
established a set of standards, by which 
all television stations are governed. Since 
these standards will be referred to many 
times in following lessons, some of the 
more important are listed below. 

1. The scene to be televised is broken 
into 525 horizontal lines. Only about 480 
of these carry picture information, how-
ever, since the remaining 45 lines are 
blanked out during the two vertical re-
trace times per frame. 

2. The frame frequency, or rate at 
which complete pictures are scanned, is 
30 per second. 

3. Since the beam must trace each of 
the 525 horizontal lines to form one com-
plete picture, it must sweep 525 x 30, or 
15,750 horizontal lines per second. The 
horizontal scanning frequency, or hori-
zontal sweep frequency, is therefore 
15,750 cycles per second. 

4. Since each frame is divided into 
two fields, the field frequency, or rate at 
which complete fields are scanned, must 
be twice the frame frequency, or 60cycles 
per second. This is the number of times 
per second the electron beam must sweep 
from the top to the bottom of the plate, 
and is sometimes referred to as the ver-
tical sWeep. frequency. 

1-3. SYNCHRONIZING SIGNALS 

So far, we have seen how light can be 
converted into an equivalent electrical 
signal, and how a scene can be scanned 
to produce a current that varies in accor-
dance with the light intensity of each 
element of the scene. Ode very important 
problem remains: to insure that the trans-
mitted image and the image reproduced 
by the receiver are synchronized. The 
electron beam in the kinescope of the re-
ceiver must begin or end each scanning 
line at exactly the same time as the beam 
in the camera tube. If it does not, the 
picture on the receiver screen cannot be 
an exact replica of the scene being tele-
vised, but will appear distorted. Some 
means must be provided to cause the beam 
at the receiver to follow that of the cam-
era tube, both horizontally and vertically. 
This is accomplished by synchronizing 
pulses. 

Synchronizing Pulses. — Synchronizing 
pulses, often abbreviated to sync pulses, 
are pulses of electrical energy, generated 
at the transmitter. They are applied to the 
circuits that cause the sweep and retrace 
of the electron beam in the camera tube, 
and thus control the vertical and horizon-
tal scanning motion of the beam. They 
are also transmitted with the video signal, 
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and picked up with.it by the receiver. In 
the receiver, they control the vertical and 
horizontal sweep frequencies of the elec-
tron beam in the kinescope, so that its 
position is at every instant the same as 
that of the beam in the camera tube. 

How this control is accomplished can 
best be understood by considering the 
electron beam in the camera tube. The 
beam is formed in the electron-gun sec-
tion of the camera tube, and focused so 
that the beam is of the proper size when 
it strikes the surface to be scanned. To 
provide horizontal and vertical scanning, 
the beam must be deflected up and down 
and across the scanned surface at the 
vertical and horizontal scanning rates. 

In general, two methods may be used 
for deflection: the electrostatic method 
and the electromagnetic method. To es-
tablish the principle of operation, we will 
consider the electrostatic system. Figure 
1-5a shows a deflection plate placed on 
either side of the electron beam. If a 
positive voltage is applied to plate A, 
the electrons in the beam, which are neg-
ative charges of electricity, will be at-
tracted toward the plate. If plate A is 
made negative with respect to plate B, 
the beam will be attracted to plate B and 
repelled from plate A. Thus, by alp, 
plying a voltage of the proper polarity, 
the beam can be deflected from side to 
side. Similarly, another pair of plates 
can be placed along the path of the beam 
to provide vertical deflection, as shown 
in part (b) of the figure. This permits 
the beam to be deflected both horizon-
tally and vertically. By applying voltages 
that alternate at the proper rates to the 
two sets of plates, the beam can be caus-
ed to sweep the scanned surface horizon-
tally 15,750 times per second and verti-
cally 60 times per second. 

To provide a constant or linear sweep 
across and down the scanned surface, 
and a relatively rapid retrace up and to 
the left, a sawtooth voltage is used. This 
is illustrated in Fig. 1-5c. During the 
slow, constant rise of voltage marked 
"trace", the electron beam is deflected 
steadily across the scanned surface. As 
the end of the trace is reached, the vol-

electron beam 

deflection plates 

(a) 

(b) 

tage abruptly reverses itself and drops 
rapidly to its original value, causing the 
electron beam to snap to the left. This is 
indicated in the figure by the portion of 
the wave marked " retrace". In the case 
of vertical deflection, the sudden drop 
in deflection voltage causes the beam to 
snap back to the top of the scanned sur-
face. 

The voltages required for vertical and 
horizontal deflection are generated at the 
transmitter by deflection generators. The 
synchronizing signals, also generated at 
the transmitter, are applied to the deflec-
tion circuits in such a way as to keep 
each deflection signal at the proper scan-
ning frequency. Since the deflection gen-
erators at the transmitter and those that 
control the kinescope beam in the re-
ceiver are controlled by the same set of 
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sync pulses, the scanning rates of the 
electron beam in the camera tube and that 
in the kinescope must remain, under 
normal conditions, in synchronization. 

The operation of electromagnetic de-
flection systems is essentially the same, 
except that deflection is accomplished by 
a sawtooth current wave flowing through 
deflection coils. " The Kinescope" lesson 
will explain electromagnetic deflection 
in detail. 

B la n k i ng . - The electron beam in the 
camera tube is cut off during the horizon-
tal retrace time, while it is moving from 
right to left across the photosensitive 
plate, so that no picture information is 
transmitted during these intervals. It is 
also blanked out during the vertical re-
trace time, while moving from the bottom 
of the plate to the top before beginning a 
new field. 

In the same way, the electron beam in 
the kinescope of the receiver must be 
blanked out during horizontal and vertical 
retrace. This is accomplished by another 
set of pulses, called blanking pulses. 

100-
comero signal 

90- (picture content 
at one line) 

70-

60 -

50-

40-

30-

20 -

l0 - blanking 
pulse II 

horizontal 
sync pulse 

They also are transmitted with the pic-
ture signal. By cutting off the electron 
beam in the kinescope during vertical and 
horizontal retrace, they prevent retrace 
lines from appearing on the screen. 

Flow they do this is explained more 
fully in a later lesson; however, the gen-
eral principle may be seen in Fig.1-6.The 
composite video signal - which is the 
video information, synchronizing pulses, 
and blanking pulses - is shown for two 
horizontal lines, just as it is radiated 
from the transmitter. When the voltage 
applied to the kinescope reaches the am-
plitude indicated in the drawing as the 
"black level", the electron beam is cut 
off. Note that the picture signal itself - 
that part of the composite video signal 
that represents the details of the scene 
or picture - never extends above the 
black level; that is, it never becomes 
"blacker than black". Since the blanking 
pulses do extend to the black level, the 
kinescope is cut off during the width of 
each pulse. Note also that the sync pul-
ses extend into the blacker-than- black 
region, which means that they cannot 
normally be seen on the kinescope. 

time 

- -/—  white level 

H 

I/15.750 sec. 
(duration of scan and 
retrace of one line) 

Fig. 1-6 

zero signol 

maximum level-

blocker - thon 
block 
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grays 
ronge of 

camero signal 



1-8 
TELEVISION SERVICING COURSE, LESSON 1 

1-4. TELEVISION CAMERAS 

We have learned how light can be c9n-
verted to electrical energy, how a scene 
can be scanned by an electron beam to 
produce an accurate electrical reproduc-
tion of its details, and how pulses can 
be transmitted to keep the transmitter and 
receiver in step with each other and to 
blank out the electron beam during ver-
tical and horizontal retrace. Now suppose 
we take a closer look t the television 
camera itself. 

In general, a television camera may 
be said to be composed of three parts: 
the camera tube, which includes the 
photosensitive plate and the electron gun 
which furnishes the electron beam for 
scanning; the lens, which focuses the 
scene to be televised on the photosen-
sitive plate; and the electronic viewfind-
er, which allows the camera operator to 
see the scene he is televising just as it 
is to be transmitted. 

Camera Tubes.— Many types of camera 
tubes have been developed. Each newer 
model, for the most part, offers certain 
advantages over older types. However, 
all utilize the same principle — that 
photosensitive materials emit electrons 
when excited by a light source. At pre-
sent, the image orthicon camera tube is 
used extensively. A photograph of an 
image orthicon camera tube is shown in 
Fig. 1-7a, and a simplified diagram of its 
construction in Fig. 1-7b. 

Briefly, the operation of the image 
orthicon is as follows. The scene to be 
televised is focused by a lens on a glass 
plate coated with a thin layer of photo-
sensitive material. The variations in 
light from different areas of the scene 
cause this material to emit electrons, in 
amounts corresponding to the intensity 
of the light from each area. These elec-
trons strike a glass target plate and cause 
other electrons in corresponding amounts 
to be dislodged from the target plate. 
Since electrons are negative charges of 
electricity, each tiny spot on the target 
plate from which an electron is released 
becomes positive. Thus a pattern of pos-

(a) 

lens 

photosensitive 
plate 

scanning beam 
electron 
multiplier 

mesh 

returning beam 

target plate 

(b) 

Fig. 1-7 

electron 
gun 

itive charges is established on the glass 
target plate, the pattern varying in accor-
dance with the intensity of the light from 
each minute area of the scene. The dis-
lodged electrons are attracted and re-
moved by the target mesh. 

An electron gun in the neck of the 
camera tube provides a very fine beam of 
electrons. The beam is caused to scan 
the target plate, using the interlace 
method previously discussed. Since the 
target plate is very thin and reasonably 
conductive, the positive charge pattern 
appears on both, the lens side and the 
electron-gun side. As the beam scans, 
some of the electrons in the beam are 
neutralized by the positive charges on the 
plate, and a current that varies in accord-
ance with the relative strength of succes-
sive charges is formed. This current is 
the video signal. 

Lenses.— In order to focus the scene 
to be televised on the photosensitive 
plate of the camera tube, a system of len-
ses must be used. Many different lenses, 
and combinations of lenses, are used in 
television cameras. In fact, several may 
be used for a single telecast, each lens 
producing a particular effect. Many tele-
vision cameras employ a " turret mount", 
which allows the cameraman to select any 
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Fig. 1-8 

one of several lenses simply by rotating 
the mount. A typical turret mount can be 
seen in Fig. 1-8, which illustrates a tele-
vision camera used for studio productions. 

When distantobjects must be televised, 
a telephoto lens sometimes is used. This 
lens has the effect of bringing far-off ob-
jects closer, much like the lens of a tele-
scope. 

At times, scenes such as room inter-
iors must be televised. Ordinary lenses 
cannot always be used in such cases, 
since their field of focus near the camera 
is very narrow. Instead, a wide-angle 
lens is employed. This lens has the ef-
fect of extending the field of view of the 
camera to either side. 

IThe Zoomar lens, which is illustrated 
in Fig. 1-9, is used for rapid changes 
from close-ups to distant shots. It is par-
ticularly useful in televising outdoor e-
vents. For instance, it may be used to 
make the camera "zoom" to the outfield 
of a baseball diamond for a close-up of a 
catch. 

Electronic Viewfinder.— So that the 

Fig. 1-9 

cameraman may see the scene he is tele-
vising exactly as it is transmitted, an 
electronic viewfinder is attached to the 
camera. This is actually a video monitor, 
which reproduces the picture information 
as it is transmitted. 

/ -5. PICTURE AND SOUND TRANSMISSION 

Video Transmission .— The varying 
electric current taken from the photosen-
sitive plate of the camera tube is, as we 
have seen, an accurate reproduction of 
the details of the scene being televised. 
However, it is extremely weak, and must 
be amplified many times before it can be 
radiated as a broadcast signal. 

It is first amplified in a section of the 
camera tube itself. The image orthicon 
contains a structure called an electron 
multiplier, which amplifies the weak sig-
nal taken from the target plate many times. 
The signal then passes through a series 
of video amplifiers, sometimes referred 
to as a preamplifier stage. It is then sent, 
by a connecting cable or other means, to 
the studio control room. There it is passed 
through still another series of video am-
plifiers, and the sync and blanking pulses 
are added to it. 

Figure 1-10 shows these steps, in 
block-diagram form. Note that the syn-
chronizing signals produced by the sync 
generators are applied to the camera tube 
to control the scanning and blanking of 
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Fig. 1-10 

the electron beam, and are also sent to 
the video amplifier stage to be added to 
the video signal. 

The combination of picture informa-
tion, sync, and blanking pulses is called 
the composite video signal. This compos-
ite signal is sent to the video transmitter. 
How it is sent to the transmitter depends 
upon the distance between studio and 
transmitter; usually, either special cable 
or a separate radio link is used. Both 
methods are discussed in Section 1-6 of 
this lesson. 

Modulation of the Carrier.— The com-
posite video signal is caused to modulate 
a radio-frequency carrier generated at the 
main transmitter. This is accomplished 
by the same process as that used in stan-
dard AM radio broadcasting. One impor-
tant difference does exist, however; the 

range of frequencies containing the pic-
ture information. A bandwidth of four 
megacycles is needed to handle the full 
video signal. Thus the band of frequen-
cies required by the video signal from 
just one television channel is several 
times wider than the band allocated to 
all AM broadcasting stations. Also, the 
carrier frequencies are much higher than 
those used for radio broadcasting. 

Summarizing, the video output of the 
main transmitter is a radio- frequency 
carrier wave, amplitude- modulated by the 
composite video signal. The composite 
video signal includes all the information 
necessary to reproduce the televised 
scenes, including synchronizing and 
blanking pulses. 

sync signals 

transmitter 

to transmitting 
antenna 

r-f carrier 
modulated by 
composite 
video signal 

Sound Transmission.— The video sig., 
nal is considerably more complex than the 
associated sound signal. Also, it is less 
familiar to most of us. For these reasons, 
we have given the video signal most of 
our attention so far. Now let's look at the 
sound, or audio, section of the trans-
mitter. 

The sound section of the transmitter 
operates much like a standard FM broad-
cast station. We need not go into the 
differences between AM and FM just now, 
since these are discussed fully in follow-
ing lessons. Most of us know, at least, 
that in the case of AM, information is 
transmitted by varying the amplitude of a 
carrier wave, while in the FM system the 
frequency of the wave is varied. Many 
advantages are claimed for the frequency-
modulation or FM system of sound trans-
mission, the most important of which is 
less interference from noise. Because of 
this and other advantages, television 
systems transmit the sound portions of 
programs by FM. 

Transmitting Antennas .— Both the 
composite video signal and the associated 
sound signal are usually radiated by a 
single transmitting antenna. This is ac-
complished by the use of a diplexer; a 
filter system that isolates the two signals 
from each, thus preventing interaction. 
Some transmitting antennas employ a tri-
plexer; a circuit that enables a single 
antenna to radiate not only the video and 
sound signals of a television station but 
those of an FM broadcast station as well. 

Any antenna designed for TV trans-
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mission must have certain characteristics. 
It must radiate well horizontally in all 
directions, and expend as little power as 
possible in upward radiation. It must have 
enough bandwidth to handle the entire 
band of frequencies required for the com-
posite video signal plus the associated 
sound signal. Finally, it must be sturdy 
enough to withstand extreme weather con-
ditions. A multiple transmitting antenna 
system located atop the Empire State 
building is shown in Fig. 1-11. 

Television Spectrum.— Twelve VHF 
(very- high-frequency) television channels, 
numbered from two through thirteen, are 
used for commercial television broad-
casting in the United States. The frequen-
cies assigned to them by the FCC are 
shown in Table A. Note that a break oc-
curs between Channels 6 and 7. The upper 
frequency of Channel 6 is 88 mc, and the 
lower frequency of Channel 7 is 174 mc. 
The frequencies between these two sets 

of channels are used by FM broadcast 
stations, amateurs, police, and other 
radio services. 

TABLE A 

CHANNEL FREQUENCY 

NO. RANGE MC 

2 
3 
4 
5 
6 

7 
8 
9 
10 
11 

54-60 
60-66 
66-72 
76-82 
82-88 

174-180 
180-186 
186-192 
192-198 
198-204 

12 204-210 
13 210-216 

In general, alternate channels are as-
signed in each city or area, to prevent 
interference between channels. However, 
Channels 4 and 5, and Channels 6 and 7, 
are separated in frequency. These may 
therefore be assigned in the same or near-
by areas without danger of ilterference. 
Since the VHF channels were assigned, 
however, the television industry has 
grown very rapidly. The demand for sta-
tion assignments soon outstripped the 
supply, since stations could not be au-
thorized if any possibility of interference 
to other stations existed. This problem 
was solved in 1952, when the FCC au-
thorized the use of an additional part of 
the radio spectrum for television broad-
casting. In addition to the twelve VHF 
channels already assigned, seventy UHF 
(ultra-high frequency) channels, numbered 
from 14 through 83, were allocated. These 
channels are located in the frequency 
range from 470 to 890 mc. UHF channel 
frequencies are listed in Table B. 

Basically, UHF television differs 
from VHF only in the frequencies used. 
Propagation characteristics are somewhat 
different at the higher frequencies, how-
ever, and antenna installation for UHF 
reception may be considerably more 
critical than for VHF. This is explained 
in detail in a following lesson. On the 
other hand, UHF offers certain advantages 
over VHF, notably its relative freedom 
from certain types of interference. Re-
ceivers designed primarily for VHF re-
ception can receive UHF channels by the 
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CHANNEL 

NO. 

TABLE B 

FREQUENCY CHANNEL FREQUENCY 

RANGE MC NO. RANGE MC 

48 674-680 
49 680-686 

14 470-476 50 686-692 
15 476-482 51 692-698 
16 482-488 52 698-704 

17 488-494 53 704-710 
18 494-500 54 710-716 
19 500-506 55 716-722 
20 506-512 56 722-728 
21 512-518 57 728-734 

22 518-524 58 734-740 
23 524-530 59 740-746 
24 530-536 60 746-752 
25 536-542 61 752-758 
26 542-548 62 758-764 

27 548-554 63 764-770 
28 554-560 64 770-776 
29 560-566 65 776-782 
30 566-572 66 782-788 
31 572-578 67 788-794 

32 578-584 68 794-800 
33 584-590 69 800-806 
34 590-596 70 806-812 
35 596-602 71 812-818 
36 602-608 72 818-824 

37 608-614 73 824-830 
38 614-620 74 830-836 
39 620-626 75 836-842 
40 626-632 76 842-848 
41 632-638 77 848-854 
42 638-644 

78 854-860 
43 644-650 79 860-866 
44 650-656 80 866-872 
45 656-662 81 872-878 
46 662-668 82 878-884 
47 668-674 83 884-890 

addition of tuning devices that will select 
the higher-frequency channels. This may 
be accomplished by eitherof two methods: 
the use of selectors, which are external 
tuning units, or by UHF inserts added to 
the tuners of receivers having provision 
for such inserts. 

I -6. PROGRAM SOURCES 

Television programs may originate in 
the main studio, or at points far removed 
from the studio. They may also originate 
"canned" as motion-picture films or 
kinescope recordings. A typical "live" 
studio production is shown in Fig. 1-12. 

Portable Equipment.— Mobile units, 
which contain almost as much equipment 
as a small studio, are used to provide 

Fig. 1-12 

coverage of events removed from regular 
facilities, such as parades, disasters, 
and sports events. Figure 1-13 is a photo-
graph of an RCA mobile transmitter truck 
used for spot-news coverage. 

Fig. 1-13 

Such mobile units often use two or 
more cameras. They also contain switch-
ing units, power supplies, synchronizing 
generators, and other equipment. This 
equipment, including the television cam-
eras, is basically the same as that for 
studio programs, except that it may be 
lighter, more rugged, and more compact. 

The composite video signal from a 
mobile unit is sent to the control room of 
the main studio by coaxial cable or micro-
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wave radio. If the scene of the telecast 
is not too far from the studio, coaxial 
cable is used. For more remote telecasts, 
the video output of the mobile unit may 
be sent to the main studio by a micro-
wave- radio link. In this method, the video 
signal produced and amplified in the 
camera tube is broadcast directly to the 
main studio, where it is picked up by a 
receiving antenna, amplified further, and 
re- broadcast by the main transmitting 
antenna. 

This is made possible by the extreme-
ly high frequencies involved in microwave 
transmission, which permit sending the 
video signal as a very narrow, concen-
trated beam, aimed directly at the receiv-
ing antenna of the main transmitter. This 
is, of course, exactly the opposite effect 
from that produced by the main trans-
mitting antenna, which radiates the broad-
cast signal over as wide an area as 
possible. A typical microwave transmitting 
antenna, used for mobile telecasts, is 
shown in Fig. 1-14. 

Fig. 1-14 

Radio Relays .— Both coaxial cable 
and microwave-radio links are used to 
relay television programs, so that cities 
many hundreds of miles apart may receive 
telecasts originating in other stations. In 
the case of radio relays, a system of re-
peater stations is employed. The program 
to be relayed is transmitted by microwave 
radio from one station to the next. Since 

microwave frequencies can be used only 
for short distances, many repeater stations 
are needed — usually, one every twenty 
or thirty miles along the distance to be 
covered. Frequently these repeater sta-
tions are completely automatic, in that 
no operators are needed to control them 
except for maintenance checks and emer-
gency repairs. The signal received from 
one such station is automatically re-
transmitted to the next station. 

Film Pickups.— Motion-picture films 
are used extensively as television mater-
ial. However, since the frame frequencies 
for motion-picture films are not the same 
as those used for television scanning, 
special projectors are needed. The film 
studios of large stations usually include 
projectors for televising 16- and 35- mm 
films and stationary slides. 

Kinescope Recordings . — It is also 
possible to make films directly from the 
kinescope of a receiver. The sound por-
tion of the program is recorded on the 
film at the same time. By using these 
recordings, stations may reproduce pro-
grams originating in other stations, to 
which they are not connected by cable or 
radio. 

I - 7 . FUNCT IONS OF THE RECEIVER 

Now that we have seen how a scene 
and the associated sound is converted to 
an electrical signal that can be broadcast 
by a transmitting antenna, let's look at 
the other end of the television system: 
the receiver. 

For convenience, a receiver may be 
considered to be made up of a number of 
sections, each section performing a de-
finite function or functions, and usually 
associated with one particular part or 
form of the composite video signal For 
instance, the r- f unit or tuner section se-
lects, amplifies, and converts the r-t sig-
nal entering the receiver; the sync section 
deals primarily with the sync signals; 
and so on. Other lessons of this course 
take up each section individually, in-
cluding both theory and troubleshooting. 
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First, however, a knowledge of the ove.r-
all operation of the receiver is necessary. 
This is presented in the following para-
graphs, which consider the general re-
quirements of each section and how they 
are met. 

Roughly, a television receiver may be 
said to have seven major functions. 

1. From the signals picked up by the 
antenna, it must accept those from the 
channel to be received, and reject those 
from other channels. 

2. The picture information, sound in-
formation, and synchronizing signals must 
be separated from each other and fed to 
the proper circuits. 

3. The video signal, which contains 
the picture information, must be amplified, 
detected, and applied to the kinescope. 

4. The vertical and horizontal deflec-
tion signals must be developed and ap-
plied to the kinescope. 

5. The synchronizing signals must be 
amplified, separated into horizontal and 
vertical signals, and applied to the de-
flection circuits. 

6. The sound signal mustbe amplified, 
detected, and applied to the loudspeaker. 

7. The proper operating voltages must 
be supplied to all stages. 

These functions are illustrated in the 
block diagram of Fig. 1-15. In this dia-
gram, receiver operating controls, and 
adjustments that are normally made or 
checked at the time of installation, are 
indicated by appropriate symbols. 

It should be noted that controls and 
adjustments are not the same in all re-
ceivers. Some receivers, for instance, 
use a variable resistor for the horizontal 
drive adjustment; in other receivers it is 
a variable capacitor, as shown in Fig. 
1-15. For exact circuitry, the Service Data 
for the receiver should be consulted. 

The Antenna.— The composite video 
signal and the sound signal, as we have 
seen, are transmitted in the band of fre-
quencies allotted to one channel, usually 
by a single transmitting antenna. The 

function of the receiving antenna is, of 
course, the reception of these signals. 

To provide adequate reception of pic-
ture and sound, the receiving antenna 
must meet several requirements, some of 
which differ with the location of the re-
ceiver and the stations to be received. It 
may be necessary to pick up signals from 
stations widely separated in direction, 
from stations so far distant that very little 
of the radiated signal reaches the receiv-
ing antenna, and from stations widely 
separated in frequency. At the same time, 
the antenna must be directive enough to 
eliminate or at least reduce interference 
from reflected signals. To meet these 
contradictory requirements, various types 
of antennas and antenna mounts are used. 
In most areas, a simple dipole with re-
flector will provide a suitable signal. 
However, in areas farther from the trans-
mitter, high-low combinations, conicals, 
or even stacked arrays may be necessary 
to provide the necessary gain and direc-
tivity. In fringe areas, it is frequently 
necessary to erect tall masts or towers to 
provide enough signal strength. In some 
locations, on the other hand, simple built-
in or cabinet-top antennas may provide 
enough gain and selectivity. For UHF 
reception, still other antenna types are 
used. 

To couple the signal picked up by the 
antenna to the receiver some form of 
transmission line is used. Transmission 
line, which may be either a pair of con-
ductors insulated from each other or co-
axial cable, is designed to carry the 
signal from the antenna to the r-f unit of the 
receiver with as little loss as possible. 

The R-F Unit.— The r- f unit of a re-
ceiver, often called the tuner or front end, 
performs a number of functions. First, it 
must accept the signals of the channel to 
which the receiver is tuned. At the same 
time, it must reject all other signals. The 
ability of the r-f unit to reject unwanted 
signals is known as selectivity; this term 
is used in television just as it is in radio. 

The r-f unit also provides some ampli-
fication. This usually takes place in a 
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single stage. The amplified r- f signal is 
fed to the converter, where it heterodynes 
with an r- f signal generated in the local 
oscillator. This process is the same as 
that which takes place in the converter 
stage of any superheterodyne receiver. 
The result is also the same: an inter-
nediate-frequency, or i-f, signal is pro-
duced. At present, two intermediate 
frequencies are in common use: 41 mc 
(41.25-nk sound i-f and 45.75-mc picture 
i-f) and 21 mc (21.00-mc sound i-f and 
25.5-mc picture i-f). 

The CHANNEL SELECTOR, indicated 
in the diagram by a multicontact switch, 
switches in tuned circuits, so that at each 
position of the switch the beat frequency 
between the incoming r-f signal and the 
local-oscillator signal is the intermediate 
frequency of the receiver. For example, 
when the Channel Selector is at the 
Channel 2 position, the local oscillator 
of sets using a 41-mc i-f is at 101 mc. The 
differences between 101 mc and the 
Channel 2 sound and picture carriers 
(55.25 mc and 59.75 mc) are 41.25 mc 
and 45.75 mc, the sound and picture i-f's 
of the receiver. 

The FINE TUNING CONTROL, shown 
as a variable capacitor, varies slightly 
the frequency of the local oscillator, 
making possible a more precise adjust-
ment than can be attained with the Chan-
nel Selector. 

The r-f section of a television receiver 
usually is a self-contained unit, mounted 
on its own subchassis. This affords ad-
ditional shielding and prevents radiation 
by the local oscillator, which might other-
wise occur. A photograph of the RCA 
KRK-12, a combination VHF-UHF, turret-
type tuner, is shown in Fig. 1-16. 

The Picture l-F Section. •- The output 
of the converter is an intermediate- fre-
quency signal carrying both sound and 
picture information. It passes to the pic-
ture i-f section, in which it is amplified. 
Most of the signal amplification of the 
receiver takes place in this section. The 
amplified i-f signal is fed to the picture 
detector (which may be either an elec-
tron tube or a germanium diode) where it 

Fig. 1-16 

is detected. The output is an amplified 
version of the original video signal. 
At the sound-takeoff point, the sound 
signal is separated from the video signal 
and fed to the sound circuits. The re-
maining portion of the composite video 
signal, containing the picture information 
and sync and blanking pulses,is passed 
to the video amplifier stage. 

The output of the i-f amplifiers is kept 
relatively constant over a wide range 
of input signals by an AGC ( automatic-
gain-control) circuit, which increases the 
gain of the i-f and r- f amplifiers for weak 
signals and decreases it for strong sig-
nals. 

The Video Amplifier Section. - The 
video signal at the output of the picture 
detector is still not strong enough to 
drive the kinescope. Therefore, it is am-
plified further in one or more video- am-
plifier stages. Since the video signal 
covers a range of about 4 mc, the video 
amplifiers must pass this band of fre-
quencies without undue distortion. The 
output of the video amplifier section, 
which includes the video signal and the 
blanking pulses, is applied to the kine-
scope. The PICTURE CONTROL governs 
the contrast of the picture: the difference 
in intensity between light and dark por-
tions of the picture. It does this by con-
trolling the signal level to the kinescope. 
The synchronizing signals are separated 
from the composite video signal by sync 
separator circuits. in the sync section. 

Synchronizing and Deflection Circuits. 



Functions of the Receiver 

1-17 

— The synchronizing pulses fed to the 
sync section from the video amplifier are 
separated into horizontal sync pulses and 
vertical sync pulses, amplified, and ap-
plied to the deflection circuits. 

The deflection circuits provide the 
current that moves the electron beam in 
the kinescope across and up and down the 
screen. Two signals must be generated: 

the vertical deflection signal, which 
moves the electron beam vertically, and 
the horizontal deflection signal, which 
moves the beam horizontally. These sig-
nals are generated by deflection oscilla-
tors. 

The VERTICAL HOLD CONTROL, 
indicated on the diagram by a variable 
resistor, adjusts the vertical oscillator 
frequency to the vertical repetition rate 
of 60 cycles per second. The output of 
the oscillator, which is the sawtooth 
waveform required for vertical scanning, 
is amplified and fed to the vertical de-
flection coils, which control the scanning 
of the electron beam in the kinescope. 
The VERTICAL HEIGHT ADJUSTMENT 
adjusts the height of the raster, by in-
creasing or decreasing the input to the 
output amplifier tube. The VERTICAL 
LINEARITY ADJUSTMENT governs the 
vertical linearity of the raster, usually 
by varying the bias on the vertical am-
plifier tube. 

The horizontal oscillator operates at a 
frequency of 15,750 cycles per second, 
the horizontal scanning frequency. The 
output of the oscillator is amplified and 
fed to the horizontal deflection coils. The 
HORIZONTAL HOLD ADJUSTMENT al-
lows adjustment, over a limited range, 
of the oscillator frequency. Coarser ad-
justments are made with the HORIZON-
TAL FREQUENCY ADJUSTMENT, which 
is usually a tuning slug in the core of 
the oscillator coil. 

The deflection oscillators are con-
trolled by the vertical and horizontal sync. 
pulses. Therefore, the rate of scanning 
at the receiver is the same as that at the 
transmitter. 

The WIDTH ADJUSTMENT is a vari-
able control across part of the horizontal 

output stage. :t allows adjustment of the 
width of the raster. The HORIZONTAL 
LINEARITY ADJUSTMENT permits 
slight changes in horizontal linearity. 

An additional function 'of the horizon-
tal deflection circuits is that of supplying 
high voltage lor the kinescope. The HOR-
IZONTAL DRIVE ADJUSTMENT, shown 
in the diagram as a variable capacitor, 
controls the amount of high voltage sup-
plied. It is used to obtain the brightest 
possible picture consistent with good 
linearity. 

The Kinescope. — We learned while 
discussing the camera tube at the trans-
mitter that certain substances emit elec-
trons when struck by light, and that this 
property is used in converting light to 
electricity. At the receiver, this process 
is reversed, and the electrical signal is 
converted back to light to produce a pic: 
ture on the kinescope screen. Therefore 
materials that emit light when struck by 

electrons are used. This property of emit-
ting light when struck by electrons is 
called fluorescence. 

However, in order to trace a picture 
on the screen of a kinescope, we need a 
material that not only emits light when 
struck by electrons, but that continues to 
glow after the beam is removed. This 
property is called phosphorescence. For 
picture tubes, materials that continue to 
glow just long enough to give the im-
pression df a complete picture on the 
screen are used. 

We know that a great deal of light 
causes more electrons to be emitted from 
a photosensitive plate than only a little 
light. In the same way, many electrons 
striking the fluorescent screen of the 
kinescope cause it to glow more brightly 
than just a few electrons. Thus, by al-
lowing the video signal, which is a vary-
ing electric signal, to control the number 
of electrons striking the kinescope screen, 
we can reproduce the light and dark ele-
ments of the original scene. 

The major portions of a kinescope and 
its associated parts are shown in Fig. 1-17. 
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The Electron Gun.— The electron gun, 
which is mounted in the neck of the tube, 
provides a continuous supply of electrons. 
These electrons pass through a tiny hole 
in the grid of the tube, and are formed in-
to a narrow beam. This beam is given a 
high velocity by an accelerating anode, 
and speeded up even more in its passage 
toward the screen by a second, or high-
voltage, anode. Thousands of volts are 
applied to this second anode, to give the 
electron beam the extremely high speed 
needed to excite the fluorescent material 
of the screen. 

Focusing. — To produce the very small 
spot of light needed to trace out the de-
tails of the picture, the electron beam 
must be focused. This may be done by 
one of two methods: magnetic or electro-
static. Both systems are used in modern 
kinescopes. The electrostatic method 
usually involves the use of a special 
focusing electrode in the gun of the tube. 
A focusing voltage, applied to this elec-
trode, controls the focus of the beam. 

Electromagnetic focusing is also used. 
In this method, the electron beam is fo-
cused by causing a current to flow 
through a focus coil. More often, however, 
permanent magnets are employed. An iron 
ring, or magnetic shunt, is mounted so 
that it can be moved back and forth along 
the neck of the tube. This provides the 
focusing adjustment. The position of the 
focusing magnet is shown in Fig. 1-17. 
If electrostatic focusing is used, no such 
ring or coil is necessary. 

Deflection.— The focused beam must 
be swept across and up and down the 
the screen to provide the scanning action 
that traces out the picture. This is done 
electromagnetically in most modern pic-
ture tubes, although some kinescopes use 
an electrostatic method. The electromag-
netic method requires a deflection current 
through a deflection yoke, and the electro-
static method requires a deflection vol-
tage applied to deflection plates. 

The deflection yoke shown in Fig. 1-17 
contains two sets of coils: one set for 
horizontal deflection and the other set 
for vertical deflection. Current passing 
through them sets up magnetic fields, 
which cause the electron beam to be de-
flected vertically and horizontally. This 
current is produced by the deflection 
generators. We have seen that the timing 
of these generators is controlled by the 
synchronizing pulses transmitted with 
the video signal. Since the current pro-
duced by the deflection generators, ap-
plied to the deflection coils, controls the 
movement of the electron beam, the beam 
must remain in step or synchronization 
with the beam in the camera tube. 

Ion- trop Magnet. — The ion- trap magnet 
used with many kinescopes prevents the 
formation of ion spots or burns on the 
screen. How ion burns are formed and 
how the ion trap eliminates them is dis-
cussed in " The Kinescope" lesson. 

Centering Control .— To center the 
raster on the kinescope screen, some 
kinescopes use a wobble plate in con-
junction with the focus magnet. The pos-
ition of this plate is shown in Fig. 1-17. 
In some electromagnetic-focus types, 
centering is accomplished by adjusting 
the position of the focus coil. 

Operation. —We now have seen that an 
electron beam may be focused to form a 
spot of light on the fluorescent screen, 
and deflected to provide a scanning pat-
tern. With no video signal applied, this 
results in the raster — a rectangle of 
white light on the screen. 

To reproduce the light and dark areas 
of the picture being televised, the inten-
sity with which the electron beam strikes 
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the fluorescent screen must be varied, so 
that the screen will glow brightly, less 
brightly, or not at all, depending upon the 
picture elements being reproduced. This 
is done by applying the video signal — 
which, as we know, is a constantly vary-
ing electrical signal — to the grid or 
cathode of the kinescope. Since the elec-
tron beam, to reach the screen, must pass 
through a small hole in the grid, the video 
signal can control the number of electrons 
that reach the screen. When a light area 
of the picture is being scanned, the video 
signal lets many electrons strike the 
the screen, and the screen glows brightly. 
When a very dark area is being scanned, 
the video signal cuts off most or all of 
the electrons in the beam, and the screen 
glows very dimly or not at all. In this 
way, the electrical signal produced by 
the camera tube is re-converted to light, 
tracing out pictures or scenes on the kine-
scope screen. The BRIGHTNESS CON-
TROL, indicated in the diagram by a 
variable resistor, governs the amount of 
d-c bias applied to the kinescope, and 
therefore the over-all brightness of the 
picture. Note the difference between this 
control and the PICTURE CONTROL, 
which varies the signal level applied to 
the kinescope and thus the contrast of 
the picture. A typical picture tube is 
shown in Fig. 1-18. 

The Sound Circuits. — The sound cir-
cuits of a television receiver are, for the 
most part, the same as the circuits of an 
FM radio receiver. Although separate 
carriers are used for the sound signal 
and the composite video signal, they are 
both within the band of frequencies of 
one television channel, and both are ac-
cepted by the r-f section of the receiver. 
The sound signal is amplified in the r- f 
section, converted to a sound intermediate 
-frequency signal, and fed to the sound 
section of the receiver. 

Two general types of sound systems 
are in use: the intercarrier type and the 
dual i-f, also called split-sound, type. 
An entire later lesson is devoted to sound 
systems; therefore only the major differ-
ences will be pointed out at this time. 

In dual i-f receivers the picture i-f 

Fig. 1-18 

signal and the sound i-f signal are am-
plified separately. The tuned circuit by 
which picture and sound are separated 
may be at the output of the mixer or fol-
lowing the first or second picture i-f 
stages. After passing through the sound 
i-f amplifiers, the sound signal is detec-
ted, amplified in an audio stage or stages, 
and fed to the loudspeaker. 

In intercarrier sets, the picture and 
sound i-f's are amplified together, in 
common i-f stages. Sound is taken off 
after the picture detector, and fewer sound 
i-f amplifiers are therefore required. In 
all intercarrier sets, sound and picture 
are separated by a 4.5-mc trap, since the 
sound carrier is exactly 4.5 mc away from 
the picture carrier. The other important 
differences between intercarrier and dual 
i-f receivers will be discussed in the " FM 
Sound Channel" lesson. 

No matter which system is used, the 
amplified signal is passed to a sound 
detector. The output of the detector, just 
asin radio receivers, is an audio-frequen-
cy, or a-f, signal. Two types of detectors 
are in general use: the ratio detector, 
and the discriminator. The output of the 
detector is amplified and applied to the 
loudspeaker. The SOUND VOLUME CON-
TROL is simply a potentiometer that 
varies the amount of audio voltage ap-
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plied to the first audio amplifier. Many 
receivers also provide a TONE CONTROL 
in the audio section. 

Power Supplies. — The low-voltage 
supply is similar to that of a transformer-
type a-c radio receiver. A power trans-
former with several secondary windings 
supplies the voltage for the low-voltage 
supply and tube heaters. The rectifier 
section is usually a full-wave circuit; it 
may consist of one or more rectifier tubes 
or selenium rectifiers. A filter section 
smoothes out the ripple. Since the various 
stages have different low-voltage re-
quirements, a voltage-distribution sys-
tem is necessary. 

Most modern receivers use the fly-
back or kick-back method to provide the 
high voltage necessary for the kinescope. 
This method makes use of the sharp 
change in scanning current required for 
horizontal retrace. The high voltage 
developed across the horizontal output 
transformer by the sudden change in 
scanning current is stepped up, recti-
fied, filtered, and applied to the kine-
scope. 
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I -8. SUMMARY 

This has been a very general picture 
of the television system: a sort of guided 
tour of the system as a whole. Now that 
you understand the fundamentals of pic-
ture and sound transmission, and are ac-
quainted with some of the more common 
terms, you are ready for the more prac-
tical, detailed information presented in 
the lessons to follow. 

To be sure that we haven't missed any 
important steps in the chain of opera-
tions from transmitler to receiver, let's 
follow the paths of the sound and pic-
ture signals in the block diagram of Fig. 
1-19. The operations that take place are 
summarized in the following paragraphs. 

1. The details of the scene to be 
televised are converted, in a camera tube, 
to a constantly varying electrical signal. 
This video signal is amplified in a pre-
amplifier stage. Scanning and blanking 
rates of the electron beam in the camera 
tube are controlled by synchronizing and 
blanking pulses applied to the camera 
deflection circuits. At the same time, the 
associated sound is picked up by a micro-

r- f 
unit 

picture 
section 

loudspeaker 

kinescope 

sync and 
deflection 
circuits 

Fig. 1-19 
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phone, converted to an electrical signal, 
and amplified in a preamplifier stage. 

2. The signals carrying picture and 
sound information are amplified. 

3. The amplified sound and compos-
ite video signals are sent to the main 
transmitter. The sound signal is caused 
to frequency-modulate a carrier wave, 
and the composite video signal to am-
plitude-modulate another carrier wave. 
Both are radiated in the band of frequen-
cies allotted to one television channel. 

4. The transmitted signals are picked 
up by the receiving antenna, and coupled 
to the receiver by a transmission line. 

5. The r-f unit of the receiver ac-
cepts the signals from the channel to 
which it is tuned, rejecting signals from 
all other channels. The signal is am-
plified, and caused to heterodyne with 

an r-f signal generated by the local os-
cillator, producing an i-f signal. This i-f 
signal contains the composite video sig-
nal and the sound signal. 

6. In intercarrier sets, the sound and 
picture i-f's are amplified together in a 
series of picture i-f amplifiers. The sound 
signal is separated by a trap, amplified 
further in one or more sound i-f amplifiers, 
detected, and fed through an audio am-
plifier section to the loudspeaker. 

7. The video signal is detected, am-
plified in a video amplifier section, and 
applied to the kinescope. The blanking 
pulses are also applied to the kinescope. 

8. The synchronizing signals are 
separated, amplified, and applied to the 
vertical and horizontal deflection circuits 
to control the scanning rates of the kine-
scope. 
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THE AIM OF AN INSTALLAT ION JOB. 

2-1. The aim of every installation job is a 

satisfied customer. Seems pretty obvious, doesn't 
it, when you come right out and say it? It's very 
easy for all of us to think about the job of _in-

stalling a television receiver as a minor engineer-
ing problem — how to get the antenna fastened up 

on the peak of the roof, what kind of transmission 
line to use, or which way to point the antenna for 
best reception. Those are all part of it, of course, 

but they're just means to an end. And the end 
objective of all the engineering — from the de-

sign engineers and the broadcasting station engi-
neers right through to you — is to make a satis-

fied customer. 

Customer Satisfaction. — You'd be surprised 

how many ways there are of making a dissatisfied 
customer. Some of them have little or nothing to 
do directly with the actual installation itself. If 
you appear at the customer's door with a two-day 

growth of beard, or if you track mud across the 

living room rug that just came back from the 
cleaner's, or if your ladder slips and falls into 
the customer's pet rose bush, or ... well, you get 
the idea. If any of those things, or hundreds of 

others, happens, your name is mud, and the 

customer is unlikely to like your installation job 
even if it is good. So of course, you just don't 

let such things happen. 

Whether you work for a large company, or 
operate a small television service of your own, 
you should think about such matters as a part of 
customer relations, and recognize them as an ex-
tremely important part of your job. We'll have more 
to say about customer relations in this and other 
lessons, and we'll have one entire lesson devoted 
to gathering together all the little things to keep 
in mind under that heading. But we can summarize 
the whole thing as— neatness and courtesy. Those 
are the two things housewives appreciate most. 
And so far as we're concerned, it is the housewife — 
who is usually the one home when the serviceman 
shows up — whom you have to please. 

However, we do have an installation job to do, 

so let's get on with it. Aside from behaving in a 
manner calculated to keep the customer on friendly 
terms, what do we have to do to make her — or 
him — a satisfied customer? 

What Is a Good Picture? — What she wants 

andexpects from a television set is a good picture 
— at all times, and on all stations. Sometimes 
that's a large order, but it is our job to come as 

close to it as possible. But what constitutes a 
good picture? That is the subject of the next 

numbered section of this lesson, in which we'll 
go into such matters as focus, aspect ratio and 
linearity. But for now, let's stick to describing 

a good picture in layman's language — the terms 

in which the customer thinks of it. 

Fig. 2-1 

In the first place, he (and from now on, we 

mean he or she) wants to be able to tune in any 

station within reasonable range of his receiver, 
without too much fiddling with dials. He wants 
the picture to stand still on the screen, and to 
show as much detail of the scene being televised 

as possible. It should be clear and sharp; when 

DiMaggio smacks the ball, he wants to be able to 

follow it with his eyes and see where it goes; or 

when a lovely lady smiles, her mouth should 
show a lovely smile and not look like the en-

trance to Mammoth Cave. He also wants the 
lady's shape to be as nature designed it, and not 

as it might appear in one of those curved mirrors 
they put in amusement parks. He wants the pic-

ture to be free from those jagged rips, herring 
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bone patterns, snowstorms and meandering dark 
streaks that so delight the cartoonists these days, 
but give no pleasure to anyone else. He wants the 
picture to be as big as possible, innatural-looking 
tones of black, gray and white. And he'd like it 
to be visible from any part of his living room. 

Presently, we'll translate these wishes of the 
customerinto terms of adjustments on the receiver 
appropriate to produce the desired results. But 
right now we're just getting a preview of our job. 
And a part of that preview is an important idea on 
how the installation job finally got accomplished. 
That idea 'is team work. 

Teamwork in Television. — In a sense, every 
television technician is a member of a team. 
This teamwork idea extends all the way from the 
inventors and design engineers, right through 
the production staff at the factory, the broad-
casting personnel, including the people who put 
on the programs, to the dealer, to YOU, and 
finally, to the customer. This is true because 
essentially, you are all vitally interested in one 
final purpose to provide pleasing, satisfying tele-
vision service to the customer. The customer 
wants this kind of service, and from one viewpoint 
he is the most important member of the team. He 
pays the bills! And right next to him in this team-
work chain is you, for you are the fellow who 
installs the set, the final act that puts the whole 
television system in operation for his enjoyment. 
Also, and perhaps most important of all, you're 
the man he calls in when something goes wrong, 
the time when he's most likely to be dissatisfied. 

Naturally you're not expected to take care of 
all the customer's difficulties by yourself. You 
are really backed up by other members of the 
team, all the way from your partner on the in-
stallation job (if you have one) back to the people 
who make the sets, the designers, and to some 
extent everyone connected with the business of 
bringing satisfactory television to the public. All 
these people (including the writer of these words) 
are getting their daily bread and butter from tele-
vision, and thus have a good personal reason for 
wanting to help you. 

However, some people on this team are in a 
better position to help you directly than others. 
Every maker of television receivers and acces-
sories has full information about installation and 
repair of his products that is available to you. 
This can be obtained either directly from the maker, 
through the distributor, or through one of the 
firms specializing in providing such information, 

such as John F. Rider Publisher, Inc., or Howard 
W. Sams & Co., Inc. There are also many maga-
zines and service publications that provide up-to-
date information on new methods and short-cuts 
in television installation and service. All these 
things are a part of the industry's team effort, and 
all you have to do is take the information and 
apply it in a common-sense way. 

The whole development of television broad-
casting has been a record of teamwork. The in-
ventors and designers, the manufacturers through 
the Radio and Television Manufacturers Associ-
ation (RTMA), and the government through the 
Federal Communications Commission (FCC) have 
cooperated in establishing the present uniform 
standards, so that any receiver in the whole 
country can receive any broadcast program, pro-
viding only that the signal from the transmitter 
reaches the receiving antenna in sufficient strength. 
We accept this as commonplace, yet in Europe 
widely differing standards are found within small 
geographical areas. Imagine if you can the situ-
ation if Ohio, Indiana, and Kentucky all had 
different television standards! 

Admittedly, your job has headaches, for you 
are on the firing line, so to speak. It is you whom 
the customer sees daring the installation, and you 
who gets called in when something goes wrong. 
It takes a good man to handle your job. But even 
the best man should make full use of the help 
his teammates can provide. Make sure you keep 
familiar with the makers of service data on the 
receiver or accessory you are working on, and 
contact the distributor or some other source for 
more information when you need it. Remember, 
nobody can help you if you don't let them know 
you need help. 

REQUIREMENTS FOR A GOOD PICTURE 

2-2. To get back to that "customer relations" 
angle again, you'd be surprised how super-critical 
Mrs. Customer can get about the picture quality if 
you've carelessly backed into a favorite lamp, or 

left dirty hand marks on a clean painted wall. 
Conversely, if you have impressed her as a con-
siderate, courteous and careful young man, she's 
a lot more likely co accept what you say is the 
best picture that can be gotten on her new tele-
vision receiver. 

What Is a Good Picture? — Not every customer 
has a very definite idea of what to expect of the 
picture. But unless he gets a good picture, he 
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won't be satisfied. This is true even though he 
only knows that it doesn't look as good as 

Neighbor Jones gets across the street. So we 
can't just depend on the customer to tell us when 
the picture is good enough. We have to have 

some definite standards of our own. If anything, 
we should be even more critical of picture quality 

than the customer. So let's see what some of 

these standards of judgment are. 

When everything is properly adjusted, we can 

expect the test pattern to look sharp and clear 

like this: 

Fig. 2-2 

If the receiver is not properly focused, how-
ever, the pattern will be blurred all over, like this: 

Fig. 2-3 

If you're not sure just what it is that isn't 
focused in the receiver, don't worry about it now. 
We'll get to that presently. But we're all fa-

miliar with the blurred effect that we get in photo-
graphs when the camera is not focused on the 

object. The result of bad focus is just about the 
same in a television picture. 

The Test Pattern. — This is as good a place 
as any to introduce the test pattern, and why we 

use it for checking picture quality instead of 

using Milton Berle or the wrestlers of Fig. 2-1. 

Each television broadcasting station has a 

test pattern that it broadcasts at certain hours 

for the purpose of helping service men to adjust 
receivers properly. There are many such test 
patterns in use, and we shall illustrate only a 

few in this entire course. But they are all sim-

ilar in one respect. They are carefully designed 

to show up each of the various possible picture 
defects as clearly as possible. 

Take the matter of focus, for instance. If our 

receiver is bringing in those wrestlers thrashing 
about on a mat, there is practically no part of the 

picture that stays in one place long enough for 
us to decide accurately just when we have the 
best focus. Also, it is difficult to check focus if 

the details of the picture are large, or blend into 
each other instead of being sharply defined. 

On the other hand, the test pattern stands 
docilely still while we examine it, it has both 

large and small details, and it has sharply de-
fined border lines between black and white areas. 

Under these conditions, we can make more pre-
cise adjustments of the set than would be possi-
ble if we used a moving scene. 

Proper Synchronization.— It practically goes 

without saying that the picture as a whole is 
supposed to stay still on the screen. We said in 

Lesson I. that when the picture moves vertically 

across the screen, it is usually because of a faulty 
adjustment of the vertical sync control. And we 

showed a photograph of the distortions or tearing 

of the picture that result from faulty or insuf-
ficient horizontal sync. These, we shall find, 
are adjustable from the front panel of the receiver 

in most sets and the customer himself must be 
taught how to make the adjustment. 

Noise and Interference. — The modern televi-
sionreceiver is a relatively sensitive and complex 
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instrument. It will pick out of the air just the 
television signal we want, and reject those from 
all other stations. It will, that is, if the instal-

lation has been properly made and the receiver 
properly adjusted. But there are other kinds of 

signals floating through the air that we definitely 

don't want in our receiver, but some of them do 
manage to sneak by in spite of us. 

There is, for instance, the kind of random 

signal we call noise. In a sound radio, it would 
show up as a scratchy noise coming out of the 
loud speaker. In television, it shows up when 
the desired signal is too weak to override the 
"noise", and appears as snow, like this: 

• 

Fig. 2-4 

Sometimes the wanted signal will be received 
twice — once directly, and once after it has been 

reflected by some big building. The result is a 

ghost, or multiple image showing on the kine-

scope. We showed a picture of this phenomenon 
in Lesson I. 

Automobile ignition systems, amateur radio 
transmitters, diathermy machines and a variety of 
other devices send out signals which appear in 

characteristic and annoying ways on the tele-
vision screen. 

All such unwanted signals that get through to 
the kinescope are referred to as interference. It 
is not always possible to eliminate them com-

pletely, or at all times. But there are precautions 

that can be taken to minimize them to a point 
where they don't cause active annoyance to the 
the customer. A few examples are as follows: 

Fig. 2-5-a Ignition noise. 

Fig. 2-5-b R-f interference. 

Fig. 2-5-c Diathermy interference. 

1-8 

There are also forms of interference that 
originate within the set itself. If the sound signal 
somehow gets into the video system, for instance, 

it shows up as light and dark horizontal bars 

moving across the screen. These sound bars, as 

they are called, can appear when the fine tuning 
control is slightly out of proper adjustment. The 
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customer must therefore be shown how co tune the 

the set properly — another job for the installer, 

which we'll get to presently. 

Size and Aspect Ratio. — Turn back to Fig. 

2-2, and you will notice that the NBC test pattern 
shown there has two large concentric circles — 

a white one with its top and bottom clipped off, 
and a black one inside it. When the size of the 

picture is properly adjusted, both vertically and 
horizontally the white circle will just touch the 

sides of the picture, and the black circle will just 
touch the top and bottom. When this is done, the 
picture will not only be the proper size, but it 

will also be properly proportioned. 

The relation of the width to the height of the 

picture is called the aspect ratio. It is set by 
the FCC standards at 4/3 — that is, the width of 

the picture is 4/3 of its height. This ratio was 
chosen because it happens to be pleasing to the 
eye, and because it is the same as that used in 

motion picture films — which are often televised. 

What is more important to the service man, 
however, is the fact that the broadcasting station 
transmits a signal for a picture having a 4/3 

aspect ratio. Therefore the picture on the kine-

scope must have the same aspect ratio. Other-
wise, the shapes of objects in the picture will be 
distorted, appearing either too fat or too thin. 

This is easily seen in the test pattern by 

looking at the black circle, because any departure 
from a true circle is easily detected by the eye. 

The test pattern shown below is too wide. 

Fig. 2-6 

Linearity.— A similar distortion can be caused 
by a faulty adjustment of the linearity control. In 

such a case, however, the circle not only appears 
stretched out, but its center is shifted toward one 

side or the other, so it appears egg-shaped rather 

than oval, thus: 

Fig. 2-7 

Don't worry now if you don't understand why 

these distortions take place in the receiver, or 
why they are called by the names we use. In due 
course such things will be explained. In the 
meanwhile, just realize that you don't have to 

know all about how television works in order to 
do a good installation job. You do, however, have 

to know what picture defects to look for, and what 

to do to correct them. In this section, we are 
showing you what to look for. In this and the 
next few lessons you will be told how to correct 

the faults. 

Brightness and Contrast. — It might be well to 
point out right here that once you have left the 

customer's home, he is going to have the job of 
operating the set himself. A television set is not 

difficult to operate, if you know how. It is, how-
ever, a little more involved than a sound radio. 

It is therefore part of the installer's job to make 

sure that the customer knows how to manipulate 

the controls. No matter how good a job you have 
done on the installation, if the customer doesn't 
know how to make the picture stand still, or how 

to adjust the brightness of the picture so it is 

pleasing to look at, your work will have been 
practically wasted. The two controls the customer 
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uses to adjust the quality of the picture are the 

brightness control and the picture control (also 
called the contrast control). We will discuss the 
proper use of both in some detail later in this 
lesson. 

Signal Needed for Good Picture. — Now that 

we have discussed the standards by which we 
judge picture quality, let us consider how we ob-
tain this' good picture" we've been talking about. 

The first requirement is that a strong, clean 
signal be delivered to the receiver terminals. 

That statement bears a little examination. By 
"strong", we mean a signal that not only has 
enough amplitude to operate the circuits in the 
receiver, but is strong enough to override the 
noise that invariably comes along with it. It must, 

in other words, have a high signal-to-noise ratio. 
Otherwise, the result is a snowstorm like that 

shown in Fig. 2-4. 

Incidentally, it is possible to get too strong a 
signal. In such cases, it is necessary to take 
special steps to weaken the signal. Otherwise it 

overdrives the receiver, and the picture is liable 
to look like this: 

Fig. 2-8. 

By "clean", we mean that there should be a 
minimum of interference, ghosts and multiple 
signals. It is not always possible to achieve 

this goal as closely as we might like, but a care-
ful installation job can often go a long way to-
ward it. 

Now consider those words "delivered to the 

receiver terminals". No matter how strong and 

clean the signal is across the antenna, if it 
doesn't get to the receiver terminals, it will not 

produce a good picture. A large part of this 
course is going to be concerned with the me-
chanics of installing television antennas so they 

will stay put. You might, from this apparent em-
phasis, get the idea chat the antenna installation 

was the really important job, and that the re-

ceiver would more or less take care of itself. But 
don't lose sight of the fact that the only reason 
for the antenna — and the transmission line — is 
to deliver that strong,clean signal to the receiver 
terminals. That is what you must supply in order 

to get a good picture on the kinescope. And that, 
in turn, is what i takes to niake a satisfied 
customer. 

Summary, and Where We Go From Here. — So 
far, we have pointed out the end objective of 
every receiver installation — customer satis-

faction. We have shown that this requires a good 
picture, and we've defined the standards by which 

we judge picture quality. And we've shown that 
to achieve a good picture, we need a strong,clean 
signal at the receiver terminals. 

In the remainder of this lesson, we want to 
give you a kind of preview of how your daily work 
fits into these requirements. First, we'll discuss 
the roles played by the various sections of the 
receiver, by the antenna, and the transmission 
line, and making it into a picture on the custom-

er's kinescope. In doing so, we shall tell a little 
about what goes on inside that kinescope. Then 

we'll take a quick trial run through the job 

of installing a iypical receiver and its antenna. 

There's a lot more to both jobs than we could 
possibly cover in this lesson, but this is just to 

give you the bare framework of the body of in-
formation you will soon be expected to have at 
your fingertips. In later lessons, we will fill in 
the holes with specific details of the installation 
technique. 

THE RECEIVING SYSTEM 

2-3. Now let's take a look at the receiving 

system. First we shall consider what the tele-
vision 3ignal consists of, and then how it is re-
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ceived. This is where you come in, for it is your 

job to see that the signal is received properly, 

and thus make the customer satisfied. 

The Television Signal. — You will remember 

from Lesson 1 that the television signal is in 
two parts — the picture signal and the sound 

signal (or voice as the customers usually call it). 
Both are radiated from the transmitting antenna of 
the television broadcast station as very high fre-

quency electromagnetic waves. We'll say a little 

more about the physical nature of the waves in 
Sec. 2-5, but for now let's concentrate on several 

important facts: 

(1) Both the sound and picture signals travel 
through space as a radio wave from the trans-

mitter antenna, horizontally in all directions. 
Although the sound and picture signals from a 
television broadcast station do not contain the 
same frequencies, their frequencies are so close 
together that the same antenna picks up both at 

the same time. Naturally the customer expects 
to get good sound along with a clean, clear 

picture. 

(2) The amount of energy in the radiated 

picture signal is made to vary in accordance with 
the information to be transmitted. As a result, the 
picture signal carries all the information that is 
needed at the receiver to reproduce an excellent 
picture on the screen of the picture tube. This in-
cludes the details of picture information in the 

image, synchronizing pulses to control the timing 

of the receiver scanning circuits, and the blanking 
pulses needed to blank out the beam during the 

return time 

(3) A small part of the total energy radiated 

from the transmitter can be intercepted at a dis-
tance from the transmitter by means of the an-

tenna at the receiver. The further the receiving 
antenna is from the transmitter, the weaker the 
signal, since its strength decreases as it travels 

away from the transmitter. There is a normal 
service area, surrounding the transmitter, where 

you can expect to have the amount of signal 
needed to provide a good picture and good sound. 

Normally this is about 50 miles. If you are in the 

fringes of this service area, it will be more diffi-

cult to get enough signal and you probably will 
have to install an elaborate antenna in order to 

pick up sufficient signal for the receiver. 

The television signal is radiated by each 
broadcast station within its own assigned channel. 
As listed in Lesson I, there are 12 channels 
available now for television broadcast stations, 

each with a band six megacycles wide. For in-

stance, the signal broadcast by a station using 
Channel 4 contains practically all frequencies 
between the definite limits of 66 mc and 72 mc — 
but none higher or lower. The 6 mc band for each 

channel includes the picture signal and sound 
signal for each station. The sound signal is in-
cluded in the upper half megacycle in each 
channel, and the picture signal in the remaining 
frequencies. 

Usually there are many stations broadcasting 
at the same time, so that the antenna picks up 

signals from all stations on the air — and in many 
cases interfering signals that we definitely do not 
want from other sources. However, the receiver 

can tune in to the desired channel to receive the 
desired picture and sound signals, selecting this 
from all other signals. 

The picture signal not only has the picture 
information corresponding to the image we want 

to see, but includes the blanking pulses and syn-
chronizing pulses as a part of the picture signal. 
Because of this, you have to pick up enough 
picture signal to produce good synchronization so 

that the picture will hold steady on the screen. 
Normally, there is good synchronization when 

there is enough signal for a clean picture without 
snow. 

Relation of Receiver, Antenna and Trans-
mission Line. — We have stated that the energy 

in the television signal is radiated outward hori-
zontally from the transmitting antenna. That 
means that some signal exists at any given point 
in space. So why can't the receiver pick up this 
signal directly, without the help of an antenna? 

We could write a complicated answer to this. The 

simple fact is that the antenna may be considered 
the part of the receiver whose function it is to 
pick up from the air the signal that we need to 

operate the rest of the receiver. 

The matter of where to locate the antenna de-
pends on how we can best pick up signal for the 
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receiver. If we can get good results with an an-

tenna built into the receiver cabinet, or an indoor 

antenna near the receiver, or an antenna mounted 

outside the window, that's the kind of antenna 

we'll use. 

However, the signal strength is often greater 

at some distance above the receiver itself, so we 

can intercept more signal energy if we put the 

antenna up on the roof. In many cases, therefore, 

it is necesSary to use a roof antenna so that there 

will be enough signal at the receiver for good 

results. 

This brings us to the need for a transmission 
line. Remember, the important thing is to get 

that strong, clean signal applied to the receiver 

terminals. The transmission line is simply the 

connecting link whose function is to carry the 

desired signal from the antenna to the receiver 

with as little loss as possible. 

THE RECEIVER, AND HOW IT WORKS 

2-4. Now that we have a more definite idea 

of what the television signal is like, let us ex-

examine what it is supposed to accomplish in the 

receiver. The receiver is a complex device, but 

its major sections are relatively few. We can 

show their relation to each other by a simple 

block diagram like this: 

receiving 
antenna 

transmission line 

r- f tuner 

ond 

converter 

picture 

circuits 

sound 

circuits 

loud 

speaker 

deflection 

sechronizing 

circuits 

Fig. 2-9 

• picture tulle 
or kinescope 

We see that the antenna and transmission line 
feed the received signal into the input of the 

r-f tuner. The sound signal is then separated 

from the picture signal, and each is applied to 

the appropriate part of the receiver. We shall 

concentrate for now on the picture signal in 

the receiver. 

We won't be able to explain now how all the 
circuits work. Fortunately, that won't be neces-

sary to enable you to do your job well. A member 

of an installation team, however, must know 

enough about the receiver to understand the oper-

ation of the various controls, and how to adjust 
them to obtain the best possible reception. 

The heart of a television receiver is the pic-

ture tube, or kinescope. This is where the picture 

finally appears. Everything else in the receiver 

is there to enable the kinescope to function. So 

let us examine first how the kinescope works. 

The Kinescope. — A typical kinescope looks 

like this: 

Fig. 2-10 
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It is an evacuated glass tube, with an electron 
gun in the narrow part, and a fluorescent screen 

on the large glass face at the front. 

Operating Principle of the Kinescope. — The 
function of the electrpn gun in the narrow neck 

of the tube is to furnish a continuous supply of 
electrons — infinitesimally small particles, each 

carrying an electric charge — and form them into 
a stream directed at high velocity toward the 

fluorescent screen at the other end of the tube. 
The screen is a coating on the inner surface of 

the front face of the tube. The screen glows 
wherever the electron stream strikes it — brightly 

if there are many electrons in the stream, dimly 
if there are fewer electrons. 

The stream of electrons — which may be 

thought of as similar to the stream of water parti-
cles from a hose, or of bullets from a machine 

Ion trap 
coil magnet 

gun — is called the beam. The beam is made to 

move rapidly across the screen in a zig-zag 
pattern, as explained in Lesson 1. In doing so, 
it covers in rapid succession every point on the 

screen that is included within the picture area. 

This rectangular area of the screen covered by 
the moving beam is called the raster. 

Deflection Yoke. — The beam is caused to 
move in the proper manner across the screen by 

the action of a varying magnetic field. This field 

is set up by varying currents that flow in coils 
placed around the neck of the tube. There are 

four etch coils, but they are mechanically fasten-

ed together in a single doughnut-shaped unit 
called the deflection yoke (or just plain yoke), 

through which the tube is passed. Two of the 

coils control the vertical motion of the beam, 
while the other two control its horizontal motion. 

Externa/ conductive 
coating 

Anode 
connection 

Focus 
coil 

Deflection 
yoke 

Fig. 2-11 
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When current flows in the deflection coils, the 
electron beam is bent, or deflected, from the 

position it would otherwise take. If the current 

is made to vary in just the right way, the amount 
of this bending also varies in such a way that the 

beam traces out the raster on the screen, like a 
brush moving with successive horizontal strokes 

down a wall. 

The Focus Coil. — The electron gun forms the 

electrons into a beam, but it does not, by itself, 

make the beam concentrate on a small spot at the 
screen. This is accomplished by another magnetic 

field, furnished by the focus coil, also placed 
around the neck of the tube. Without it, the elec-
tron paths would diverge so much that the beam 
would cover too large an area of the screen at one 

instant. The result would be like that of an artist 

trying to paint a finely detailed picture with a 
big brush suitable only for painting barn doors. 
The focus coil bends the paths of the individual 

electrons so that they all converge on the same 

point on the screen. Thus they produce a small, 

sharply defined spot of light, instead of a blurred 

smear. 

The kinescope, with the deflection yoke and 

focus coil in place, is shown in Fig. 2-11. 

Also shown in this picture is something called 
the ion trap magnet. To explain what this is for, 

we'll have to go back and examine the electron 

gun a little more carefully. 

The Electron Gun.— The electron gun consists 
of several cylindrical electrodes. In cross sec-

tion, they would look something like this: 

hector control grid 

occolorating anode / 

Fig. 2-12 

The cathode is coated with a material that is 
an efficient source of electrons when it is heated. 

When a source of electrical power is connected 

to the ends of the heater inside the cathode, the 

cathode emits electrons from its surface. 

The electrons are attracted toward the ac-
celerating anode by a voltage applied to it. But 
to get there, the electrons must pass through a 

small hole in the grid, which completely sur-
rounds the cathode except for that small hole. 

Many of the emitted electrons pass through the 
hole in the grid, and thus are formed into a beam. 
By the time they get near the anode they are going 

so fast that they pass right through it, and so are 
propelled toward the screen. 

The Ion Trap. — Unfortunately, the electron 
gun also sprays out some much larger particles — 
negatively charged ions — which can damage the 
fluorescent coating on the face of the tube if 
something is not done to remove them. This 
damage usually shows up as a brown spot perma-
nently burned into the center of the screen. This 
is called an ion spot, and is why we need an ion 

trap. 

The trap works on the principle that the 
heavier ions are not deflected by a magnetic field 

as much as the lighter electrons. The beam from 
the cathode, containing both ions and electrons, 
is aimed at such an angle that neither kind of 

particles would hit the screen. But the ion trap 

magnet is placed around the neck of the tube, in 
just theright position relative to the electron gun, 
so that its magnetic field bends the stream of 
electrons back into line to reach the screen, while 
the heavier ions are allowed to strike a surface 

installed in the gun to trap them. 

In the older receivers, the ion trap magnet was 

an electromagnet with two coils, and it is so 

shown in Fig. 2-11. Current models, however, 
employ a permanent magnet. It is ring-shaped, 
and slips over the narrow neck of the tube. The 

front of the magnet is usually indicated by an 
arrow pointed toward the screen. When it is set 
in exactly the right position, the screen attains 

its maximum brilliance. This adjustment is very 
critical. If the magnet is even a little off, no 
electrons will reach the screen and no light will 

appear on it. 

High Voltage Anode.— Refer back to Fig. 2-Il, 

and you will notice z terminal on the back of the 
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large bulb of the tube, marked " anode connec-

tion." This is connected to a conducting coating 

on the inner surface of the tube. This coating 

forms a second accelerating anode. It is supplied 

with a high voltage — several thousand volts — 

that gives the electrons in the beam the finalhigh 

speed needed for a bright picture. Remember that 

the beam moves so rapidly across the screen that 

it stays on any one spot only a fraction of a 

millionth of a second. In order to cause the fluo-

rescent coating to become luminous in that brief 

time, the electrons in the beam must be given ,a 

terrific velocity. This velocity is imparted by 

the high voltage on the inner conducting coating. 

The outer conductive coating shown in Fig. 

2-11 is not the second anode. It is merely 
grounded to the chassis. (In metal envelope 

tubes, the metal envelope itself is the second 

anode.) 

So far, we have a find)/ focused, high velocity 

beam, with ions removed, sweeping in just the 

right way across the kinescope screen. But we 

still don't have a picture — only the raster, show-

ing as a luminous rectangle. 

accelerating anodes 

focusing 
cathode 

filament 

intensity — the number of electrons that are per-

mitted to get through the hole in the grid and 

reach the screen. This varies the brightness of 

the spot as it sweeps across the screen. When 

the camera beam covers a light spot, the trans-

mitted signal causes the kinescope grid to let 

more electrons through, and the screen glows 

brightly. And when the camera beam covers a 

dark spot, the signal reduces the number of elec-

trons in the kinescope beam, and makes the 

screen glow dimly or not at all. In this way, the 

kinescope beam traces out a duplicate of the light 

and dark areas scanned by the camera beam. 

It might be well to mention here that the kine-

scope screen is not black. It is white, or nearly 

so. There is no beam of " black light" to make 

part of the white screen dark. The " black" 

areas of the picture merely look that way by con-

trast with the luminous or " white" parts. 

We can summarize all that we have said about 

the structure and operation of the kinescope by 

the following cross section drawing, in which we 

have represented each of the parts we have 

discussed: 

coi/ 

beam 

grid 
ion- trap 
magnets deflection 

yoke 

Fig. 2-13 

Modulating the Beam. — We obtain the picture 

by applying the video signal to the grid of the 

kinescope. Remember that the video signal is an 

electrical signal that varies in accordance with 

the light and dark areas of the scene being 

scanned by the camera beam. Applied to the 

kinescope grid, it varies or modulates the beam 

high voltage 
terminal 

Now that we have a notion of what goes on 

inside the kinescope, we are in a better position 

to consider the functions of the other sections of 

the receiver. Let's keep in mind the reason for 

all this explanation. It is the job of the installer 

to adjust a number of controls, and to instruct the 

customer in the use of others. If he understands 
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clearly just what each control does to the kine-
scope, he is pretty likely to do a better job of 
both adjusting and instructing. 

Associated Circuits. — Suppose we re-draw 

our block diagram of the receiver, in the light of 
what we have just learned about the operation of 
the kinescope. We would find it now looks some-

thing like this: 

receiving 
antenna 

transmission 
line 

(5) The r-f tuner and converter, to select the de-
sired station and convert its signal into a form that is 
usable by the receiver; 

(6) Two power supplies, to supply the power re-
quired to operate all the circuits. 

Poo 
LA--1 

The Controls. — There are two groups of con-

trols that affect the operation of these various 

circuits: ( 1) the operating controls, located on 
the front panel of the receiver, which the cus-

circuits 

for forming 

the beam 

circuits for 

deflection and 

synchronization 

r-f tuner 

and 
converter 

circuits for 
controlling the 
intensity and 
modulation of 
the beam 

Fig. 2-14 

Let's go over this diagram, and see what volt-

ages, currents and signals mus: be supplied to it. 

Remember that each of these presents a possible 
need for an adjustment or control with which you 
must be familiar. 

To cause the cathode to emit electrons for the 
beam, we must first, of course, supply power to 

the heater. That done, we find the following 
groups of circuits are needed to operate the tube: 

(1) Circuits for forming the beam, to supply the 
voltages for the accelerating anodes, and the current 
for the focus coil, 

(2) Circuits for deflecting the beam, to supply the 
currents for the deflection coils, 

(3) Circuits for synchronizing the beam, to insure 
that the kinescope beam scans the raster in exact step 
with the camera tube beam. This the circuits accom-
plish by taking the sync pulses from the video signal, 
and applying them to the deflection circuits; 

(4) Circuits to supply the kinescope grid with the 
video signal, blanking pulses, and a voltage needed to 
regulate the brightness of the picture, it, order to con-
trol the intensity and modulation of the beam; 

POVIII 

supplies 

low high 
voltage voltage 

tomer manipulates in normal use of the set; and 
(2) the set-up controls, which you adjust when 

installing the receiver. They are located on the 
chassis but out of reach of the customer. 

There are seven operating controls: 

(1) The OFF-ON switch, which turns on the power 
to all circuits, and also acts as a VOLUME control 
for the sound, just as in an ordinary AM radio receiver. 

(2) The STATION SELECTOR, to select the de-
sired channel. It operates by switching in the proper 
section of the r-f tuner. 

(3) The FINE TUNING control, to adjust the tuning 
more precisely than can be done with the station 
selector. 

(4) The VERTICAL hold control, which adjusts 
the vertical synchronization to keep the picture steady 
on the screen. 

(5) The HORIZONTAL control, which regulates 
the horizontal synchronization to keep the picture from 
"tearing". 

(6) The BRIGHTNESS control, to set the brilliance 
of the picture. It does this by regulating a steady 
voltage applied to the kinescope grid. 
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(7) The PICTURE control (or contrast control).to 
regulate the amplitude of the video signal applied to 
the kinescope grid. 

The set-up controls are both more numerous 

and more complex. Their adjustment will be 

taken up in Lesson 3. But just to give you an 

idea, here are some of the things they regulate: 
beam focus, height and width of picture, center-

ing of picture, horizontal synchronizing circuits, 

and vertical and horizontal deflection circuits. 
Before we get to these let's go back to the re-

ceiver sections shown in Fig. 2-14, and consider 
how they affect the installer's job. 

Electrical Connections to Kinescope. — When 

you place the kinescope in the receiver chassis, 

the tube prongs fit into a socket through which 
circuit connections are completed to the heater, 

cathode, grid and accelerating anode of the 
electron gun. 

An a-c voltage of 6.3 volts supplies the heater 

power, which in turn heats the cathode to the 
temperature at which it emits electrons. A re-
latively low direct voltage — 330 volts — applied 
to the anode (sometimes an accelerating grid) in 
the electron gun itself is sufficient to start the 

beam electrons on their way. A much higher volt-
age, however, is needed on the inner conducting 

coating to give brilliance to the picture. The in-
tensity of the beam is controlled by a voltage ap-

plied to the grid. Still another d-c voltage applied 
to the focus coil produces the current that sets 

up the magnetic field to focus the beam. 

The ion trap magnet requires no electrical 

connection. The focusing coil and the deflection 
yoke are already connected in the receiver chassis. 

FOCUS control 
d- c voltage 

high voltage lead 

+8500 y 

BRIGHTNESS control — 

One more supply connection has to be made — 

the high voltage lead must be connected to the 
high voltage terminal on the kinescope. There 
are two separate power supplies. The high volt-
age supply furnishes the voltage for the high 

voltage terminal on the kinescope. The low 

voltage supply furnishes all other voltages re-
quired by the set. 

The high voltage of several thousand volts is 

dangerous! Do not mess around with the high 

voltage connection while the power is on. 

Beam-Forming Controls. — When the power 

plug is connected to the 110 to 120-volt a-c line, 

and the power switch turned to ON, the kinescope 
should work. 

There are two controls directly affecting the 

beam-forming circuits, shown in Fig. 2-15. 

The BRIGHTNESS control is connected to the 
cathode of the kinescope in such a way as to set 
the voltage between the cathode and grid. This 
voltage is connected in such polarity that an in-

crease in the voltage results in a decrease in 
brightness. 

The focus control varies the amount of cur-
rent flowing in the focus coil. This sets the 

strength of the magnetic field that determines the 
amount of bending of the paths of the individual 
electrons in the beam. This, together with the 

position of the focus coil on the neck of the tube, 
determines the point at which the beam will focus. 

In practice, the coil's position is set as accu-
rately as possible first, and then the focus con-

trol is varied for a fine adjustment. 

+ 330 v 
d-c voltage 

Beam Forming Controls 

operating control ( on front panel) 

BRIGHTNESS control 

set-up control ( on receiver chassis) 

FOCUS control 

Fig. 2-15 
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Deflection and Sync Controls. — The voltages 

and currents required to deflect the electron beam 
are supplied by the deflection circuits in the re-

ceiver. These contain two separate deflection 

generators, one to move the beam vertically, and 

one horizontally. These generators are kept in 
exact step with the signal by means of the sync 

pulses transmitted with the picture information. 
The sync pulses are separated from the rest of 
the composite video signal by the sync sepa-

ration circuits in the receiver. Then the vertical 
sync pulses are separated from the horizontal 
sync pulses, and each is applied to the appropri-
ate deflection generator. This is shown dia-

gramatically thus: 

_l horizontal 
deflection 

circuits 

horizontal 

sync 

circuits 

vertical 

deflection 

circuits 

sync 

separation 

circuits 

picture 

channel 

that will most easily fall into step with the sync 
pulses applied to it. When they are so set, the 

effect is to hold the picture in place, preventing 
it from moving up and down the screen, or being 

distorted horizontally. 

The operating controls will function properly 

only if the set-up controls are properly set. While 

the names and locations of these controls may 
differ somewhat on different models of receivers, 

in general they are listed in Fig. 2-16. 

Beam Intensity and Modulation Controls. — 

The two controls that directly affect the beam 

intensity are the BRIGHTNESS control and the 
PICTURE control. Both are operating controls. 

vert col 

sync 

circuits 

Fig. 2-16 

The circuits that accomplish all this are fairly 

complex. Again, however, it is not necessary for 
the installer to know just how they work. It is 

necessary only that he know which controls are 
to be adjusted when putting the set in operation. 

There are only two operating controls affecting 
the deflection and sync circuits. These are the 
HORIZONTAL hold control and the VERTICAL 

hold control. What each of these controls does 

is to regulate the frequency of the corresponding 
deflection generator, setting it at a frequency 

Deflection and Sync Controls 

operating controls (on front panel) 
HORIZONTAL HOLD 

VERTICAL HOLD 

set-up controls ( on receiver chassis 
horizontal centering 
vertical centering 
width 

height 
horizontal linearity 
horizontal drive 

horizontal oscillator frequency 
horizontal oscillator waveform 

vertical linearity 

We have already referred to the BRIGHTNESS 

control. When no picture signal is being received, 
this regulates the total illumination or brightness 

of the kinescope screen. It does not depend on 

the picture signal for its operation. But when a 
picture signal is applied, the BRIGHTNESS con-

trol regulates the average brightness of the 

picture. 

What the PICTURE control does is to regulate 
the amount by which the maximum brightness of 

the spot is reduced by the " black" parts of the 
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picture signal. In most sets, this is accomplished 

in the intermediate-frequency section of the pic-

ture channel. The PICTURE control varies a 
voltage that regulates the amount by which the 

picture signal is amplified in this section. With-
out amplification, it would be too weak to have 
any appreciable effect on the beam intensity. The 

signal is amplified some mote in the video ampli-
fiers; these circuits follow the video detector. 

where the video signal is recovered in its original 

form. 

The effect of the PICTURE control is to alter 

the contrast between the lightest and darkest 

parts of the picture. For this reason, it is some-
times referred to as the contrast control. 

Note carefully, however, that the BRIGHTNESS 
and PICTURE controls must be adjusted together. 

For instance, if the BRIGHTNESS control is 

turned up,the contrast seems to become less. For 
the same apparent contrast with the brighter 
picture, it would be necessary to turn up the 
PICTURE control too. The reason for this is best 
explained by a simple illustration. If you are in 

a room lit by a hundred lighted candles, you can 

blow out two of them and hardly notice the differ-
ence. But if only three candles had been burning 
in the first place, and you blew out two, the 
difference would be considerable. The eye thus 
senses changes in illumination relative to the 
light already present. 

On some models there is one more control that 
affects the picture channeL It is the ACC Thres-

hold Control. When properly adjusted, this control 
sets the level at which the automatic gain control 

operates to prevent sudden changes in picture 
contrast when the received signal strength at the 

antenna changes. If you have ever seen a tele-
vision picture flicker on the screen as the signal 
fades in and out because of airplanes passing 

nearby, you will appreciate the value of AGC in 
the receiver to minimizé this airplane flutter. 

Another value of AGC is when changing from one 
station to another of different signal strength. 

The Sound Channel. — Up to now, we have 

neglected the sound signal while trailing the 
picture signal through the receiver. The audio 
signal applied to the loud speaker is the output 
of a sound channel whose circuits are not much 

different than those of a standard frequency-mod-
ulated broadcast receiver. The sound signal is 

separated from the picture signal in the earlier 
stages of the intermediate-frequency amplifier 

circuits. Then it passes through the sound inter-
mediate-frequency amplifiers, the sound detector 

and the audio amplifier, in that order, 

On most sets, there is only one sound channel 

control — the SOUND control. This is nothing 
more nor less than our old friend the volume con-
trol of the broadcast radio receiver. It presents 

no problems to either the installer or the cus-
tomer. On some television receivers, it is mounted 

on the same shaft with the OFF-ON switch. Also, 

some TV receivers have a TONE control, but its 

adjustment is purely a matter of customer pre-
ference. 

R-f Tuner and Converter. — The television 
signals received at the antenna and carried to the 

receiver by the transmission line are applied to 
the input terminals of the head-end, or front-end, 
of the set. This is usually a separate sub-

chassis, containing the r-f tuner and converter. 

The term r-f tuner is probably fairly familiar, 
and its meaning fairly obvious. It is a device 
that can be adjusted to enable the receiver to 
select, or tune in, one band of radio-frequency 
signals, and suppress all others. The word con-
verter, as we are using it here, can stand a little 

explaining. 

In general, a converter, as applied to radio 
and television, is an electronic device, usually 

containing one or more vacuum tubes, that can 
convert an r-f input signal to a different frequency. 

It does this by actually generating the new fre-
quency, and then suppressing the original fre-
quencies by means of a tuned circuit in its out-
put. If the input is a band ot r-f signals, then 

the output will also be a band of frequencies, 
each frequency differing from an input frequency 

by some fixed amount, but the entire output band 
having the same bandwidth as the input. Thus, 

if the input contains frequencies between 60 and 

66 megacycles, the output might contain the fre-
quencies between 21 and 27 megacycles. 

The converter in a television receiver consists 
of an oscillator and a mixer. Never mind now just 
how they work. Just remember that they work to-
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gether to convert the band of input radio-frequen-
cies to a band of lower frequencies — the inter-

mediate-frequency, or i-f band. To be more exact, 
it produces two i-f bands, one carrying the video 

information, and one carrying the audio. These 

i-f bands are the signals that are fed to the pic-

ture channel and sound channel in the receiver 
respectively. 

In addition to the converter and the r-f tuning 

coils, the head-end assembly usually contains an 
r-f amplifier, which steps up the signal fed to the 

converter, and separates the wanted signal from 

the unwanted signals. 

This has been a. bit of a digression from our 
main point of tuning controls. But as long as 
you are going to hear the word "converter" used, 
you might as well know what is being converted 
into what. 

There are two tuning controls on a television 
receiver. These are the CHANNEL SELECTOR 

and the FINE TUNING control. Both are oper-

ating controls, located on the front panel of the 
receiver. 

The CHANNEL SELECTOR switch enables 

the customer to pick the particular station he 
wants to see and hear. It differs from a broad-

cast radio tuning control in that it does not permit 

continuous tuning over the entire television band 
— it just tunes to the channels in use, like a 

radio receiver with push-button tuning. 

In television, however, tuning must be much 

more precise than in sound radio. Therefore an 
additional control, the FINE TUNING control, is 
provided to enable the customer to shift the tuning 

of a particular channel continuously over a very 
narrow range, in order to get the station tuned 

in exactly. 

There are a number of alignment adjustments 
that affect the tuning section of the receiver. But 

if the receiver has been properly adjusted at the 

factory, which it almost always is, these do not 
have to be touched by the installer. !n fact, you 
should never try to align the set in the customer's 

home, even if you think it needs it. That is a job 

for the technicians in the shop. Therefore, so 

far as the installer is concerned, there are no 
set-up controls for the r-f tuner and converter. 

These is one exception to this — an oscillator 
adjustment that may occasionally be made, and 
which will be discussed in Lesson 3. 

FUNCT ION OF THE RECEIVING ANTENNA 

2-5. We've gone to some pains to emphasize 
that the important thing in an installation job is to 

deliver a strong, clean signal to the receiver 
terminals, in order to get a good picture on the 
kinescope. In so doing, we hope we've put over 

the idea that the antenna is an accessory to the 
receiver, and not the important thing in itself. 

This is true. But having made the point, we must 
now mention that the antenna is a very important 
accessory. 

The antenna is the device that literally picks 

the signal out of the air. If the antenna doesn't 
do its job well, that strong, clean signal can't get 
to the receiver terminals. So maybe we'd better 
take another look at this antenna business, and 

find out what makes the difference between a 
good antenna installation and a bad one. 

Let's start by considering how the signal gets 
to the antenna in the first place. 

Propagation of Television Waves. — You will 

recall that this was the title of one of the num-

bered sections of Lesson I. So some of this is 
likely to be review. Here are the fundamental 
facts to be remembered about the television 

signal: 

1. A very high frequency electric current 

flows in the transmitting antenna. It reverses its 
direction millions of times a second. This sets 

up a field around the antenna. A field is merely 
a region of space in which a force of some kind 

exists. Thus the space around the earth would 
be called the earth's gravitational field, since 

any body in it would experience the force of the 
earth's gravity. The field around ail antenna is 

an electromagnetic field. Its force would be ex-

perienced in some way by an electrically charged 

particle, such as an electron, or by all the elec-
trons in a conducting body. It differs from the 
gravitational field also in that it reverses its 

direction at the same frequency as the current in 
the antenna. Frequency is the number of com-

plete cycles, or series of values, that the current 
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goes through in a second. A megacycle is a 

million cycles. Thus, when we speak of a 50-

megacycle signal, we mean one that goes through 
50 million cycles every second. 

2. This alternating electromagnetic field 
exists not only right near the antenna, but at a 
great distance from it as well. But it takes a de-

finite length of time for the changes in the field — 

which changes constitute our television signal — 
to reach a particular point. These changes travel 

through space, out from the antenna, at the speed 
of light: 186,000 miles or 30'0,000,000 meters per 

second. (A meter is 39.37 inches.) This travel-
ling field of force, alternating its direction as it 
travels, thus moves as electromagnetic waves. 

3. The strength of the travelling field, or 
wave, or signal — for our purposes, we can con-
sider the three terms as different names for the 

same thing — diminishes as it gets further and 
further from the transmitting antenna. 

4. Electromagnetic waves consist of two com-
ponents — an alternating electric field, and an 

alternating magnetic field, at right angles to each 
other. If the transmitting antenna is horizontal, 

then the electric component of the wave is also 
horizontal, and the magnetic component is verti-
cal. Such a wave is said to be horizontally 
polarized. Hang onto this idea, for that is the 

kind of waves we deal with in commercial tele-
vision. We'll return to it in a moment. 

5. The transmitted television signal, or wave, 
follows approximately a line-of- sight path, out 

from the transmitter in all directions. Unlike 
lower frequency radio waves, it is not reflected 
from the upper ionized layers of the atmosphere, 

and it does no (except under very unusual con-
ditions) follow the curvature of the earth. 

6. Television waves, like radar waves, are 
reflected by objects in their path, much as light 

waves are reflected. Since the reflected tele-
vision wave travels a longer distance than the 
direct wave in getting from the transmitter to the 

receiver, it arrives a little later. The difference 
in time is only a few millionths of a second. But 

that is long enough to produce a second image, or 

ghost, as shown in Fig.. 1-22, of Lesson 1. 

7. Television signals, as we said in item 1, 

alternate millions of times per second, and we 

can therefore refer to the frequency of the signal. 

But the television signal has not just one fre-

quency but many, at the same time. This may not 
seem to make sense right now. If it doesn't, just 

take it on faith for a while. The signal from any 

one station, as we said in Sec. 2-3, has all the 
frequencies within a band six megacycles wide. 

8. Other electromagnetic radiating sources — 
such as automobile ignition systems, diathermy 

machines, amateur radio transmitters and thunder-
storms — may radiate waves containing some or 

all of the same frequencies as those of the tele-
vision station we want to tune in. These interfer-

ing signals, unfortunately, can be a major annoy-
ance to the television technician, for they can 
mar or even destroy the picture if strong enough. 

So much for the vital facts about this thing we 
call the television signal. Now let's relate them 
to our antenna installation problem. 

What the Antenna Does. — So far, our signal 

consists of a rapidly alternating field of electri-
cal force, travelling in waves out from the an-

tenna. These waves contain actual electrical 
energy. An antenna is simply a device that will 
catch a small bit of that energy, and convert it 
into a form we can use — a high frequency elec-
tric current. 

Essentially the receiving antenna is simply 

an electrical conductor to which the alternating 
electrical force of the radiated waves can be ap-

plied, causing a current to flow back and forth in 

it. Thus if a straight rod of copper is suspended 
in midair in such a way that the electrical force 
of the wave can act along its length, a current 
will flow in the rod. 

Remember we said in item 4 that the electric 
component of the wave is horizontal. So to get 
the most current in the rod, it too must be hori-
zontal. Also, the direction of the electric force 
is perpendicular to the direction in which the 

wave travels. So again, to get the most current 
in the rod, it must be broadside to the wave, as 
illustrated in Fig. 2-17. 

If the rod is pointed at the transmitting an-

tenna like a spear, the electric force of the wave 
does not act along its length, and practically no 

current is made to flow in it. 
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Fig. 2-17 

Even if current is flowing in the rod, it does 
us no good unless we can lead it to the receiver 

terminals. So we cut the rod in the middle, and 

attach a transmission line to the cut ends. We 
then have the simplest kind of television receiv-

ing antenna, called a dipole. 

Dipole Antenna. — A dipole antenna (or just 

dipole) is a metal rod cut in the center and suit-

ably mounted, like this: 

Fig. 2-18 

Subject to certain limitations, it will pick up 
television signals. As we have shown, it picks 
up the most signal when it is oriented so the 

electric forces act along its length. 

In addition, it picks up signals best at a 

particular frequency. This best frequency is 

determined by the length of the antenna. However, 

it will pick up signals fairly well at other fre-

quencies — which is fortunate for us, for other-
wise we'd have to have a separate antenna for 

position ot resolving 

antenna for inosiinent 

current 

direction of electric foredo 

of nova 

each television channel. The dipole picks up 
signals at frequencies higher than the " best 
frequency" more effectively than at lower frequen-
cies. Therefore the length of the dipole antenna 
to be used is determined by the frequency of the 
lowest television channel desired. 

Now let's turn to that matter of orientation — 
the position of the antenna relative to the direc-
tion of the station whose signals we want to 

pick up. 

Suppose we have a dipole antenna cut to a 
length that will pick up Channel 2 best, and it is 
mounted so it points East and West. We can re-
present the direction of its best reception for 

Channel 2 by arrows pointing North and South, 

thus: 

dipole 

picks up signal 

best from this 

direction 

picks up practically 

no signal from 
this direction 

picks up signal 

fairly well from 
this direction 

Fig. 2-19 
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The shorter arrows indicate other directions 

from which it will pick up signals, but not quite 

so well. 

However, this directivity pattern holds good 

only for signal frequencies close to the " best 

frequency" of the dipole& If the signal frequency 
to be picked up is considerably higher than this 

"best frequency", then the direction of the best 
pickup is no longer broadside to the dipole as 

shown in Fig. 2-19. A dipole cut for Channel 2 
would pick up only a small amount of signal from 

a high band station (Channels 7 to 13) located 

broadside to it. Instead, it would pick up higher 
frequency signals equally well from the four 
directions shown here: 

dipole 

direction of best 
pickup from higher 

frequency stations 

Fig. 2-20 

This characteristic can be helpful if the high 

and low-band stations desired happen to be lo-
cated in the directions of best pickup. But if the 
Channel 2 and Channel 9. stations, for instance, 
are both located in the same direction, the an-

tenna often cannot be oriented to pick up both 
stations well — that is, not unless we add some-

thing to the antenna. 

In such a case, we would add loading wings to 

the dipole, so it would look like this: 

Fig. 2-21 

With this addition, the antenna will pick up 
both high-band and low-band stations best from 

the broadside direction, and the directivity pattern 
of Fig. 2-19 will hold for all stations. 

This use of loading wings is just one example 

of the complications that frequently arise. We 
won't pursue the matter any further now. We just 

didn't want you to think that a simple dipole would 
always work satisfactorily. Things just don't 

work out that easy. There are many other ex-

pedients that can be used to meet special sets of 
conditions — and before you finish this course, 

you will be familiar with the directivity patterns 
and othersharacteristics of a fairly wide variety 
of antenna types from which you will have to 
select the one most effective for each job. 

GETTING THE SIGNAL FROM THE ANTENNA 

TO THE RECEIVER 

2-6. Back in our summary of how television 
waves are propagated, we said they could be re-

flected by objects, like light. It follows from 
this that those same objects can block off recep-
tion, just as a building blocks off sunlight, cast-
ing a shadow on the lower buildings around it. 
To avoid this cutting off of the television signal 
by surrounding buildings, hills and the like, tele-
vision receiving antennas are often mounted as 

high as possible — either on the roof, or on top 

of a tall mast. 

Since very few of our customers spend much 
time on their roofs, it is our job to lead the signal 

from the rooftop antenna down into the living room 
where the receiver is located. It might seem that 
any old piece of lamp cord would do for the pur-

pose, providing it were long enough. Unfortun-
ately, this just ain't so. At the frequencies used 
in television, electricity is very choosy about the 
path it follows, and misbehaves badly when the 

path we provide isn't just right. 

Indoor Antenne— This is a good opportunity 
to inject a note of optimism. There are many in-
stallations where it is not necessary to put up an 

outdoor antenna on the roof. If the receiver is 

located near enough to the broadcasting stations, 
and if reception isn't shadowed by nearby tall 

buildings, and if a number of other things, it may 
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be possible to get very satisfactory reception 
with an antenna located right in the living room. 
It may be on a convenient pedestal placed on top 
of the receiver, or hid under the rug. Or it may 
even be built right into the cabinet, which is the 
case for many receiver models. 

In any of these cases, the transmission line 
problem almost ceases to exist. But in many 
other cases, the rooftop antenna is a necessity. 
And for these cases we must use a suitable trans-
mission line, properly installed. 

What a Transmission Line Is. — We can't go 
into all the deep theory of transmission lines at 
this point. We just aren't ready for it. But we 
can indicate by means of a definition what we 
expect the transmission line to do for us in the 
way of discouraging misbehavior by the signal. 
Here it is: 

A transmission line is a system of electrical 
conductors with uniformly distributed character-
istics, designed to convey electrical energy from 
one place to another with as little loss and dis-
tortion as practicable. Tuck that definition away 
in your mind, for we'll refer back to several 
points contained in it. 

There are several kinds of transmission line 
commonly used in television receiver installation. 
The simplest, and the only one we shall consider 
in this lesson consists of two stranded copper 
conductors, embedded in a plastic insulating 
material so they are held in a uniform distance 
apart, thus: 

M111.11.111 _ 

Fig. 2-22 

This type is called parallel wire transmission 
line, or more commonly, simply twin lead. 

Transmission Line Characteristics. — Look 
back at that definition we gave at the beginning 
of this section, and notice those final words: 

as little loss and distortion as possible." 

Any transmission line will dissipate some of 
the energy fed into it, and deliver less at the re-
ceiver than it takes from the antenna. Naturally, 
we want to keep this loss as low as possible. 
The parallel transmission line ordinarily used has 
a few disadvantages. For instance, it can pick 
up interfering noises where local electrical dis-
turbances are bad. This is one of the cases in 
which it may be necessary to choose a different 
type of line. In installing the parallel wire line, 
it is very important to keep it away from other 
lines, conduits, metal surfaces and wet walls — 
any of which can "steal" energy from the line if 
they are too close, and so reduce the strength of 
the signal delivered to the receiver terminals. 

Impedance Matching. — So far as the ordinary 
kitchen-mechanic-electrician is concerned, if 
current flows into one end of a wire, the same 
current exists all along the wire, and comes out 
the other end. But this is another one of those 
things that doesn't hold true at television fre-
quencies. In order for all the signal in the trans-
mission line to come out at the receiver terminals, 
it is usually necessary to satisfy a condition 
called impedance match. Impedance, for those of 
you who may not know, is the opposition offered 
by an electrical device, line or circuit to the flow 
of an alternating current, such as our television 
signal. It is measured in ohms. 

Practically all receivers are designed for an 
impedance of either 72 ohms or 300 ohms at the 
signal input terminals. The parallel wire type of 
line has a characteristic impedance of 300 ohms, 
Let's skip over what "characteristic impedance" 
is for now. So far as we are concerned at present 
it means that if, for example, a transmission line 
with a characteristic impedance of 300 ohms is 
connected to a 300 ohm receiver input, the line 
will deliver all of its energy to the receiver and 
you will get the best signal. 

If this condition is not met — that is, if the 
receiver impedance and the characteristic im-
pedance of the line are not matched — some of 
the signal energy is reflected back up the line. 
Is this bad? Well, yes — just how bad depending 
on one other thing. If the reflected signal is 
strong, and encounters another mismatch at the 
antenna, it will be reflected back down the line 
to the receiver. 

We now have two signals arriving at the re-
ceiver, one lagging the other slightly, just as 



TELEVISION SERVICING COURSE. LESSON 2 
2-22 

when the radiated signal was reflected from a 

building to produce a ghost image on the kine-

scope, as explained in Lesson 1. The effect 

here is just the same, except that there may be 
several ghosts instead of just one, depending on 

how many times the signal is reflected up and 
down the line before it becomes too weak to 
affect the receiver circuits. This phenomenon of 

a ghost caused by mismatching of the transmis-
sion line is called line bounce or line reflection. 

Whether enough reflection takes place to cause 

the multiple images depends on the degree of mis-
match. To complicate things further, if the line 

and receiver are matched at one frequency, they 

may be mismatched at a greatly different fre-
quency. However, since the spacing of the multi-

ple images depends on the length of the trans-

mission line, they are not generally noticeable if 
the line is less than about 150 feet long. 

This is getting complicated, isn't it? Well, 

we've mentioned before that television isn't 
simple. But if you take the complications one 
at a time, and learn what to do to correct the re-
sulting difficulties, they shouldn't bother you 

too much. 

A TYPICAL INDOOR ANTENNA INSTALLATION 

2-7. Before the performance of the receiver 
can be checked thoroughly, some form of antenna 

is necessary. Although a rough check of the re-
ceiver can be made with a temporary antenna, it 

isn't usually worth while. When the installation 
is being made by a two man team, the general 
practice is for one man to begin unpacking and 
setting up the receiver, while the other starts the 

antenna installation. At some points, the men 

may have to assist each other. Or the entire job 
may be done by one man. This is especially 

likely in areas where it is known that an indoor 

antenna usually gives satisfactory reception. 

There are several types of indoor antenna in 
use. One of them will be described in this sec-

tion, and its installation explained briefly. Later 
lessons on antennas will cover other types of 

indoor antennas, including any that may be built 

into the receiver cabinet. 

Preliminary Steps. — Before going into the de-

tails of an indoor installation, however, let us 

take the time to review briefly some preliminary 

steps for all installations. The installation job 
starts at the service shop. When there are two 
men on the installation team, the senior team 

member is responsible for the truck and is in 

charge of the installation. Naturally, he will do 
most of the talking whenever that is necessary 
in the customer's home. When you are the whole 

one-man installation crew you will have to take 

care of everything. 

The first thing to do is check the installation 
truck and everything in it to be sure that nothing 

is missing for the day's work. The truck should 
have a complete complement of parts — usually 

enough for a full week. In general, the truck 

should have enough parts for from 10 to 15 com-

plete antenna installations of the type generally 
used in your district. After the work orders for 

the day are picked up, you are on your way to the 

installation job. 

Assume for now that conditions are just right 

for making an indoor antenna installation. The 
customer is willing to have an indoor antenna,the 

location is no more than about 10 miles from the 
television stations so that there is enough signal, 

there are no multiple path reflections to produce 
ghosts in the picture and interference is negli-

gible. 

Here is an opportunity to use the indoor an-
tenna and obtain its advantages. And there are 
plenty of advantages. With an indoor antenna 
there is no long transmission line to pick up inter-
ference, no lightning arrestor is needed because 

there is no danger from lightning with the antenna 
indoors, no one has to climb up to the roof and 
there are no worries about the antenna falling or 

changing position in a high wind, and there is no 
problem of obtaining the landlord's permission. 
With the extended rod type of indoor antenna de-
cribed in the next paragraph, the customer can 

adjust the length and orientation of the antenna 

himself. 

Extended Rod Antenna. — The simplicity of an 

indoor installation is illustrated in Fig. 2-23. 

Here an extended rod dipole antenna is placed 

on the receiver, where the rods can easily be 
adjusted. Their lengths can be changed and their 
angle adjusted to give the sharpest possible 
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Fig. 2-23 

tuning for the best picture and sound on each 

station. Very often a ghost in the picture can be 
eliminated by turning the antenna to favor the 
direct signal. A short length of Bright Picture 

transmission line comes with the antenna. Simply 
connecting it to the antenna posts on the receiver 
completes this indoor installation. 

The position of the receiver in the room should 

be determined early in the installation because 

it will affect either the placement of an indoor 
antenna or the way the transmission line will run 
for an outdoor antenna. When you expect to put 

an indoor antenna on the receiver, it is a good 

idea to have the set against a wall that faces in 
the direction of the broadcast stations. However, 
placement of the set depends a great deal on 

customer preference. When the customer's choice 
is obviously going to produce poor results, you 
should convince her of this fact. 

Remember that the antenna location is what is 
important, and it doesn't have to be on the re-

ceiver. If you find a spot for the indoor antenna 

that produces good results you can always add 
the required length of transmission line. The line 

is routed neatly to the receiver and kept out of 
sight as much as possible by running it along the 

baseboard of a wall or under the edge of the wall-
to-wall carpeting. It is kept in place by fibre-
headed tacks. 

A SIMPLE OUTDOOR INSTALLATION. 

2-8. When the picture and sound are not good 
enough with an indoor antenna, you will have to 
mount the antenna on the roof. It is usually pos-
sible for an experienced installer to tell in ad-
vance whether he will have to do this in a parti-

cular location. Just how to decide what kind of 
antenna will be needed is discussed fully in a 
later lesson. There are many possible compli-

cations, but for now we shall take the common 
case of a simple dipole antenna and see what is 
required in this outdoor installation. In many 

cases where an outdoor antenna is required, a 
simple dipole will furnish plenty of signal for the 
proper operation of the receiver. 

A typical installation of an outdoor antenna 

on a two-story frame house looks like this: 
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Let's examine the installation step by step, 

and see what has to be done. First comes the 
assembly of the antenna itself. For the simple 

dipole this is pretty easy. Each rod of the dipole 

slips through a hole in the support arm and is 
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held tight with washers and a nut that screws 

onto the end. With both rods attached, and the 
support arm clamped to the mast, the antenna 

assembly is completed. 

Mounting Brackets. — To mount the type of win-
dow brackets shown in*Fig. 2-24, mounting holes 
are marked on the window sills and frames, and then 
the brackets are removed to drill 3/16 in. holes 
for 1 in. lag screws. After the brackets are 

mounted, the mast can be slipped in. 

Of course, you should tell the customer in 
advance how and where you are going to make 
the antenna mounting so that there will not be 

any complaints later on this score. Presumably, 
the spot was chosen because you know that the 
location will be a good one for the antenna. Once 
in the brackets, the mast can then be rotated 

easily for the best orientation of the antenna, and 

clamped tight with U-shaped bolts. 

As you can see, with an outdoor antenna in-

stallation it is usually necessary for you to climb 
a ladder and use tools such as drills, pliers and a 

hammer. That is a good time for you to think 
about safety — your own and the safety of others. 

Use your common sense and don't take any 
chances when using the ladder and the tools. It 
is smart to be careful in your work; it's plain 

dumb to take unnecessary chances of hurting your-
self. 

Transmission Line Routing. — For the trans-

mission line run, small round lugs at the end of 

the line are slipped onto the dipole rods to make 
connection to the antenna. Then the line is 

brought down by means of standoffs attached to 
the mast pipe. Screw eye standoff insulators aré 
attached to the wall of the house to support the 

line and bring it down to the basement window. 
Always do a neat job on the transmission line 
run, with no slack, and keep the line as unob-

tusive as possible. Run it straight down a wall — 

not sloping or draped across — and keep down to 

a minimum the length of the line that is horizontal. 
The line should be kept away from rain gutters 
and other metal parts of the house. 

Whenever possible, it is best to run the trans-
mission line down to the basement and then up 
through the floor to the receiver location. As 

shown in Fig. 2-25, a 7/16 in. hole is drilled for 

the line at the side of the basement window. The 

hole is drilled to slope downward toward de out-

side so that no water can seep in when it rains. 

The transmission line is run through an insulating 

bushing or loom, and then both ends of the hole 
are plugged with plastic wood or a rubber stopper 
to make a neat professional appearing job. Then 

run the line in the basement to a point under the 

set. A 7/16 in. hole can be drilled through the 
bottom moulding of the baseboard at the receiver 
location to bring the line up to the set, where it 
is finally attached to the antenna terminals on 
the receiver. 

TO mom DRILL Moi HOLE FOR 
RECEIVER  AMMON LINE 

TIMM DOTTom MOULDING 
Or bbbbb °ARP 

MISSION LINE 

LIGHTNING ARRESTER 
MOUNTED ON WATER PIPE 
WITH GROUND EL AmP 

Fig. 2-25 

Lightning Protection. — There are two more 
important steps in the installation job: ( 1) the 

need for grounding the antenna mast, and (2) in-

serting a lightning arrestor in the transmission 

line run. A connecting wire must be run from the 
mast to a good ground connection like a cold 
water pipe, or to a metal ground rod driven into 
moist earth as shown in Fig. 2-24. The lightning 

arrestor for the transmission line is mounted as 

near as possible to the point where the line 
enters the building. 

These two précautions are very important, al-
thotigh it may not seem so when you are making 
the installation on a clear, sunny day. They pre-

vent static electrical charges that tend to build 
up on the antenna after a period of time, and pro-
tect the receiver and antenna from serious damage 
by lightning. 

Possible — and Probable — Complications. — 
This completes our overall view of a simple out-
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door installation. However, not all installations 
are as easy as this. The complications will be 
explained in detail in later lessons on antennas. 
As an example, to pick up more signal or place 
the antenna further away from a source of inter-

ference, the antenna may have to be mounted 
higher than shown here. Then it will be neces-
sary to run sturdy guy wires to the mast in order 
to hold the antenna steady in a strong wind. 

Different mountings may be used for the mast, 

depending on whether it is mounted on a chimney, 
a flat roof, an elevator penthouse of an apartment 

house roof or on a brick wall. 

In many locations it is desirable to use an 
antenna that has an added rod mounted behind the 
dipole antenna. The additional rod is called a 
reflector. It makes the antenna receive signals 

best from the front, with little pickup from behind, 

to help eliminate ghosts in the picture caused by 
a reflected signal that might be received from the 

back of the antenna. Loading wings may be add-
ed to improve the reception of high band stations. 

In some locations it may be necessary to use a 

dual-band antenna with the normal antenna for the 
low band television stations, and a shorter an-
tenna added for the high band stations. Besides 
the more elaborate assembly, there is then a 

"matching harness" consisting of sections of 
line to match both antennas to a common trans-

mission line. If the noise picked up by the trans-
mission line is very severe, it may be necessary 

to use special shielded coaxial cable for the 

transmission line run. 

PUTTING THE RECE/VER I N OPERATION 

2-9. Now we can talk about the job of putting 
the receiver in operating order so we can see a 
picture on the screen. Assume you are in the 

customer's home, ready for the installation job. 
Either you've already installed the antenna and 

transmission line, or your team mate is doing 

this job, and it will be finished by the time you 

need it to check the reception. We'll outline 
briefly now the following parts of the instal-

lation job: ( 1) unpacking ( if any), (2) setting up 
the picture tube for proper operation, and (3) 
correct use of the front panel operating controls 

in tuning the receiver. The complete explanation 

of these operations, and of the adjustment of the 
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set-up controls, will be given in Lesson 3. 

The first thing to do toward putting the re-
ceiver in operation is check the model number 
and serial number of the set, because there are 

important differences among various models. Be-
fore even going to the customer's home, you 

should have read the Service Data notes, in-

struction book and unpacking instructions for the 
receiver model being installed. Don't wait until 

you're in the customer's living room to read in-
structions — the customer could easily get the 
idea that you don't know too well what you're 
doing, and that's hardly the way to win the 
customer's confidence, 

If the set has not been unpacked yet, tollow the 
specific unpacking instructions that are available 
for each receiver model. By doing this you can 
be saved a lot of headaches. Something as simple 
as failure to remove all the packing material can 

cause trouble in operation of the set. 

Installing the Kinescope. — This can be con-
sidered in two parts: putting the picture tube in 
its mounting on the receiver chassis, and making 
the kinescope adjustments necessary for getting 
a good picture on the screen. At the present time 
some receivers are shipped with the picture tube 
in place, which means that it will not be neces-

sary for you to insert the kinescope. However, 
this is only a convenience for shipping and does 

not mean that the kinescope is ready for operation. 
The installation adjustments for the picture tube 

still have to be made. 

For those receivers that need to have the 

picture tube inserted, remove the kinescope from 

its carton, following the unpacking instructions. 
The kinescope is inserted in its chassis mounting 
from the front of the receiver, like this: 

Fig. 2-26 
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Check with the Service Data manual of the 
specific receiver for exact instructions on re-
moving the shipping screws and inserting the 
kinescope because this can be a little tricky and 

you can waste a lot of time if you don't know ex-

actly what to do. The detailed procedure will be 

explained in Lesson 3. After inserting the tube, 
set the front of the kinescope on its cushion rest 
or support brackets and the tube can then support 
itself. 

When putting back the panels it is generally a 
good idea to leave the mounting screws a little 

loose to make sure that the picture tube is center-
ed and straight with respect to the mask before 
the final tightening. The customer will be very 
critical on this point because it spoils his enjoy-

ment of the picture if he can see an edge of the 

kinescope. Do not force any panels against the 
kinescope, and don't forget to clean the face of 

the picture tube and the front panel safety glass. 

The insertion of the kinescope requires that 

you first remove the front panel; but to center the 
kinescope you'll need the mask over the front of 

it for a reference, and that requires that the front 
panel be replaced before adjusting the support 
brackets. 

The ion trap magnet can then be slipped over 

the base onto the narrow end of the tube, and the 
kinescope socket attached to the tube base. The 
center of the tube base has a guide that fits into 

a notch in the socket. With these in line, the 
socket can be pressed firmly home to make good 

connections with the tube base. Then connect 

the high voltage lead to the picture tube. 

Kinescope Precautions. — There are several 

important safety points for you to keep in mind 
when installing the picture tube. First of all, 

always remember that if the tube breaks someone 
may be hurt pretty badly by the flying glass. Be-

cause of the large surface area of a picture tube 
and the vacuum within, the kinescope is more 

liable to breakage than a small vacuum tube. So 

handle the tube gently and use common sense 
when working with it. Always wear safety glasses 

to protect your eyes from flying glass in case the 

tube breaks. Keep the customer and the children 

away from you when handling the tube, for their 
own protection aad so they will not distract you 

while you are working. However, you don't have 
to be afraid of the picture tube. If handled with 
reasonable care it will not break. 

Another important point to remember for your 
safety with a kinescope is that the anode voltage 
is very high — approximately 9000 volts or more. 

There is danger of an electric shock if you touch 
the metal connector on the high voltage lead, or 

the anode connection of the picture tube. Besides 
the danger of injury from the shock, you may get 
so excited as to drop the tube or anything else 

you may have in your hand, which might cause 

more trouble than the shock itself. Modern tele-
vision receivers use a specially designed high 
voltage supply so that normally there is not enough 

power to produce death from shock. But, anyway, 
never touch the high voltage circuits when the 
the power is on; and be sure that the high voltage 
condensers are discharged with the power off be-

fore touching any high voltage connection. 

Kinescope Adjustments. — With the kinescope 
inserted and the leads connected, you can plug 

the line cord into the 110-120 volt a-c power out-
let and then turn the receiver on to make the 
picture tube adjustments. These include posi-
tioning the deflection yoke, focus coil and the 
ion trap magnet. The exact adjustments for 

specific receiver models will be explained in 
Lessons 3 and 4 but we can go over the general 

procedure here to emphasize some important 
points. 

The first adjustment to make is positioning 
the ion trap magnet. When this is not set right, 
the screen may be completely blank because the 

electron beam is not striking the screen. 

To adjust the focus coil, you can move it 
after loosening it in its mounting. The focus coil 
is adjusted for fine focus in the raster, with the 

raster approximately centered and without any 

shadowed corner. You can tell when the focus is 
good by adjusting for clear thin scanning lines. 
In receivers that do not have any controls to 
center the picture, the position of the focus coil 

has to be adjusted for centering. 

The deflection yoke is positioned to align the 
raster on the screen with respect co the mask. 

When they are not aligned, the picture looks 
like this: 
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Fig. 2-Z7 

You can rotate the yoke in its mounting to 
straighten the picture after loosening the holding 
screws. The yoke can also be moved back and 
forth, and it is normally placed far enough for-
ward to be flush against the flare of the tube 
envelope. If the yoke is too far back, the corners 
of the picture may be shadowed oc missing. This 
is because, when the beam is aimed at a corner 
of the picture, the electrons strike the neck of 
the tube and are prevented from going on to illu-
minate points nearest the edge of the screen. 

After the kinescope adjustments have been 
made properly, the screws and wing nuts for the 

coil mountings should be tightened so that the 
settings will stay the same. Be careful not to 
disturb these settings while you are making them 
tight. 

Simple Preliminary Check of Reception. — 

Before proceeding too far with the details of the 
installation you can make a simple preliminary 
check of reception to see that the receiver is 
operating properly. Once the picture tube has 

been installed it is possible to see on the screen 
various aspects of normal receiver operation. 

The first requirement is that there be a raster. 

Assuming that the kinescope adjustments have 
proceeded normally you will have a clear raster 
with sharp scanning lines. If all you can get is 
a horizontal line on the screen, there is trouble 
in the vertical scanning circuits of the receiver. 

If no light at all can be obtained on the screen 
there may be trouble in the kinescope high volt-
age circuits, or the picture tube may be defective, 
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assuming that the kinescope installation adjust-
ments have been made properly and the ion trap 
magnet is correctly adjusted and working properly, 
If there is any such trouble with the receiver the 
best thing for you to do is to follow the advice of 
your branch office on what to do about it. 

When you have a perfect raster on the screen 
a large part of the job of obtaining a picture is 
done, because all that remains is the signal cir-
cuits for the picture and sound. Even without an 
antenna this can be checked to some extent by 
the following very simple procedure. With the 
volume control turned all the way up (clockwise) 
you should hear loud rushing noise from the loud-
speaker. Similarly, when the picture or contrast 
control is turned fully clockwise there should be 
noise in the raster. This shows as speckled dots 
throughout the raster. In a strong signal area, the 
noise in the raster will not show by turning the 
PICTURE control fully clockwise, because the 
circuit will be overloaded. The picture will be 
very much distorted, if the channel selector switch 

happens to be positioned correctly. These checks 
indicate that at least the tubes are working in the 
signal circuits. 

To check further and see that you can actually 
get the desired picture and sound, you will have 
to turn the channel selector switch to a station 
that is broadcasting at the time and supply some 
signal to the antenna binding posts. For just a 
preliminary checkof reception you may get enough 
signal for sound and a picture by putting your 
finger on the antenna binding post, or setting up 
a simple indoor antenna. It may be that the sound 

will be noisy and the picture moving or torn apart 
in diagonal segments, indicating that additional 
tuning adjustments have to be made. But with 
this. preliminary check of reception at least you 
know that the receiver is operating and you can 
continue the installation with the expectation of 
obtaining a good picture and good sound. 

Front Panel Controls. — With the receiver 
operating normally, an antenna installed, and the 
set-up adjustments on the receiver chassis made 
correctly, it will be possible to obtain the de-
sired picture and sound for all television broad-
cast stations in the locality by proper use of the 
front panel controls. In order to have a specific 
case in explaining the controls and tuning, we'll 
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discuss the model 9T-240 as a typical receiver. 

The front panel looks like this: 

VERTICAL BRIGHTNESS 
St•p• pi.t.,.I Sete pirture briL 
••••ing ep • r 

HORIZONTAL 

Stop. pirturr 
moving hem eide 
to bid, or Irene 
•plitting onto reg. 
menu. 

PICTURE 
"ariee pirture 
emirs«. 

OFF-ON SOUND 
Teruo ort ow seed 
pH and •djuot• 

rdelemee. 

Fig. 2-28 

STATION 
SELECTOR 

elert• el•••••1 
and 1•41  
erembetr. 

FINE TUNING 
Tune. r•rei•er 
for beet woad. 

Only four positions are used for the seven 

controls because the dual control shafts and the 

dual knob arrangement makes a neater appear-

ance than having the controls spread out. Start-

ing at the right of the panel, as you would face it 

to operate the receiver, there is a dial with the 

channel numbers for the STATION SELECTOR 

switch. This is a bar knob that you turn to tune 

in any channel from 2 to 13. The round knob with 

the selector switch is the FiINE TUNING control. 

As its name impIie, it provides fine tuning for 

any channel selected to bring in the best sound 
and picture. 

Next to the tuning controls there is another 

dual control on this model with the OFF-ON 

SOUND volume as one controi (a small knob) and 

a larger round knob for the PICTURE or contrast 

control. The sound control is adjusted to make 

the sound louder or softer, as in AM broadcast 

radios. The picture control is adjusted for the 

desired contrast in the picture. 

At the left side of the front panel, the next 

control is the BRIGHTNESS, which adjusts the 

overall brightness of the picture. In this receiver 

model, the BRIGHTNESS control is by itself and 
not paired with any other control. 

At the extreme left are the dual controls con-

sisting of the HORIZONTAL hold control in the 

Inner position (small knob), and the VERTICAL 

hold control on the outside (large knob). The 

HORIZONTAL hold control holds the picture 

together by keeping the horizontal line scanning 

synchronized. The VERTICAL hold control holds 

the picture in frame, preventing it from moving 
vertically. 

The position of the controls will of course be 

a little different in various receiver models be-

cause of the chassis layout. In receivers earlier 
than the 9T240 model the BRIGHTNESS control 

was at the extreme left, with the HOLD controls 

next to it. In later receivers the PICTURE con-
trol may be grouped with the BRIGHTNESS so 

that it is more convenient to adjust these to-

gether, as is usually necessary. The OFF—ON 
SOUND control may then be by itself or grouped 
with a tone control when there is one. 

Tuning the Receiver. — If you don't know al-

ready, it will not take long for you to find out 

that correct use of the front panel operating con-
trols can easily be the difference between very 

bad results and a beautiful picture with excellent 

sound. Of course, you may know how to adjust a 
receiver to get the best results from it. But you 

probably do this intuitively, and when called 

upon to instruct a customer you may be at a loss 

to know how to express in words those little 
things you do to obtain peak performance. You 

can study the tuning steps that follow and try to 

adapt them to your style, going over the process 

in your mind and practicing what you will say to 

the customer so that she can understand and re-

member your instructions. 

Assuming that the picture tube has been in-

stalled, the set-up controls on the receiver chas-

sis have been adjusted and the antenna is con-

nected, what we'll do next is make a trial run of 

tuning the model 9T 240 receiver, paying special 

attention to the effects you may observe while 

tuning. The steps given here follow the procedure 

given in the customer's instruction book that 

comes with the set. Since you will have to in-
struct the customer, it is a good idea to read the 

instruction book carefully, even though you are 
entirely familiar with the operating procedure 
yourself. 

The receiver is turned on and tuned as follows: 

1. Making sure that the line cord is plugged 
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in, first turn the OFF—ON SOUND control slightly 

clockwise to switch the receiver on. After you 

hear the switch click, turn the control about one-

half turn further. 

2. Set the STATION SELECTOR switch to the 

desired channel number. Of the 12 positions there 

will be stations broadcasting on only some 

channels. You ought to be familiar with the tele-

vision stations in your locality and when they are 

on the air. 

3. Allow about a half-minute for the set to 

warm up. The sound may come in before the pic-

ture does, and there may be diagonal bars on the 

screen for a moment before you see the picture, 

but chis is normal. 

4. Assuming that the desired station is broad-
casting, music, speech or tone should be heard. 

Now the FINE TUNING control should be varied 

for tne best sound. This is where the sound comes 

in clear and loud with minimum background noise. 

The SOUND volume control can then be adjusted 
for the desired volume. After the receiver has 

been on for a few minutes, it may be necessary to 

readjust the FINE TUNING control a little, as 

the oscillator in the front end of the receiver 

changes frequency slightly when it warms up. 

It may be possible to obtain sound at three 

adjacent positions of the FINE TUNING control. 

The middle of the three is the correct tuning 

position, which eliminates any sound bars appear-

ing in the picture. The sound bars look like this: 

Fig. 2-29 

They usually change in width with the sound 

volume, since they are caused by the sound 
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signal in the picture amplifier circuits of the 

receiver. 

Adjusting the FINE TUNING control just right 

is very important in receiving the best picture 

and sound. If the control is far from the correct 

setting there will be no sound at all. Sometimes 

there are very small wiggly lines in the picture 

because the fine tuning is not exactly right, ansd 
they clear up as soon as this control is set pro-

perly. Always adjust the FINE TUNING for the 

best sound with minimum baceground noise. If 

this does not seem to provide the best picture, 

either something is wrong with the set or there is 

not enough signal for the receiver and you'c better 

start doing something about a better ahtenna. 

5. If necessary, adjust the PICTURE control 

for the desired contrast in the picture. 

When shutting off the set, just turn the OFF— 

ON SOUND control to OFF, (counterclockwise), 

noting the click of the switch as it is turned off. 

The screen illumination may persist for a moment 
on some picture tubes after the set is turned off 

but don't worry about this, as it is entirely normal. 

When the other front panel operating controls 

have to be adjusted, the following additional 

steps should be taken. Don't be afraid to turn 

the knobs but do not force them beyond their 

stops. After turning the set on and setting for the 

desired channel, as explained previously in steps 

1 to 4, you can proceed as follows: 

With the PICTURE control at approximately 

its mid-position, adjust the BRIGHTNESS control 

until light just barely shows on the kinescope 

screen. Then set the PICTURE control for the 

desired contrast in the picture, and the BRIGHT-

NESS control is re-adjusted to make the retrace 

lines just disappear from view. Fig. 2-30 on the 

next page shows the retrace lines as they appear 

in the picture when the BRIGHTNESS control is 

set too high. 

It is important to remember the difference in 

function between the BRIGHTNESS and the 

PICTURE controls. The PICTURE control af-

fects both the brightness and the contrast you 

see on the screen, and should be adjusted for a 

pleasing picture. The BRIGHTNESS control 

should be at the point where the retrace lines are 
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blanked out, with the picture control set for the 
best contrast and brightness in the picture. 

Figs 2-30 

8. Adjust the VERTICAL hold control to make 
the pattern on the screen stop moving up or down. 
When the picture drifts vertically with a black 

horizontal bar showing, or there are several pic-
tures moving up or down the screen, as shown 
below, adjust the VERTICAL hold control to stop 

the motion. 

Fig. 2-31 

If the VERTICAL hold control- is completely 

out of adjustment you may not recognize the pic-
ture, as it appears sliced into many horizontal 

segments running up or down the screen. Anytime 

you see duplicate images one above the other 
rolling on the screen, adjust the VERTICAL con-

trol to the point that just stops the picture and 

holds it in frame, 

9. Adjust the HORIZONTAL hold control to 
eliminate diagonal bars and synchronize the 

picture horizontally. The HORIZONTAL control 
should require little attention unless disturbed. 

The picture will usually pull itself into synchro-

nization in less than a minute after the set is 
turned on, and will stay synchronized for the 

duration of the program. If the HORIZONTAL 
control is misadjusted counterclockwise from 

its correct position, the picture may remain syn-
chronized for a time but only until some disturb-

ance throws it out of synchronization. The pic-

ture will then be sliced diagonally into segments 
running upward from left to right, as shown in 
Fig. 2-32-a. To correct this condition, turn the 
HORIZONTAL control slowly clockwise until the 

picture snaps into synchronization, and then turn 

the control slightly beyond (20 or 30 degrees). 

Fig. 2-32-a 

If the HORIZONTAL hold control is misad-

justed clockwise from its correct position, the 
picture may bend and shift toward the right, or 

split into diagonal segments running downward 
from left to right as shown in Fig. 2-32-b. 

Fig. 2-32-b 

To correct this, turn the HORIZONTAL control 
counterclockwise until the picture falls into syn-

chronization, and then turn it about 90 degrees 
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beyond. This will., give approximately the same 
setting as for the adjustment just described to 

eliminate the upward diagonal bars. 

The HORIZONTAL control, once set correctly, 

should require resetting only under conditions of 
extreme variations in temperature or humidity, or 

unusual changes in tube characteristics due to 
aging. The reason for this extremely stable hori-
zontal synchronization is the synchroguide circuit 

used in this receiver, which automatically holds 
the horizontal scanning circuit synchronized in 
the presence of all but the most severe noise. 

9. To change from one station to another all 

you will have to do is switch the channel selector, 
adjusting the fine tuning slightly for the best 

sound. Usually, the picture slips vertically for 
one frame when changing stations, but this is 
normal, and the vertical synchronizing circuit 
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will hold the picture steady for the new station 

after it moves into frame. This happens often 

when a switch in program is made at the broad-
cast station, and is nothing to worry about. If 
the sound and picture do not come in just right on 
the new station, however, you can go through the 

fine tuning procedure again. 

Summary. — We have tried in this Lesson to 
explain what goes on at the receiver end of the 

television system, and how this affects the in-
stallation job. If you now realize that the aim of 
every installation job is to make a satisfied 
customer, and if you know what a good picture is, 
know the main steps in setting up the receiver, 
and can see the factors involved in an antenna 
installation, this lesson has accomplished its 

purpose. 
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RECEIVER INSTALLATION PROCEDURE 

3-1. There is more to the job of setting up the 
receiver in the customer's home than just plug-

ging in the line cord and turning on the power. In 
Lesson 2 we outlined the essential steps involved 

in receiving the television signal, from the time 
it leaves the transmitter to the reproduction of 
the televised picture on the kinescope screen 

and sound by the loud speaker. That covered 
considerable territory since the overall picture 

had to include, in addition to the operation of the 
receiver itself, the television signal and how it 

got to the receiver location, by means of the an-
tenna and transmission line. In this lesson we 
will concentrate on the receiver, and how it 

should be set up and adjusted to get the best 
possible picture. 

Steps of the Installation Job. — Installation of 
a television receiver in a customer's home in-
volves these essential steps: 

1. Contacting the customer 
2. Unpacking the receiver 
3. Putting the receiver in operating condition 
4. Installing the antenna and line 
5. Instructing the customer 
6. Cleanup and departure 

Each of these steps has several details, of 
course, and these will be taken up as we discuss 
each step in order. In describing the whole pro-
cedure, it will be convenient to choose a typical 
receiver to use as an example, such as the RCA 
Model 9T24O shown in Fig. 3-1. However, you 
should keep in mind that this is merely an ex-
ample, and that there will be differences between 
sets of various makes and models. These dif-
ferences need not upset you, though, if you will 
study the manufacturer's service notes for the 
particular receiver you are going to install. After 
all, in spite of individual differences, receivers 
are doing essentially the same job — providing a 
telgyision picture. You'll find that this same set 
of steps can be followed in installing any set, 

Fig. 3-1 

barring an occasional exception, as when, say, 
the set is already unpacked. Naturally you can't 
unpack it again! 

Contacting The Customer. — The job of making 
an installation begins as you approach the front 
door, or even as you pull up to the curb with the 
truck. This is true because the minute the customer 
becomes aware of you, you are making an im-
pression, and the impression you make has a lot 
to do with the customer's ultimate satisfaction. 
No matter how good your installation job, and no 
matter how well the set works, if you run over 
the customer's dog when you drive up, or drop 
the ladder into the new flower bed, you're not 
going to be a popular man. On the other hand, if 
you are considerate and thoughtful, and do a good 
efficient job, you'll find the customer will be a 
lot more reasonable about some defect beyond 
your control, like a bad smear at the transmitter... 
or bum jokes on a program. 

Introduction and Identification. — When you go 
to the door, it is important to let the customer 
know who you are and what you are there for 
pretty early in the conversation. There are, un-
fortunately, quite a number of petty door-to-door 
rackets and swindles. Some customers will be 
overly suspicious, others will not be sufficiently 
cautious for their own good. 

Your best move is to present your identification 
card, if you have one (showing your name and 
occupation, of course), with a normal greeting, 
and a brief remark or two explaining why you 
have come. This usually results in an answer 
from the customer, and an invitation to come in 
and begin your work. This little point of estab-
lishing confidence with the customer by showing 
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that you have a legitimate reason for calling will 
not often become important, but should be properly 
done, nevertheless. In many cities, sales and 
service personnel making door-to-door calls 
must have an identification card issued by the 
Police Department, or some other agency of the 
local government. If you're operating your own 
business, better check up on this. If you're 
working for someone else, chances are they are 
responsible for taking care of this detail. 

Having identified yourself and upon being 
asked in to begin your work, make sure you don't 
track in mud or dirt, or bang your tool kit into 
walls or furniture. 

Fig. 3-2 

The Customer's Wishes. — In almost every 
installation, the customer will have some ideas 
about where the receiver is to be placed, and 
perhaps also where the antenna can be mounted, 
if an outside antenna is used. This latter point 
is usually based on the appearance of the building, 
or perhaps the landlord's restrictions on such 
structural alterations. These are pieces of in-
formation you should get right away, so you can 
see how they are going to affect the job, pro-
viding of course that it is practical to follow the 
customer's wishes. Also, if the customer is not 
the owner of the building, it is necessary to have 
the signed permission of the owner or his legal 
agent if an outside antenna is to be erected. 
Failure to obtain this permission on the part of 
the owner may result in trouble later in which 
you may be involved, so make sure the tenant 
has obtained permission before you start putting 
up the outside antenna. 

PLACING THE RECEIVER AND ANTENNA 

3-3 

3-2. The dealer usually unpacks the receiver 
from its carton or crating when he delivers it to 
the customer. However, this isn't always the 
case, so sometimes you'll have to unpack it 
yourself. If you are not familiar with the way a 
particular set is packed, it is quite possible to 
damage it by carelessness in unpacking. There 
is little you can do to offend him more. About 
all that's really required here is to use common 
sense and be careful, but make sure you do, 
every time. 

Factors Affecting Receiver Placement. — In 
addition to the customer's personal wishes, there 

are some other things that influence the place-
ment of the receiver. Whenever possible, it's 
best to put the receiver right where the customer 
wants it. But some of the factors taken up here 
will have considerable effect on the service 
life and performance of his set, and some will 
affect the appearance of the picture. Naturally/ 
it's your job to point these things out to him, and 
explain why they may make a given spot less 
desirable than some other one. 

With a television set, the picture is the main 
thing, of course. So be sure the spot chosen by 
the customer is one in which the set can provide 
a good picture, that can be seen from as much of 
the usable part of the room as possible. Don't 
put it where a glaring light shines on the screen, 
or where there's a glaring light right next to the 
set, for that matter. Either arrangement will in-
terfere seriously with the customer's enjoyment 
of the picture, and very likely will result in a 
callback for relocation. Remember also that 
things are sometimes much different at night than 
in the daytime (other lights on, etc.), and vice 
versa. Strong sunlight through a nearby window, 
or even outside advertising sign may cause 
trouble. 

Mechanically, there are also a few points 
worth remembering. The line run and power cord 
must be protected from accidental damage, and 
they should also be reasonably short and con-
venient. Also, they should usually permit moving 
the set for cleaning around it. These things are 
seldom a problem, but should not be forgotten. 
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Electrically, the only serious consideration is 
the use of either an indoor or internal antenna. 
When one of these must be used, other consider-
ations in placing the set, will often have to be 
given secondary importance, if reasonable re-
ception is to be had. In case you are doing one 
of these jobs, you'd better try out reception first, 
and then choose the final spot with the customer's 
aid and approval. 

Fig. 3-3 

Choice of Indoor vs. Outdoor Antenna. — For 
proper receiver operation it is important to de-

liver a strong clear signal to the receiver input 
terminals. In most areas within 10 miles of a 
television transmitter and in many cases even 
farther away, an indoor antenna can pick up and 

deliver .a satisfactory signal to the receiver. You 

can usually use an indoor antenna if: 

1. The pictures are clean and of good quality on the 
channels the customer wants. 

2. These stations can be had with simple relocation 
or turning of the antenna. 

3. In a console model receiver, the AM and FM broad-
casting reception is satisfactory with the indoor 
installation. 

4. The customer or landlord will not permit an outdoor 
installation. The reception may or may not be good. 
In some cases, an indoor antenna will have to be 
used, even though its performance is poor. The 
customer will have to put up with the reception 
obtainable, good or bad, and this fact must be made 
clear to him. 

In the following cases an outdoor antenna must 

be used: 

1. The customer expresses reluctance or opposition 
to the use of an indoor antenna. 

2. Reception with an indoor antenna is too weak on 
stations the customer desires. 

3. The signals, when using an indoor antenna, are 
affected seriously by ignition and ocher types of 
local interference. 

4. The picture is affected by persons walking about 
the room. 

5. The location of the indoor antenna presents a 
hazard to children or pets. 

6. A console set with AM or FM does not operate well 
with the indoor antenna. 

A good policy to follow, from the point of view 

of both the customer and the company, is to use 
the most economical installation that will deliver 

a satisfactory signal . For this reason the indoor 

installation should be used wherever it will work 
well. 

In many metropolitan areas, where the space 
on the roof of apartment houses is restricted, 
there are already too many outdoor antennas to 

give interference-free reception. Fortunately, 

many of these apartment houses are in strong sig-
nal areas where an indoor antenna may work well. 

If there are other outdoor antenna installations 
in the neighborhood, you may have a selling job to 
do. Your customer may feel that if Joe Doakes down 
the street has an outdoor antenna, he needs one 
too. And he may be right. But if you have satisfied 
yourself that an indoor antenna will give satis-
factory reception under all ordinary conditions, 
there are a number of selling arguments you can 
use to convince the customer. 

Yru can point out that with an indoor antenna 
the customer can move the set around the room or 

even to another room. Men, particularly, like the 
idea of experimenting. Then, again, there are 

many homes in which the ideal place for the set 

is in the living room during most of the year; but, 
in the summer the family spends most of the time 
in the sun parlor or porch. With an indoor antenna 

it is a simple matter to shift the set from one 
location to another. Another selling point is that 
an indoor antenna is not exposed to the elements. 

There are no storm worries — an no lightning 
arrestor is needed. (Avoid implying, however, 
that outdoor antennas are dangerous, or a legiti-

mate cause for worrying.) 

Installation methods for both indoor and out-

door antennas have already been outlined in 
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Lesson 2, and will be studied in detail in later 
lessons. Whether we use an indoor or an outdoor 

antenna, it is essential that we have a good sig-
nal available at the receiver input terminals for 

the proper adjustment of the receiver set-up 

controls. 

UNPACKING AND ASSEMBLY OF THE RECEIVER 

3-3. Most dealers selling television sets 
have a policy of delivering the receiver to the 
customer's home or other establishment, un-
packing it, and inspecting it for damage or loss 
in shipment and handling. However, you will 
occasionally find yourself on an installation job 
where this is not the case, or where the receiver 
has been purchased from a private party, and 
transported by the seller, the purchaser, or a 
professional moving firm. In such cases, it will 
be up to you to check the set over carefully to 
see that it is really complete, and that all parts 
are in good order before you begin the installation. 

Preliminary Inspection .— In most cases you 

will find that the dealer has fully lived up to the 

terms of this policy. But, in the rush of a busy 
season, he may have left some things undone. It 
is up to you to inspect the set as soon as you 

enter the customer's home. 

Be particularly careful in looking for concealed 

cabinet damage. It may be necessary to do some 
polishing or touching up; but if damage to the 
cabinet or the receiver chassis is beyond your re-

pair facilities, you should call the Branch Office 

for instructions. 

Shipping procedures have improved to the point 
where most present day sets are shipped with the 
kinescope already installed. A special tube 
rest and yoke built into the receiver chassis 
holds the kinescope securely in place. In earlier 
sets the kinescope was shipped separately, and 
that is still true for some makes and models. 
When you run into a case where the kinescope 
needs to be installed, be sure to observe all 
the necessary precautions. 

Unpacking the Receiver. — In the event you 
find the receiver has not been unpacked, you 
should look over the unpacking instructions 

3•5 

for that particular model to be sure that you note 

any precautions required. Particularly, note 

whether there are any shipping screws and guards 

or supports that must be removéd. There are such 

screws that hold the kinescope cushion in place 
during shipment. Also, guards are placed around 
the tubes and other parts that need special pro-

tection. These must be removed before you can 

proceed with certain adjustments. If you forget 

them you may run into plenty of grief. 

Lay out your drop cloth in a convenient spot 

before starting any work. This not only looks 

neat and professional to the customer, but it is a 
real time saver for you. You can now set out your 

tool box and tools without danger of soiling the 

carpet or floor. In addition the drop cloth serves 
as a good place to drop any packing material, 
shavings, filings or stripped insulation in the 
course of the job. It is a great help in keeping 

your work neat, and preventing damage to the 

customer' s property. 

Fig. 3-4 

The best method for removing a particular 

model of receiver from the carton in which it is 
packed will depend mainly upon the size and 

weight of the set. A small table model set can be 
lifted out of the carton by one man; but a larger, 
heavier model may require two men. 

When unpacking a set too heavy to handle 
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readily, it is best not to lift the set at all. The 

procedure to follow is: ( 1) place the carton on its 

side; ( 2) open up the flaps on the bottom; (3) fold 
them up along the sides of the carton; ( 4) turn the 

carton back to the upright position; ( 5) lift the 

carton up and off the receiver. 

Incidentally, this is a good point to check up 
on your method of lifting heavy objects. Figure 
3-5 (a and b) shows the wrong and the right way. 

Fig. 3-5a THE WRONG WAY 

Fig. 3-5b THE RIGHT WAY 

Maybe you are used to lifting things by stoop-
ing over. Brother, that ain't good! It's a swell 

way to develop a strained back or a hernia. 

The right way, shown in Figure 3-5h, is to 
crouch beside the chassis, set or whatever it is 

that you want to lift, with your body Lpright from 
the hips up and the muscles flexing in your legs. 
Then, when you straighten your legs, up comes 
whatever you are lifting without strain on your 
back or abdominal muscles. 

KINESCOPE CUSHION 

You can handle a table model television re-
ceiver this way; but when you want to move a 

heavy console don't be ashamed to ask for help. 

Two men can do a better and safer job than one — 
and with less danger of scratching or damaging 

the cabinet. 

Inspection of Chassis. — Regardless of whether 
or not the kinescope comes already installed, you 
will have to look inside the cabinet as a routine 

inspection. That will require the removal of the 

back of the cabinet and, in some sets, also the top. 
It is best to refer to the manufacturer's instructions 

for the location of the screws or wing nuts that 

hold the-front panel in place. This panel must be 

removed for proper inspection of the kinescope, 
or for installing a kinescope which has been 

shipped in a separate carton. The operating con-
trol knobs, normally found in a paper bag inside 

the cabinet, must be removed and set aside for 

later use. 

Look for all screws and shields that have 
been added just for shipping purposes. In many 

direct view type sets (as differentiated from the 

projection type, which we will study in later 
lessons), there may be shipping screws on the 

kinescope cushion which must be removed. Their 

location in the RCA Model 9T240 we have chosen 
as an example is shown here: 

DULECTICIN CENTERING 
YORE ADJ. ADJUSTMENTS 

TOCUS 
MOuNTING 
SOREN 

Fig. 3-6 

On practically all receiver models, there is a 

protective cardboard shield around the rectifier 
tube. This must be removed. For those models 
in which the kinescope comes already installed, 

there usually is a cardboard shield around the 
neck of that tube. Remove this shield also. 
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Make certain that all tubes are in place, un-
damaged and firmly seated in their sockets. To 
seat the tubes, press them straight down. If you 
have to wiggle miniature glass tubes in their 
sockets, be very careful. These tubes are so 
small that there is very little spacing between 
the pins on the tube or the corresponding socket 
contacts on the chassis. In wiggling the tubes it 
is possible to press the contacts together, causing 
a short circuit of the tube elements — and a 
servicing call that could be avoided. 

Core of the Kinescope.— In the event that you 
have to install or replace a kinescope, be careful 
to follow all the necessary handling precautions 

listed in this section. Remember that there is a 
high vacuum within the kinescope bulb. That is 
true for ordinary tubes, too, but the kinescope 

has a much larger surface area on which the 
atmosphere is constantly pressing. If the tube 

were accidently dropped or struck and the glass 
broken, air would rush into the tube with suf-
ficient force to shatter the tube and send glass 
splinters in all directions. What happens is pro-

perly called an implosion rather than an explosion 
— but, whatever you call it, it presents a serious 
hazard to your hands and eyes if you are not 
careful. 

There is a right and wrong way to remove a 

kinescope from its carton. A kinescope packed 
for shipment is placed so that, when the carton is 
in the normal shipping position, the screen and 

heavy envelope are down — and the lighter, fra-

gile neck of the tube is up. The tube must never 
be handled by the fragile neck. It is therefore 

important that the carton be opened with the tube 
face up, as shown in Fig. 3-7. 

To unpack the kinescope: ( I) turn the carton 
so that the lettering is upside down; (2) cut the 
paper tape along the edges and tear open the 
carton flaps; ( 3) remove the cardboard covering 
the face of the tube; (4) grasp the side of the tube 
with both hands and lift up; ( 5) place the tube 
face down on soft clean padding. 

Fig. 3-8 

In Fig. 3-8, showing how the tube should be 
lifted out of the carton, the use of gloves is 
shown. While gloves are desirable as a pro-
tection for the hands, their use makes the hand-
ling of the tube a little awkward. Present practice 

sanctions handling without gloves, but you must 

be extremely careful. /t is really best not to handle 
a kinescope without safety glasses. A cut hand 
could heal without too much trouble; but an eye 

injury may lead to blindness. 

Fig. 3-7 The RCA record for handling kinescopes has 
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been exceptionally good; but that is so because 
of a healthy respect for the kinescope and con-

tinued care in handling it. The rules to remember 

are: 

1. Don't expose the picture tube until you are ready to 
use it. 

2. Always wear goggles when handling a naked tube.' 

3. Keep people away at a safe distance when a picture 
tube is exposed. 

4. Always keep the picture tube in the protective 
container whenever possible. Always place an ex-
posed tube on some sort of clean soft padding when 
necessary to set it down. 

5. Don't leave any picture tubes lying around. 

6. If a kinescope is defective, it must be brought back 
to the ship for disposal. 

7. The weakest parts of the kinescope are the neck of 
the tube and the rim of the viewing surfa ce. These 
parts must not be struck, scratched or subjected to 
more than moderate pressure at any time. 

INSTALLING THE KINESCOPE 

3-4. In sets shipped with the kinescope packed 
separately, the mounting arrangements will natur-
ally vary with different manufacturers. We will 
discuss here the proper steps in installing the 
kinescope in the typical receiver chosen for il-
lustration purposes, the RCA 9T240. For other 
makes and models, the steps may vary somewhat, 
and the manufacturers' instructions should be 
studied for these variations. 

1. Prepare the mount on the receiver chassis. 

2. Insert the neck of the kinescope through the deflec-
tion yoke and focus coil. 

3. Slip the ion trap magnet on the neck of the kine-
scope. 

4. Rotate the tube to the proper position, determined 
by the high voltage connection. 

5. Connect the high voltage lead and the kinescope 
socket. 

6. Center the kinescope in the center of the cabinet 
opening. 

7. Clean the kinescope face and the safety glass. 

8. Replace the cabinet front panel and place the con-
trol knobs on control shafts. 

9. Complete the mechanical positioning of the kine-
scope. 

The neck of the kinescope must be inserted 
through the kinescope cushion, the deflection 
yoke and the focus coil, which are already in 
position on the receiver chassis. For shipping, 
these have all been tightened in place. 

Inserting the Kinescope. — Allow plenty of 
room for the kinescope to be inserted in place by 
moving back both the kinescope cushion and the 
deflection yoke. Loosen the kinescope cushion 
adjustment wing screws and slide the cushion to-

ward the rear of the chassis. Loosen the deflec-

tion yoke adjustment and slide the yoke toward 

the rear of the chassis and tighten it. See Fig. 

3-6 for the location of these parts. 

Next, from the front of the cabinet, look through 
the deflection yoke and check the alignment of 

the focus coil with the yoke. If the focus coil is 

not in line, loosen the two focus coil mounting 

screws and adjust the coil until alignment is ob-

tained. Then tighten in this position. The opening 
must be clear, as shown here. 

Fig. 3-9 

The rim of the kinescope must rest on a pre-
pared support. In many models, this consists of 
kinescope face centering slides, shown in Fig. 
3-9. There are four such slides; two at the 
bottom on which the kinescope face rests, and 

two at the top to tighten and hold the kinescope 
firmly in place. Set the two lower slides at ap-

proximately mid position. 

With the mount ready, insert the neck of the 

kinescope through the deflection yoke and the 

focus coil until the base of the tube sticks out 

approximately two inches beyond the focus coil. 

If the tube sticks, or fails to slip into place 

smoothly, find the cause of trouble and correct it. 
If you have already done a good job of aligning 
the deflection yoke and focus coil, there should 
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be little trouble in slipping the tube into place. 

Incidentally, during this installation procedure, 
be sure to hold one hand over the face of the tube 

to prevent it slipping out of the mount. 

The Ion Trap Magnet.— Now slip the ion trap 

magnet assembly over the neck of the kinescope, 

with the large magnet toward the base of the tube 

and with the arrow mark on the assembly up and 

pointing forward like this: 

SMALL 
MAGNET 

GAP OW 
THIS SICK 

Fig. 3-10 

LARGE 

MAGNET 
GAP ON 

THIS SIDE 

ARROW 

The position for the magnet is on the narrow 
neck of the kinescope, about an inch from the 

tube base, over two small metal " flags" you can 

see through the glass envelope. 

The front magnet is movable on the assembly. 

The correct position d the front magnet is with 
the gap on the side toward the high-voltage com-

partment. The gap of the large rear magnet should 

be on the opposite side and 180 degrees from the 
gap on the small magnet. 

High-Voltage Connection. — Rotate the tube 

so that the high voltage contact, a recessed metal 

well in the side of the bulb, is up and turned 
about 30 degrees toward the high voltage com-
partment on the receiver chassis as in Fig. 

3-11. 

Insert the clip on the high voltage lead into 

the high voltage contact on the kinescope. The 

glass-to-metal seal of the connector on the kine-

scopeisrather delicate and the connection should 

be made with care, using little pressure. If the 
clip does not slip easily into place, take a pair 

of pliers and bend the fingers of the clip together 

slightly to make an easier connection. But be 
sure that there is sufficient tension on the fingers 
for a good electrical connection. 

Fig. 3-11 

KINESCOPE 
NIGH VOL tA6E 

LEAD 

LIP 

Now connect the kinescope socket to the tube 

base and the tube is in position for adjustment. 

High-Voltage Precautions. — The inner and 

outer conductive coatings of the tube's envelope 
form a condenser. When the power has been on, 
therefore, these coatings carry a charge. This 

charge can be sufficient to be dangerous even 
after the tube has been removed from the receiver 

for some time. So before touching the anode con-
nection on the tube, always discharge the tube 
itself with an insulated juniper wire from the high 

voltage terminal to the chassis. 

I; hen the power has once been turned on, the 

high voltage filter condensers become charged 
and hold that charge for some time after the cir-

cuit is disco. nnected. Before handling the high 

voltage lead, make it a practice always to dis-

charge the filter condenser by shorting the lead to 

the receiver chassis. Leave the lead in contact 
for several seconds. Make this precaution a 
habit, even when you know the power has not been 
turned on. Then you won't overlook it sometime 

when you have had the power on. 

Centering Adjustment.— Center the kinescope 

so that the face of the tube is in the center of the 
cabinet opening. This is done in most models by 

adjusting the four centering slides that support 

the rim of the tube. 
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With the tube in place, before you replace the 
cabinet front panel, make sure that the face of the 
kinescope and the front panel safety glass are 

clean. 

This is another time when you have to think 
of your customer. To the housewife cleanliness 

is next to godliness. Once you have installed the 

tube, she cannot reach behind the safety glass 

to rèmove any specks of dust or fingerprints that 

have been left inside. These can spoil the ap-
pearance of the television picture; but to the 

housewife, they are a particular cause of annoy-

ance because she can't get at them. So, you'll 

be called back for a tube cleaning job. 

It takes only a few minutes with a soft cloth 
moistened with "Windex" or a similar cleaning 

agent to do a thorough cleaning job on the face 
of the kinescope, and both the inside and outside 
of the safety glass. It is also a good idea to dust 

the inside of the cabinet and the chassis thorough-
ly, to be sure that you have not left dust inside 

that can get on the face of the tube. 

You can then go ahead and install the cabinet 

front panel, and press the control knobs in place 
on the control shafts. With the front panel in 
place, the mechanical positioning of the kine-

scope can be completed. 

Positioning the Kinescope. — You slip the 
kinescope as far forward as possible and slide 

the kinescope cushion firmly up against the flare 
of the tube. Watch to see that the wire springs 

at both sides of the kinescope cushion makes a 

good contact with the coating on the outside of 

the kinescope. 

These springs ground the kinescope outside 
coating to the receiver chassis. If the contact is 

not properly made — for example, the springs 
might be loose or accidently bent back — then; 

when the tube is put in operation, static dis-
charges or arcing will result. That, of course, 

means interference in the picture. 

When the kinescope cushion and spring con-

tacts are firmly in place, tighten the adjustment 
wing screws on the cushion support. Next slide 

the deflection yoke as far forward as possible, 

and tighten in place. 

Then check the connection of the high voltage 

lead to the kinescope, plug the line cord into the 
power line and connect the antenna — and you 

are ready to turn on the power for electrical ad-

justments on the set. 

A TYPICAL RECEIVER 

3-5. A television receiver is a complex piece 
of equipment. It contains as many tubes and parts 

as three or four standard broadcast receivers. 

While many of the tubes and parts are similar to 
those used in a radio receiver, others are entirely 
different. The circuits of some parts of the tele-
vision receiver are very similar to those found in 

a superheterodyne receiver, but other circuits, 
such as the synchronizing and deflection circuits, 
have no counterpart in standard radio. 

Most manufacturer's instructions for each model 
receiver contain the complete circuit diagram of 

the receiver. This is information that you should 
study at your leisure, because you will need it 

later on. But for the present, stick to the receiver 
set-up procedure. 

To set up the adjustments on a television re-
ceiver so that the customer can get the best 
possible picture, you must know the controls that 

should be checked and adjusted, where they are 
located, how the adjustments are to be made, and 

the order in which they are to be made. 

The installation man has this advantage to 

start with. He knows that all receivers have been 

checked and adjusted at the factory and are in 
good working order before being shipped out. The 

adjustments that normally have to be made in the 
customer's home are those required for the proper 
operation of the picture tube, and those that may 

be necessary for the receiver to work best at the 

particular location. 

Block Diagram of the Television Receiver. — 
In Lesson 2, we outlined the essential parts of 

the receiver and how each unit contributes to the 

reception. The typical receiver is made up of 
the circuit units shown in the block diagram of 

Fig. 3-12. 

The Operating and Set-up Controls. — Pie are 

not presently concerned with the receiver circuits, 
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picture tube 
or kinescope 

and how and why they work. Right now, for the 

purpose of setting up a new receiver fresh from 
the factory, the important thing is to get the con-

trols adjusted just right. 

There are two sets of controls on the tele-

vision receiver; ( 1) the operating controls, on the 
front panel where the customer can adjust them; 

and (2) set-up controls, on the receiver chassis, 
where the customer won't get at them, ( we hope). 

Obviously, the operating controls should be as 
few in number and as simple to operate as possi-

ble. If you could have only a push button to turn 
on the set and a selector swizcli or push buttons 

to pick the station you want to see and hear, that 

would be swell. But at the moment of writing, 

that is something for the future. 

The set-up controls on the receiver chassis, 

once adjusted properly at the customer's home, 

should not require further adjustments. Unless 

some new trouble develops, such as tube aging, 
tube replacement, circuit failure and installation 
of new parts, you should not expect a call back 
for receiver adjustment. That is, provided no one 
not qualified to do so has disturbed the set-up 

controls. 

The particular controls and their location will 
vary with different makes and models of television 
receiver; so you will have to study your manufac-

turer's instructions for that new model. For our 
typical receiver in this lesson, the 9T240, the 
controls and their locations are listed on the 
following page. 

Location of the Operating Controls. — For 
most models of the T240 series the operating 
controls on the front panel of the receiver are in 

the positions shown below: 

o 
HORIZONTAL 

HOLD 

VC RTIC AL 

HOLD 

Fig. 3-13 

Orr- ON 

SOUND 
VOLUMC 

Location of Set-up Controls. — Most of thd 

set-up controls are located at the rear of the re-

ceiver chassis, where you can easily reach them 

to make adjustments. Others are located on top 

of the chassis, or on the under side of the chas-
sis, or behind the station selector dial. Where 
each set-up control is to be found is shown in the 
following figures and text. For convenience, we 

have grouped the controls here according to their 
location. Our purpose here is to show what each 
control is like physically, where it is on the re-

ceiver, and what tool ( if any) is needed to adjust 

it. The actual adjustment procedures are ex-

plained later in this lesson, starting with Sec. 3-6. 

I. There are seven set-up controls located 
at the back of the chassis. Three of these — 

the height, focus and vertical linearity controls — 

are small knobs that are adjusted by hand. The 
locking range and horizontal drive controls are 

slotted screws that can be set with any small 
screwdriver. The width and the horizontal line-

arity controls must be reached through holes in 

the chassis. To set these, it is best to use ah 

insulated tool. The screw slot on these controls 



3-12 
TELEVISION SERVICING COURSE. LESSON 3 

Operating and Set-up Controls of 9T240 Receiver 

Part of Receiver Operating Controls Set-Up Controls Location Others 

Picture Tube BRIGHTNESS Control Focus Control Back of chassis 

Focus coil adjust- 
ment and centering 

Around kinescope 
neck 

Ion trap magnet ad- 
justment 

Around kinescope 
neck 

Deflection Coils 
adjustment 

Around kinescope 
neck 

Picture Channel PICTURE Control AGC threshold 
control 

Top of chassis Alignment and trap ad-
justments ( not included 
in set-up procedure.) 

Deflection and HORIZONTAL hold Horizontal Oscillat- Under side of 
Synchronizing control or frequency chassis 

Circuits 

VERTICAL hold 
control 

Horizontal locking 
range 

Back of chassis 

Horizontal Drive Back of chassis 

Horizontal Linearity Back of chassis 

Horizontal Centering Back of chassis 
(on some models) 

Vertical Centering Back of chassis 
(on some models) 

Width Control Back of chassis 

Height Control Back of chassis 

Vertical Linearity Back of chassis 

Horizontal Oscillat- 
or Waveform 

Side of chassis 

Sound Channel OFF-ON SOUND 
CONTROL 

TONE control ( on 
some receivers) 

Controls for alignmen 
of sound i-f and dis 
criminator stages. ( Nol 
included in set-up pro-
cedure) 

R-f Tuner Channel Selector Oscillator Fre - Behind Station Alignment and trap ad 
quency Adjustments Selector Dial justment (Not includec 

in set-up procedure) 

is most easily gripped by using the recessed end 

of a special insulated tool called a neut stick. 
The location of these controls are shown in the 

following diagram: 

Also visible in Fig. 3-14, are the focus coil 

mounting screws and centering adjustment screws. 
These can be reached from the rear of the chassis 
or from the top of the set, when the cover is re-
moved. They are Phillips-head screws and re-

quire the use of Phillips-head screwdrivers for 

adjustment. Use a long shaft Phillips-head screw-
driver when adjusting from the rear of the chassis, 
and a short shaft screwdriver when making the 

adjustment from the top. 

FOCUS COIL 
MOUNTING 
SCREWS 

NEI:uvle Ce) 
FOCUS ,RTicA, 

LINLARITY 

WIDTH 

CENTERING 
ADJUSTMENT 

SCREWS 

("0 (elORIZONTAL 
DRIVE 

LOCKING 
RANGE 

HORIZONTAL 
LINE AR,TY 

Rear Chassis Adjustments 

Fig. 3-14 
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2. The controls for adjusting the deflection 
coil, the focus coil and the ion trap magnet are 

most readily reached from the top of the chassis. 

On many models the AGC threshold control is 
also reached from the top of the chassis; although 

in later models it is expected that this control 
will be placed at the rear for better accessi-
bility. Fig. 3-15 is a top view of the chassis 

showing the positions of these controls. 

As previously mentioned, the focus coil ad-

justments are of the Phillips-head screw type. 
Adjustment of the ion trap magnet and the deflec-

tion coil is done by moving each unit by hand. 

The ion trap magnet fits on the neck of the kine-' 

scope and holds the position in which it is placed. 

The deflection yoke is held in position by tighten-
ing the wingnut adjustment by hand. 

3. The horizontal oscillator frequency adjust-
ment, which you must check and adjust, is located 

underneath the chassis. To reach it, you place 

the whole receiver on its side, with the high volt-

to antenna 
terminal board 

FINE TUNING control 

• CHANNEL SELECTOR 

age compartment down, without removing the 
chassis from the cabinet. The removal of a metal 

panel at the bottom of the cabinet exposes the 
control. This is shown in Fig. 3-16 on the next 

page. 

The horizontal oscillator frequency adjustment 
should be made with an insulated screwdriver 

(bakelite or nylon) or a neut stick. 

4. The r-f oscillator adjustments for most 

channels are located just behind the STATION 
SELECTOR dial as shown in Fig. 3-17 on the 

following page. 

The adjustments for channels 2 through 5 and 

7 through 12 are available from the front of the 

cabinet by removing the STATION SELECTOR 

dial ( or escutcheon). You do this by first removing 

the knobs from the shaft. This exposes the slide 

spring clip that holds the dial in place. Then 

slide the spring clip to the left to release the dial. 

The adjustment for channel 13 is on top of the 
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BRIGHTNESS control 
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control 
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  control 

filter 
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BOTTOM VIEW OF CHASSIS 

Fig. 3-16 

chassis and the channel 6 adjustment is in the 

kinescope well. It is best to refer to your Service 
Data notes for the exact location, since there is 

some variation in different models — and because 
there arc other adjustments near them that must 

not be touched. 

,' --*.•  
/ \ 
/ \ 
I i''''‘ I •_, 

/ 

1 11 0 
oscillator adjustment 

for channel numbier --•- 10 

Fig. 3-17 

The r-f oscillator adjustment should be made 

with a thin bakelite or nylon screw driver. You 

will probably find that your neut stick will not fit 

into the holes in the chassis that lead to these 
adjustments. 

Become familiar with the various controls and 

their locations. We will refer to them in the set-up 

procedure described in the next lesson. 

COMMON TROUBLES AND REMEDIES 

3-6. If the world were full of perfect materials, 
processes and mechanisms, this section probably 
wouldn't be needed. In fact, a lot less tech-
nicians would be needed, and there would be a 
definite shortage of picturesque profanity. But 
since materials, processes and mechanisms are 
far from perfect, including human beings, it's 

necessary to know what to do when some imper-
fection shows up. All of which means that now 

and then you're going to encounter a set which 

just doesn't act right, even though, it's a new one, 
right off the dealer's floor. There are many 
reasons why this can happen, such as rough 

handling, faulty inspection at the factory, a de-
fective component, etc. 

When, it does happen, some of the troubles that 
arise will be of a kind you can't be expected to 
handle when you're out on an installation job. In 
such cases, where your tests show that there is 

something wrong with the set which you can't 
fix, call your office and get instructions, if you 

have not already been told what to do. You elso 
then have a very delicate and important customer 

relations problem to handle, which will be covered 
thoroughly in Lesson 5. The best thing to do is 
explain that, while every receiver is carefully 
tested and inspected at the factory before being 
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packed, sometimes one can be badly jarred or 

bumped in shipment, and thus arrive damaged, 
even though the carton is not broken. Naturally 
you're sorry it has had to happen to them, etc., 
but you're calling in to the office about it, and 

the whole thing will be taken care of as fast as 

possible. And of course, if you've got quite a lot 

of the actual installing job done, you put things 
away as neatly as you can, and generally go a 

little further in leaving the customer with a good 
impression. Remember, he was expecting to be 
looking at wrestlers or a ball game when you left, 
and he's bound to be a bit disappointed. 

But unfortunately, even though you do run into 

some defective receivers, most of them will have 
troubles that you can take in your stride and cure 
right on the spot. Here's a list of the more 
common ones. 

Picture, But No Sound. — Most of the time 
this is not even the result of a defect at all. It 

can result from not having the volume control 

turned up, which sounds silly, but can cause you 
trouble if you're sure it is turned up, when it isn't. 

Probably the most common cause of this condi-
tion is mistuning with the fine tuning control, 

especially on the higher channels. It is quite 

possible to be tuned so far off that the sound 
carrier is completely out of the pass band of the 
receiver, and still have a fairly good picture. Of 

course the way to check and correct this is to 

swing the fine tuning over its entire range until 

Fig. 3-18 

the sound comes in at best quality. Busy house-

wives often unknowingly move the fine tuning 
control to one end of its travel when dusting, and 

then fail to readjust the fine tuning when the set 

is turned on again, particularly if they leave it 

switched to the same channel. It's part of your 
job so to instruct the set owner that some little 
thing like that doesn't result in a service call, 
so be sure that you not only keep this point in 

mind yourself, but make it clear to the owner as 
well. 

There's another easy way to get a picture 
without sound in several receiver models like 
the 9T240. That is to forget to plug in the 
loudspeaker after having it out of the set for 
some reason. In some receivers, you won't get 
any picture with the speaker plug out, either. 
This is because the field coil of the dynamic 
speaker used is also acting as part of the low 
voltage B plus filter, and with the plug out, 
no B plus can reach certain tubes in the set. 
In either case, the correction is pretty obvious. 
And when you are making your final check in-
side the set, be sure the speaker is plugged 
in securely so the cable can't work loose later 
and result in a preventable service call. 

If a check reveals that none of these causes 

are responsible for the lack of sound, check the 
seating of all the tubes, giving them a gentle 

wiggle in their sockets. (We know Lesson 2 said 
never wiggle them. But if you don't try to force 

a tight tube, it's ok.) If this produces sounds in 

the speaker, you may be on the right track, as a 
poor contact with a tube base pin in the sound 
channel might be the defect you're looking .for. 

Also, inspect all the tubes in the sound channel 
for open filaments. In the glass ones you can see 

the glow and feel the warmth with your hand, but 
in metal tubes you'll have to rely on the heat 
alone. If these tests show up no defect, carefully 

inspect the wire of the speaker leads and the 
speaker itself for broken voice coil leads, etc. If 

there is still no solution, the chances are you 
have a job for a service man on ydur hands, and 
of course, you should report it at once and ask 
for instructions. 

Picture and Sound Do not Track. — This is 

almost invariably the result of a weak signal on 
the channel in question. If other channels show 
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no such difficulty, this is pretty definitely what 

is wrong. The answer may be to reorient the 
antenna, move it to a different location where the 
signal from the weak station is stronger, or ex-

tend the mast higher. If all, channels show the 
effect, you may either have a defective receiver, 

or something may be preventing the signals picked 
up by the antenna from reaching the input termi-

nals of the set. Of course, it is also possible 
that you are in an area where all signals are very 
weak, but if this is the case, you probably found 

it out while locating and orienting the antenna. In 
any case, check carefully to see that you actually 
have good, solid connections from the receiver 

input through the transmission line to the antenna. 

If the fault is still not located, try changing 
the r-f amplifier tube, and after that, the converter 
tube, being careful' to seat each tube gently but 
firmly each time. A good rule to follow when 
making any sort of test is to change only one 

thing at a time, so you can be sure just what is 
defective when you have cured the trouble. When 
changing tubes, always replace the tube originally 

in the socket when you have definitely established 
that it is not the source of the trouble. In quite a 
few circuits in television receivers, the circuit 
may requit realignment for optimum performance 
if a different tube is used, and this is no job to 
tackle while making an installation. 

If the receiver seems normal on all other 

channels and nothing can be done to help matters 
on the weak channel, you have another delicate 
customer relations job on your hands. It is most-
ly a matter of explaining that in some areas, the 
signal strength from certain stations is simply 
not great enough to provide proper reception with-
out special antenna systems. Incidentally, before 
you go into this with the set owner, you should 
have checked as well as you can to find out if 

other sets in the area have any trouble with the 
station in question. Don't rely on the customer's 
report of the remarks of his neighbor down the 

street who says he has a "perfect picture on 
every channel", for most of us are all too human, 
and tend to brag and exaggerate the performance 
of something new we have bought, if we are 
pleased with it. Don't suggest this to the set 

owner, of course. Just be courteous and listen 
politely, and try to get a chance to see for your-
self how well the neighbor's set brings in the 

station. Chances are you will be able to see the 
neighbor's set in action, aided by your customer's 
desire to have everything perfect in his installa-
tion. 

If the same trouble shows up, the explanation 
is obvious to your customer, and if it doesn't, 
check on the height, type, and orientation of the 
neighbor's antenna. Incidentally, don't be fooled 
because one house is further up a hill than an-
other. See which antenna is actually higher, and 
make sure there isn't a billboard, a bridge, or 

some other structure shadowing your antenna. 
Almost always you'll find that you can either 
solve the problem or at least leave the customer 
with a satisfactory explanation of the trouble, if 

you try these methods, and others your own ex-
perience and ingenuity suggest to you. 

Contrast Too High. — The effect of having the 

contrast control set too high is to compress the 
tone range of the picture, so that the white areas 

look chalky and washed out, and the dark areas 
go completely black, with no detail showing. 

Fig. 3-19 

The obvious remedy is to turn down the con-
trast control, at the same time readjusting the 

brightness control. 

Brightness Too High. — If the contrast is 
about right but the brightness control is up too 
far, the whole screen will be too light, detail will 
be lost in the lighter areas, and there will be a 

tendency toward " bloom", in which the line 
structure of the raster becomes blurred anJ inde-
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Fig. 3-20 

finite, in spite of good focus adjustment. Again 
the obvious cure is to back down on the control, 
at the same time testing the contrast control for 
optimum adjustment. You must make clear to the 
set owner that both these controls affect the 
picture greatly, and one can seldom be readjusted 
without touching up the other. The owner's 
Instruction Book covers this, but you must not 
expect it to do the whole job, for there are many 
people who have great difficulty learning from 
books alone, no matter how good the book may 
be. (Are you having any trouble of this kind?) 
It's up to you to show the customer carefully how 
the two controls should be manipulated to get the 
optimum picture, and how the settings needed on 
different stations may vary slightly due to differ-
ences between transmitters and operators. And of 

course, you should get the customer actually to 
operate the controls a bit to get the feel of them 
and overcome any timidity he may feel toward 
them. 

Hold Controls Set Wrong. — If the horizontal 
hold control is set wrong, the raster will be torn 
into parts, or held out of frame so the black bar 
at the right shows. This effect is illustrated in 
Fig. 3-21. 

If the vertical control is set wrong, the picture 
may move up or down out of frame, or it may even 
roost half-way in and half-way out, and stay there 
like a politician straddling some issue half-way 

through an election. Housewives seem to have 
an almost incredible knack of achieving this ad-

Fig. 3-21 

justment, so you must be very careful to explain 
that in setting the control it is not enough to just 
turn it until the picture quits moving, but that the 
control should be carefully advanced a little past 
the point where it locks into frame. Fig. 3-22 
shows the picture out of sync vertically. 

In either case, the answer lies in really getting 
the customer used to manipulating the controls, 
and being tactful and patient while you do it. 
Some fellows seem to get the idea that a customer 
is less intelligent than they are, simply because 

he is slow ro catch on to the knack of setting the 

control properly. You, of course, won't make 
any such foolish and tactless mistake, because 
you know that anyone is likely to be timid and 
cautious when asked to tackle a new stunt under 
the critical eye of an expert. If you'd never be-

fore tuned a piano, and were asked to tackle the 
job before a master of that craft, you'd probably 
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Fig. 3-22 

have the same hesitation and lack of confidence. 

This is why it's part of your job to make the 
customer feel that he's just as capable of handling 

the controls as you are, once he's got the feel of 

them. Chances are he is. 

Miscellaneous Troubles. — There are some 

other annoying little troubles that can happen out 
on the job that will cost you time and work if you 
overlook them. One of them is the TV-Phono 

switch used in many sets such as Model 9T240. 
The switch is located on the rear apron of the set, 

and cuts off television operation when set in the 

Phono position. If you can't get any picture, 

better check the position of this switch, if the 
set has one. 

If you seem to have no power at all, make sure 
you have the set plugged in — and that the plug 
hasn't slipped out of the socket again. Lesson 4 
has more details on difficulties with the electric 
power line. 

If the set works, but all signals seem to have 

become suddenly weaker than they were when you 
were making your first checks, take a look to 

make sure that you haven't left the antenna dis-
connected while moving the set to work behind 
it, or something similar. It's quite possible to 

forget to replace a tube also, say the r-f amplifier, 
and of course that will affect reception seriously. 
In general, it pays to be methodical and system-

atic in your work, and to keep parts and tools 
well " picked up" as you go along, using the drop 

cloth as a sort of home base to which things get 
returned after use. The practice will pay off in 
improved efficiency, and lessened accidents and 

damage to the sèt owner's property. 

Finally, there is one other point to be re-

membered in connection with the more elaborate 
receivers having a radio and phonograph. The 
Function switch on the front panel must be 

set in the correct position for the use desired. 
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ledeloot 4 
INTRODUCTION 

4-1. In the previous lesson, we discussed the 
preliminary steps in installing a television re-
ceiver. These involved such factors as locating 
the receiver and antenna,' unpacking and as-
sembling the receiver, and locating the various 
controls and adjustments. We also discussed 
some simple troubles and their remedies. 

In this lesson, we are continuing our discussion 
of receiver installation with specific instructions 
for the model 9T240 as a typical receiver. We now 
know what the various controls and adjustments 
are and where they will usually be found. Our ob-
jective now is to actually see how these various 
adjustments are made to insure correct operation 
of the television receiver. In so doing, we shall 
cover the following specific points. 

1. Adjustments of the picture tube assembly. 

2. Adjustment of the so-called "set-up" controls. 
This has been divided into three sections: 
(a) Sync Adjustments, \b) Picture Quality Ad-
justments, ( c) Tuning adjustments. 

3. Difficulties with the electric power source. 

4. Instructing the customer in the operation of the 
receiver. 

Since we are going to begin our discussion 

with adjustments of the picture tube assembly, a 
photograph of this is shown in Fig. 4-1. 

PICTURE TUBE ADJUSTMENTS 

4-2. With the kinescope installed in its proper 

position on the receiver chassis,it is necessary 

to turn on the power before proceeding with pic-
ture tube adjustments. It is your job to determine 
the proper setting for the ion trap magnet, the 

deflection yoke, the focus coil and the FOCUS 
control to get the picture tube to operate just 

right. 

Ion Trap Magnet Adjustment. — When you look 

down at the kinescope electron gun structure in 
the neck of the tube, you will see two small metal 

flags on the second cylinder from the base, thus: 

Fig. 4-2 

With the kinescope positioned so that the 
metal flags are horizontal, the ion trap rear magnet 
poles should be approximately over the ion trap 
flags. 

Fig. 4-1 
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You must adjust the ion trap magnet for the 
position that will give the brightest raster on the 
kinescope screen. Set the stage for this adjust-

ment by turning the power switch "on", the 
B,RIGHTNESS control fully clockwise, and the 
PICTURE control counterclockwise. Incidentally, 
check to see whether there is a TV-PH (Tele-

vision-Phonograph) switch included on the 
chassis. If there is such a switch, it must be in 

the TV position; otherwise, the picture tube may 
not operate. 

Now adjust the ion trap magnet by moving it 
forward or backward; at the same time rotating it 
slightly around the neck of the kinescope, until 
you reach the position that will give the brightest 

raster on the screen. 

Do not keep the BRIGHTNESS control in the 
fully clockwise position for a longer period than 

necessary to make the adjustment. This might 

result in damage to the screen. Reduce the 
BRIGHTNESS control setting until the raster is 
slightly above average brilliance. 

Focus Adjustments. —To obtain a sharp focus, 

so that the line structure of the raster on the kine-
scope screen is clearly visible, you must adjust 
both the focus coil and the FOCUS control, and 
readjust the ion trap magnet. 

The focus coil should be concentric around 
the neck of the tube. For best overall focusing, 
it should be moved as far toward the rear of the 
receiver as the supports will permit. Mechan-
ically center the coil by adjusting the coil mount-
ing and centering screws indicated in Fig. 3-6 
(Lesson 3). 

This gives an approximate focusing adjust-
ment. Fine adjustment of the electron beam is 
made by varying the current in the focus coil. 
You do this by setting the FOCUS control. This 
control is at the back of the chassis, as shown in 
Fig. 3-14 (Lesson 3). 

The change in focus requires a readjustment 
of the ion trap magnet for maximum raster bril-

liance. Make the final touches on the adjustment 
of the ion trap magnet with the BRIGHTNESS 
control at the maximum position with which good 

line focus can be maintained. Fig. 4-3 shows 

the effect on the test pattern of misadjustment of 

the focus coil and ion trap magnet. 

Fig. 4-3 

Because of the inter-relationship between the 
action of the ion trap magnet and the focusing 
adjustments, whenever you change the setting of 
one you must recheck the setting of the other. 
Except during the initial setting of the ion trap 
magnet, keep the BRIGHTNESS control setting 
down to a level that is pleasing to the eye. If 
the brightness control is set too high the raster 
may bloom — that is expand in size and go out 
of focus. If this happens, the lines are not 
easily distinguished and this will make focusing 
adjustment difficult, or impossible to accomplish. 

Adjusting the Deflection Yoke. — The deflec-
tion yoke must be adjusted if the lines of the 

raster (or edges of the test pattern) are not hori-
zontal and squared with the picture mask. The 

picture frame should line up with the mask, like 
this: 

Fig. 4-4 
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Rotate the deflection yoke to that position in 

which the raster or picture is properly squared. 

In making this adjustment be sure to keep the de-
flection yoke as far forward as possible. Tighten 
the yoke adjustment wing screws to hold the yoke 

firmly in the position where the raster or picture 

is horizontal and properly squared. 

With the picture tube operating properly, you 

are ready to check the picture quality to see what 

additional adjustments of the set-up controls on 
the receiver chassis you will have to make. 

ADJUSTMENT OF SET-UP CON TROLS 

4-3. For the picture tube adjustments de-

scribed in the previous section, it is not neces-

sary to tune in a television station. The receiver 
itself generates a raster on the kinescope screen, 

whose line structure is sufficient indication for 
the adjustment of the picture tube controls. 

When you tune in a station, ¿he lines traced 
out on the kinescope screen are modified by the 

video signals and the synchronizing pulses to 

form a televised picture. The quality of the pic-
ture depends upon the proper adjustment of the re-

ceiver operating and set-up controls. 

The proper settings for the receiver operating 
controls on the front panel — the controls which 

the customer will use, and sometimes abuse — 
have been explained in Lesson 2. If the operating 
controls are to work properly, the set-up controls 

on the receiver chassis must first be properly 

adjusted. 

These controls are checked and adjusted in 

the following order. 

1. Check horizontal oscillator alignment. 

2. If necessary, align the horizontal oscillator. 

3. Check picture centering and, if necessary, adjust 
the focus coil and centering controls ( if any). 

4. Check the height and vertical linearity on the pic-
ture or test pattern and, if necessary, adjust the 
height and vertical linearity controls. 

5. Check the width and horizontal linearity on 
picture or test pattern and, if necessary, adjiist 
horizontal drive, the horizontal linearity and 
width controls. 

6. Check the focus and, if necessary, readjust the 
focus control. 

7. Check and, if necessary, adjust the AGC threshold 
control. 

8. Tune in all available stations to see if the receiver 
r-f oscillator is adjusted to the proper frequency on 
all channels. 

the 
the 
the 

In the following three sections, we have 

grouped the various set-up adjustments for con-
venience as follows: ( 1) Sync Adjustments, (2) 
Picture Quality Adjustments, and (3) Tuning 
Adjustments. 

SYNC ADJUSTMENTS 

4-4. When the receiver is put into operation, 
following the procedure given in Lesson 2, a 

picture or test pattern should be obtained from a 
station operating at the time. For test purposes 

it is best to pick a station that is showing a test 
pattern ( if it is available at the time). 

Conditions Affecting Sync. — If the horizontal 

oscillator and AGC systems are operating pro-
perly, it should be possible to sync the picture 

so that it holds steady on the screen. But, if the 
AGC threshold control is not adjusted propeily 
and the receiver is delivering too' much signal 

(overloading), you can have a condition in which 
it is impossible to get a steady picture. 

Make sure that you first try all the normal 

operating adjustments to synchronize the picture. 

If that won't work you can reduce the receiver 

overloading by adjusting the AGC threshold 
control. 

We mention receiver overloading as a possi-
bility that could happen. If it does, it must be 
corrected before other adjustments can be pro-
perly made. However, remember that inability to 
sync the picture may be due to other causes than 
an incorrect setting of the AGC control. If the 
trouble is overloading, the AGC threshold adjust-
ment will have to be made. But to be sure that 
the trouble is not something else, first recheck 
the operating controls and check the hprizontal 
oscillator alignment. If at any time you can get 
the picture to synchronize, even for a brief period, 
the trouble may not be due to overloading. 

The Horizontal Oscillator. — There is normally 

very little trouble with vertical sync, so no 

standard set-up adjustment is necessary. How-

ever, improper alignment of the iorizontal oscil-
lator at the time of installation is a frequent cause 

of service calls that could have been avoided. It 
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would be fine if synchronizing circuits could be 
made so foolproof that no front panel controls 

would be needed. The next best thing is to re-

duce as far as possible the range in which mis-

adjustment of the operating controls can take 
place, and to put the HORIZONTAL control on 
the front panel where the set owner can readjust 

it when and if it is necessary. 

The horizontal oscillator is the circuit that 
generates the deflection signal which determines 
the rate of horizontal sweep. Its frequency must 
be locked exactly with the frequency of the hori-
zontal sync pulses in the composite video signal. 
The closer the frequency, the easier this is to 
accomplish. In our typical receiver there are three 
adjustments affecting this: ( 1) the horizontal 
frequency adjustment; (2) the horizontal locking 
range adjustment, and (3) the horizontal drive 
adjustment. The process of making all three ad-
justments so that the oscillator pulses are syn-
chronized, or lined up with, the sync pulses, is 
called alignment of the horizontal oscillator. 

Checking the Horizontal Oscillator Alignment. — 
The horizontal oscillator alignment must be 

checked to see that the picture pulls into sync 
within the proper limits of rotation of the HORI-

ZONTAL hold control. With present oscillator 
circuits the picture will remain synchronized 
while the HORIZONTAL hold control is rotated 
over the greater part of its range. This is the 
locking range, which is the horizontal oscillator's 
frequency range wherein the picture stays syn-

chronized if the signal is not interrupted. But if 
for some reason the picture is disturbed and thrown 

out of synchronization, it will not be pulled back 
into sync until the control is adjusted within a 

much narrower range. This is called the pull-in 
range. 

In order to see if the HORIZONTAL hold con-
trol operates properly, use the following procedure 
for checking the horizontal oscillator alignment: 

1. Turn the HORIZONTAL hold control to the extreme 
counterclockwise position. The picture should re-
main in horizontal sync. 

2. Momentarily remove the signal by switching off the 
channel being viewed and then switching back to 
the same channel. Normally this will throw the 
picture out of sync. 

3. Slowly turn the HORIZONTAL hold control clock-

wise. This gradually reduces the number of di-
agonal black bars visible on the kinescope screen. 
The proper pull-in condition will vary somewhat for 
different receiver models. For the 9T240 receiver 
this condition is reached when only three bars 
sloping downward to the left are obtained, as in 
Fig. 4-5, below, and then the picture pulls into 
sync when you rotate the control just a bit farther 
clockwise. 

Fig. 4-5 

4. Observe the position of the control where the pic-
ture pulls into sync. When the horizontal oscillator 
is properly aligned this pull-in point is approxi-
mately 90 degrees from the extreme counter-clock-
wise position. 

5. Continue to rotate the control clockwise. The pic-
ture should remain in sync for approximately 90 
degrees of additional clockwise rotati,on. 

6. Continue rotating the control to the extreme clock-
wise position. At this extreme position the picture 
may go out of sync, and show one diagonal black 
bar sloping down toward the right or one vertical 
like this: 

Fig. 4-6 

These checks of the limits of stable sync 

operation, with a normal and steady picture within 
those limits, indicate that the horizontal oscil-
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lator is properly aligned. If the receiver (ails to 

pass these tests, the horizontal oscillator must 

be adjusted. 

Procedure for Adjusting the Horizontal Oscil-
lator. — If there is trouble with the horizontal 
oscillator, there are three controls that you must 
check and adjust. These are the horizontal fre-
quency adjustment, the horizontal locking range 
adjustment and the horizontal drive control. In 
this receiver, the horizontal oscillator frequency 
control is located under the chassis; but you can 
get at it through the bottom of the receiver cabinet, 
In other receivers this control may be found on 
top or at the rear of the chassis. The horizontal 
locking range and the horizontal drive controls 
are usually at the rear of the chassis. 

1. Horizontal Oscillator Frequency Adjust-
ment. — To reach this control turn the receiver 
on its side with the high voltage compartment 
down. Remove the metal panel and the control 
can be reached in the position shown in Fig. 
3-16 (Lesson 3). 

Now turn the HORIZONTAL hold control on 
the front panel to the extreme clockwise position. 
Tune in a television station. The extreme clock-
wise position of the HORIZONTAL hold control 
is an important control point for the horizontal 
oscillator adjustment. When the adjustment is 
correct, as explained in the previous section on 
"Checking the Horizontal Oscillator Alignment", 
the picture should be out of sync and should show 
a vertical or diagonal black bar. But a slight 
movement of the HORIZONTAL hold control 
counterclockwise should bring the picture into 
sync. 

If the picture does not check that way, adjust 
the horizontal oscillator frequency adjustment and 
repeat the checking procedure until the picture 
checks normally. 

The frequency of the horizontal oscillator may 

shift slightly as a result of the aging of the oscil-
lator tube. The adjustment we have outlined is 

the best way of knowing that it is set right. 

2. horizontal Locking Range Adjustment. — 

In normal operation the picture should remain in 
sync as the HORIZONTAL hold control is rotated 

clockwise, all the way to the extreme position. 
But within 90 degrees of rotation at the counter-

clockwise end of the control the picture will 
normally go out of sync when you remove the 

signal by switching off channel and then back. 
f his pull-in range is less than the locking range 

because it is more difficult to pull the horizontal 

oscillator into sync than it is too keep the oscil-
lator synchronized once it has been locked in. 

When the HORIZONTAL hold control does not 
sync the picture over a wide enough range, you 
can make the correct locking range adjystment 
as follows: 

1. Set the HORIZONTAL hold control at the full 
counterclockwise position. 

2. Momentarily remove the signal by switching off 
channel and then back. 

3. Slowly turn the HORIZONTAL hold control clock-
wise and note the least number of diagonal bars 
obtained just before the picture pulls into sync. 

4. If more than three bars are present just before the 
picture pulls into sync, adjust the horizontal lock-
ing range control slightly clockwise. 

5. If less than three bars show, the adjustment of the 
horizontal locking range control is made in the 
opposite direction, counterclockwise. 

6. Turn the HORIZONTAL hold control again counter-
clockwise, momentarily remove the signal and re-
check the number of bars present at the pull- in point. 

7. Repeat the adjustment until the correct condition 
of three bars present at the pull- in point is obtained. 

The adjustment of the horizontal locking range 
control may affect the frequency of the horizontal 
oscillator. So you must go back and recheck the 
operation of the HORIZONTAL control at the 

extreme clockwise position and readjust the hori-
zontal oscillator frequency control, under the 

chassis, if that is necessary. 

If you have to change the setting of the hori-
zontal oscillator frequency control, that in turn 
requires a recheck of the operation of the HORI-

ZONTAL hold control at the counterclockwise 
end of its range. If the check at this end does 

not show correct operation, you have to readjust 

the horizontal locking range control. 

With care, you should reach the correct adjust-
ment within one or two checks at both ends of the 

HORIZONTAL hold control range. 

3. Other Adjustments that Affect the hori-
zontal Oscillator. — Later in the set-up procedure 

you may adjust the setting of the horizontal drive 

control to get the proper picture width. Since 
this setting has some effect on the horizontal 
oscillator frequency, you must follow this with a 
recheck and readjustment of the horizontal oscil-

lator. 
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In rare cases it may be impossible to obtain 
synchronization by the normal adjustments given 

above. As previously mentioned, the trouble 
could be in the AGC system. This adjustment 
will be explained later. However, the trouble 
could also be in the horizontal oscillator circuit. 

Where such trouble is at all possible — and it 
very rarely happens in a new receiver — refer to 

your Service Data notes for the particular model 
of receiver concerned for special methods for hori-
zontal oscillator frequency adjustment. Since 

such methods may require the use of a cathode 
ray oscilloscope, they will be studied later in the 
servicing section of this course. 

PICTURE QUALITY ADJUSTMENTS 

4-5. When the picture synchronizes properly 
you can go ahead with adjustments to improve 

picture quality. To judge whether the picture is 
the right height and width and whether it is dis-
torted or out of focus in any part of the screen, it 
is best to tune in a test pattern. 

This NBC test pattern is typical. 

Fig. 4-7 

The picture should be 3/4 as high as it is wide. 
Therefore, in the test pattern the inner circle has 
a diameter only 3/4 that of the outer circle. You 
must adjust the picture controls so that the outer 
circle just touches the sides- of the frame, while 
the inner circle touches the top and bottom. 

The converging lines enable you to judge how 
well the focus controls are set, and in what part 

of the picture there is distortion that must be 
corrected. 

4-7 

To improve the sharpness and general appear-

ance of the picture, the following controls are 
checked and adjusted in the order given: 

1. Centering adjustments. 

2. Focus coil adjustments. 

3. Recheck ion trap magnet. 
4. Height and vertical linearity adjustments. 

5. Width, drive and horizontal linearity adjustments. 

6. Recheck alignment of the horizontal oscillator. 

7. Adjust the focus control. 

1. Centering Adjustment. — The picture may 

be off center as shown in Fig. 4-8. 

Fig. 4-8a Picture off center horizontally. 

Fig. 4-8b Picture off center vertically. 

Centering of the picture is obtained in some 
models by mechanically positioning the focus coil 
by means of the three centering adjustments screws 
shown in Fig. 3-14 (Lesson 3). Some models have 
electrical centering controls, located at the rear 
of the chassis, and others accomplish centering 
by means of a separate plate just forward of the 
focus magnet. 
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Center the picture on the screen by adjusting 
the three centering screws, or by whatever means 
are provided. If the focus coil has been properly 
positioned when the kinescope was installed, 
only minor adjustments will be needed now. It is 
important that the focus coil be concentric with 
the neck of the kinescope to prevent curvature 
of the picture; and as a general rule it should 
be placed as far toward the rear of the receiver 
as its supports permit, for best overall focusing 
results. 

If a corner of the picture remains shadowed 

after the centering adjustments are made, the 

position of the focus coil will have to be changed. 

Loosen the focus coil mounting screws and 
readjust the position of the coil to eliminate the 
shadow. Then recenter the picture. 

As previously mentioned, every time you ad-

just the focusing coil you must also recheck and 
readjust the ion trap magnet for the position that 
gives maximum brilliance on the screen. 

2. Height and Vertical linearity Ad justments. — 

Two adjustments control the height of the picture. 
These are the height and the vertical linearity 
adjustments, usually located on the rear of the 

chassis. Misadjustments of these controls show 
up in distorted patterns such as these: 

Fig. 4-9 a Vertical non-linearity. 

Figure 4-9a shows the picture crowded 
at the top. The top and bottom are not sym-
metrical. This is a non-linear condition and must 

be corrected by adjusting the linearity control. 

Figure 4-9h shows the picture stretched out 
vertically. The linearity appears to be alright. 

In this case it is the height of the picture that 
must be reduced. However, the linearity and 

height controls are so closely interlocking that a 

change in one requires a check and usually a re-
adjustment of the other.. 

Fig. 4-9b Excessive height. 

Watch out for any change in linearity when you 

change the height of the picture. You will have 

to readjust the linearity control if the top and 
bottom wedges don't look alike. 

The procedure is: 

1. Adjust the height control until the picture just fills 
the frame or mask vertically. 

2. Adjust the vertical linearity control until the test 
pattern appears symmetrical from top to bottom. 

3. Adjustment of either control will require a readjust-
ment of the other. 

4. You may also have to recenter the picture to align 
it with the frame over the kinescope screen. 

3. Width, Drive and Horizontal Linearity Ad-
justments. — There are three controls that affect 

the width of the picture. They are the horizontal 

drive, horizontal linearity and width controls 
usually located at the rear or top of the chassis. 
See Fig. 3-44 (Lesson 3). 

When you see distorted patterns that look like 
those in Fig. 4-10 they indicate improper adjust-
ment of these controls. 

Figure 4-10a shows the picture cramped in the 

middle. Ile horizontal linearity control may be 
adjusted to correct this. 
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Fig. 4-10a 

In Figure 4-10b the picture is too wide. The 
picture width must be reduced by adjusting the 

width control. 

Fig. 4-10b 

In Figure 4-10c the picture is non-linear, with 
the circles in the test pattern definitely egg 
shaped. This condition can be corrected by 

adjusting the horizontal drive control. 

Fig. 4-10e 

The best order to follow in adjusting the hori-

zontal controls for picture quality follows: 

1. Adjust the horizontal drive control to give a picture 
of maximum width within the limits of good linearity. 
Don't worry about the picture width at this point. 

2. Adjust the horizontal linearity control to make both 
sides of the test pattern symmetrical, and provide 
the best overall linearity. 
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3. Adjust the width control until the picture just fills 
the frame or mask over the kinescope screen. 

If you change the adjustment of the horizontal 
drive control, you must remember that this control 
also affects the horizontal oscillator alignment. 
So you have to go back and check the oscillator 

alignment as explained in Sec. 4-4 and make any 

slight readjustments you find to be necessary. 

4. Final Focus Adjustment.— You can usually 
touch up the picture to give sharper definition, 

after picture quality controls have been adjusted 
to give the right height, width and linearity to the 
test pattern. 

Adjust the focus control, at the rear of the 
chassis, to give the sharpest definition of the 

vertical wedges of the test pattern, and the best 
focus in the white areas of the pattern. 

To make sure that the picture tube does not 
get out of adjustment due to handling of the re-
ceiver, check to see that the kinescope cushion 
and deflection yoke adjustment screws and the 
focus coil mounting screws are tight. 

5. AGC Threshold Control. — The AGC thres-
hold control adjustment determines the level at 
which the automatic gain control (AGC) system 

begins to operate. 

The function of the AGC system is to reduce 
variations in the brightness and contrast of the 
picture due to variations in the signal strength at 
the antenna. It is thus associated directly with 
picture quality. In the 9T240 receiver, the AGC 
control is a potentiometer and is therefore con-
tinuously variable. In other receivers, this control 
may be a switch with several positions. 

You must check the AGC operation and in some 

receiver locatioas you may find that an adjust-
ment is needed. To check the setting of the AGC 
threshold control, tune in the strongest signal, 

sync the picture and then proceed as follows: 

1. Turn the PICTURE control to the maximum clock-
wise position. 

2. Turn the BRIGHTNESS control counterclockwise 
until the vertical retrace lines just disappear. 

3. Momentarily remove the signal by switching off 
channel and then back. 

4. When the ACC threshold control is properly set the 
picture reappears immediately following this test. 
But if tne picture takes longer than nalf a second 
to reappear, tne control snould ue adjusted. 
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If adjustment is required, check to see that the 
PICTURE control is at the maximum clockwise 
position. 

5. Then turn the AGC threshold control in the di-
rection that reduces the gain of the receiver. In 
some models this is fully counterclockwise. In this 
position the picture may remain O.K. or the top one-
half inch of the picture may be bent slightly. 

6. Now turn the control slowly clockwise until there is 
a very slight "bend" or change of bend in the top 
one-half inch of the picture like this: 

Fig. 4-11 

7. Then turn the AGC threshold control counterclock-
wise just far enough to remove the bend or slight 
tearing in the picture. This is the proper setting of 
the control. 

The AGC threshold control adjustment should 

be made on the strongest signal received, if you 

are to be sure that the receiver will not overload 
when a strong signal is received. 

The method of adjustment outlined may not 
work in areas where the received signal is very 

weak, because it may be impossible to get the 
top of the picture to bend. In this case you make 
the adjustment by continuing to turn the AGC 
threshold control clockwise to increase gain until 
the snow in the picture becomes more pronounced. 
This snow is an indication of noise interference 

originating within the receiver. You back down 

the gain of the receiver by turning the AGC thresh-
old control counterclockwise until you get the 

best obtainable signal to noise ratio in the picture. 

After the AGC threshold control has been pro-
perly set, replace the cabinet top. Any metal on 

the cabinet top, for example the speaker, may 
affect the focus coil action in centering the pic-

ture. So, be sure to check and, if necessary, re-
adjust the picture centering after the cabinet top 
has been replaced. 

TUNING ADJUSTMENTS 

4-6. Now, with the replacement of the cabinet 

back panel, the normal set-up adjustment of the 
receiver is almost completed. But there is one 

more routine test of the receiver you must make. 
You must check to see whether all available 
stations can be tuned in properly. 

In the 9T240, if any. station does not tune in 
properly within the middle third range of adjust-
ment of the FINE TUNING control, that channel 
will have to be realigned. 

Realignment that requires the use of test 

equipment is normally not done in the customer's 
home. In such a case the set must be taken back 
to the shop where all necessary equipment is 

available. 

R-f Oscillator Adjustments. — If the FINE 

TUNING control does not bring in a station at a 
setting near the middle position of that control, 
the condition can be corrected by a slight adjust-
ment of the r-f oscillator. 

The procedure is: 

1. Tune in all available stations and note the position 
of the FINE TUNING control at which the station 
comes in properly. The setting is made by listen-
ing to the sound for best sound quality. It may be 
possible to get sound at three different positions of 
the control. The middle position of the three is the 
correct tuning position. At the two extreme posi-
tions of the FINE TUNING controlwhere it is possi-
ble to get sound you may also get sound bars in the 
picture. 

2. Note those stations that do not come in within the 
middle third of the range of the FINE TUNING 
control. These are the channels that have to be 
adjusted. 

3. Remove the knobs and the STATION SELECTOR 
dial to expose the r-f oscillator adjustments (See 
Fig. 3-17 ( Lesson 3). 

4. If more than one channel is to be adjusted, correct 
the higher frequency channel first. 

Remember that a change in the adjustment of 

a higher frequency will affect the r-f oscillator 
adjustment of all lower channels. 

Now let's take a close look at the r-f oscil-
lator adjustments. Not all of the adjustments are 
located behind the STATION SELECTOR dial. 

In that position we find the adjustments for 

Channels 2 through 5 and Channels 7 through 12. 
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Note the numbered holes through which the r-f 
oscillator adjustments can be reached. A rotary 

plate attached to the STATION SELECTOR shaft 
closes all holes except that for the channel to 
which the STATION SELECTOR is set. This 

prevents you from touching any other adjustment 
than the right one for the station to which you 

are tuned. 

The adjustment for Channel 13, the highest 
frequency of' the high frequency television band, 
and the adjustment for Channel 6, the highest 

frequency of the low frequency band, are critical 
adjustments that affect the settings of all the 
other channels in their respective bands. These 
adjustments are on the r-f tuner assembly and are 

reached from the top of the receiver chassis. 

chan. 6 
osc. L3I 

I 

CHANNEL SELECTOR 

kinescope 

chan. /3 

osc. C6 

TOP VIEW OF CHASSIS 
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1. Turn the STATION SELECTOR to Channel 13 and 
tune in the station by adjusting the FINE TUNING 
control for the best sound quality. 

2. Check to see if the station tunes within the middle 
third of the range of the FINE TUNING control. 

With the STATION SELECTOR dial removed you 
can see that the FINE TUNING control shaft is 
coupled by a belt to a wheel which controls the 
FINE TUNING adjustment. At the factory a pencil 
mark is normally placed on this wheel to indicate 
the middle of the range of the control. This is 
shown in Fig. 4-13 on the next page. 

3. Check to see whether the mark has been placed pro-
perly. If there is no mark, turn the control to both 
ends of its range and carefully note the m'cidle 
position. Also mark off the middle third of the range. 

4. If Channel 13 tunes within the middle third of the 
range of the FINE TUNING control, don't try to 
make the setting any better if all the other high-fre-
quency stations are alright. Remember that any 
adjustment of the Channel 13 r-f oscillator will re-
quire readjustment of all the lower channels. 

5. If Channel 13 needs alignment, carefully set the 
FINE TUNING control at the mid position. Then 

o 

o 
00 

o 

Fig. 4-12 

A word of caution is in order here. DO NOT 

TOUCH ANY OTHER ALIGNMENT ADJUST-
MENTS 11-IAN THOSE SPECIFIED. While it is 

O.K. for you to make slight adjustments of the 
r-f oscillator controls, using only the station 

signal and che sound to check the setting, other 
r-f tuner adjustments require the use of special 

test equipment. 

Let's assume, as an example, that our receiver 
is in the New York area and that Channels 13 and 
5 are not properly aligned. Other channels come 
in at the correct setting of the FINE TUNING 

control. These are Channels 11, 9, 7, 4 and 2. 

Now, to go ahead with the adjustment, proceed 

as follows: 

o 
o 

power 

transformer 

with the STATION SELECTOR at Channel 13 slow-
ly adjust the Channel 13 r-f oscillator adjustment 
at the top of the r-f tuner assembly ( Fig. 4-12) for 
best sound quality. Since the location of this ad-
justment has not been made foolproof, you will have 
to be particularly careful to pick the right adjust-
ment screw and not to touch anything else. The 
setting of Channel 13 sets the basic adjustment for 
the high frequency band. The adjustments for the 
other high frequency channels can now be made 
through the appropriate holes indicated in Fig. 4-13. 

6. Set the proper r-f oscillator adjustment for Channels 
11, 9 and 7, doing the highest frequency channel 
first. 

In general it should be possible to get the correct 
adjustment within the range of the particular r-f 
oscillator control. But in case this cannot be done, 
for example with the Channel 7 adjustment, re-
member that higher frequency adjustments willaffect 
Channel 7. A slight adjustment of the control for 
Channels 10, 9 and 8 might serve to bring the 
Channel 7 r-f oscillator control within a range in 
which it can be properly adjusted. 

7. After adjusting Channel 7, go back and check the 



TELEVISION SERVICING COURSE, LESSON 4 
4-12 

tune-in points for the other high frequency channels 
on the air — Channels 13, 11 and 9. Readjust if 
necessary. 

8. Proceed in a similar manner with the adjustment of 
the low frequency channels. The basic adjustment 
for these channels is the Channel 6 adjustment on 
the r-f assembly. In general the adjustments for the 
individualchannels from Channel 5 down to Channel 
2 can be made by the r-f oscillator adjustments indi-
cated in Fig. 4-13. Do not change the Channel 6 
adjustment unless Channel 5 can not be properly 
tuned without such a change. 

9. On completing the adjustment for the lowest channel, 
Channel 2, go back and recheck the tune-in points 
on all channels that are on the air. All channels 
should come in properly with the FINE TUNING 
control set within the middle third of its range. 

This procedure applies specifically to the 
9T240 receiver. However, many receivers have a 
similar front end. Be sure to check the Service 
Data for each receiver you adjust, to make sure 
you do it properly. 

oscillator adjustment 
for channel number — elO 

Fig. 4-13 

ELECTRIC POWER DIFFICULTIES 

4-7. We must have electric power of the proper 
frequency and voltage to operate standard tele-

vision sets, and usually this is just a matter of 
putting the power cord plug into a convenient wall 
socket and throwing the power switch to "ON". 

However, this is a big country, and for various 
reasons the kind of electric current supplied to 
homes and business buildings is not the same in 
all parts of it. Since television sets may need to 

be installed in practically any part of the country 

before long, we'd better cover the principal kinds 
of electric power supplied, so that installation 
crews will be prepared to handle the problems 
presented. 

Kinds of Current Encountered. — Here is a 

list of the types of electric current supply you 
are actually likely to find at wall sockets, when 

making television installations. 

1. 120 volt, 60 cycle a-c. 

2. 120 volt, 50 cycle a-c. 

3. 120 volt, d-c. 

4. 120 volt, 25 cycle a-c. 

5. 230 volt, 60 cycle a-c. 

6. 230 volt, 50 cycle a-c. 

7. 230 volt, d-c. 

There are probably a few small areas served 
by other non-standard electric systems, but for 
our present purpose we need only consider the 
first three listed in detail. In areas where a 
serious problem of non-standard electric supply 
exists, your shop manager will undoubtedly have 
full information about it, and will tell his instal-
lation crews where it exists in their district, and 
what to do about it. 

Getting back to the first three types of supply 
current listed, we can note that the first kind, 
/20 vo/t, 60 cycle alternating current, is by far 

the most common. It is so nearly universally 
used in fact, that this is regarded as the standard 
for home and office building electric supply. 

Accordingly, most radios and other electric appli-
ances are designed to work on this sort of current, 

including the majority of television receivers. 
Of course, the design of television receivers and 
other appliances allows for reasonable variations 
in the supply current, say up to ten percent differ-
ence in voltage and perhaps four or five percent 
in frequency. This is done to allow for variations 
in the supply current at any point caused by such 
things as the changing load on the line at different 

times of the day, etc. The voltage particularly is 
likely to drop below that specified in the franchise 
of the power company, because of local condi-

tions, and it is important that appliances be able 

to work satisfactorily even then. 

So far, so good. Standard sets are built for 
120 volt, 60 cycle a-c, as we have seen. Next, 
we find that some cities are at least partially 
supplied by electric lines carrying 120 volt, 50 
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cycle a-c to dwellings and business buildings. 

Most regular television sets meant for 60 cycle 
current will operate satisfactorily on 50 cycle 
supply, except for the record changer. The 

changers are turned by a motor dependent upon 

the power line frequency, so if we put a 60 cycle 
changer on 50 cycle power, it turns one sixth too 
slow. Dennis Day slides down to baritone, and 
Nelson Eddy disappears into the lower depths, 

among the bullfrogs. 

Naturally this has been taken into account, 
and alternate sets are available for service in 

areas served by 50 cycle current, the only differ-
ence in their design being provision for normal 
operation from 50 cycle current. Incidentally, 
while most appliances meant for 60 cycle opera-
tion will function on 50 cycle supply, they may 

show a tendency to overheat, and in general it is 

better to check with the Underwriter's label on 

the device before you assume it is safe. 

How to Identify D-c. — The next most likely 

variation of electric supply is 120 volt direct 

current, which is still quite widely used, parti-

cularly in the older parts of some large cities. 
Here there will definitely be bad trouble if you 

plug in a standard television set and switch it on. 

At the very least, a fuse will blow in the circuit 
concerned, and there is a fine chance of serious-
ly damaging the television set's power trans-

former, or the ON-OFF switch. If you happen to 
plug in the set with the switch in the "ON" 

position, you may get a nasty hand burn, or an 
eye full of molten copper droplets. All of which 
means you should check with some person in the 
building who knows before you plug into a doubt-

ful socket, or better still, check with a neon bulb. 

This simple gadget is so useful it deserves a 

word of mention here. It consists of a small neon 
lamp with a suitable resistor in series. When 

hooked across a power line, the lamp will glow 
with a reddish brillance, the shade depending 
partly on the voltage across the lamp. On d-c, 

the glow is almost entirely confined to the elec-
trode in the lamp which happens to be connected 

to the negative side of the power line, On a- c, 
both electrodes will glow equally. Incidentally, 

it doesn't mattcr which way you plug the lamp in, 
as both electrodes have similar characteristics. A 
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suitable test lamp is sold by the General Cement 
Company as their Type 5100 Ne-o-lite test lamp, 
and other companies serving technicians and 

engineers offer similar devices. The General 

Cement lamp is mounted in a convenient holder, 

with the resistor already wired in place, and short 

test leads attached. 

Getting back to the d-c supply problem it is 

obvious a standard set can't work from d-c supply, 
However, in many modern business and industrial 
buildings, both d-c and a-c supply is available. 

To prevent confusion, the wall outlets for both 
lines are usually marked for identification, or are 
equipped with different types of sockets. How-
ever, don't just assume that this is so. Check 

first before you plug in. The building superin-
tendent can give you the right dope on which lines 
and outlets carry the a-c you want, or quite often 

the customer or a tenant can be of help. But don't 
guess, find out. 

Another fairly common situation in large cities 
is to find adjacent buildings supplied with differ-

ent kinds of electric power, perhaps one on d-c 
and the next on a-c, or even two neighboring 

buildings on a-c of different frequencies. This is 
particularly likely to turn up in districts where 

buildings are gradually being cdnverted over from 
one system to another, and you'll just have to be 
on the alert to avoid trouble. There isn't any 

simple, handy gadget to tell you the difference 

between 50 and 60 cycle a-c, but you can check 
that it is a-c with your neon lamp, and if a record 

changer turntable turns at the right speed, it is 

60 cycle, all right. And of course, you can usually 
find someone who knows definitely, anyhow, in 

case you have no other way to check. 

Trouble From Defective Wiring. — You'd think 

that because of the danger of fire, everybody 
would be extra careful about all electric wiring 

in their homes or offices, but this just isn't the 
case. Quite often you'll find that on plugging 
the television set in, the plug just won't make 

contact in the socket, or it will be very loose and 
sloppy, making only a kind of intermittent, in-

secure contact. This usually results from bent or 
broken fingers inside the outlet box, or loose or 

broken wires, and it is not up to you to repair 
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such defects. They are something of a fire hazard, 
and it's usually well to mention it to the customeri 

being careful to be diplomatic about it, of course. 

The main thing for you to do is find another outlet 
which can be reached with the set in the chosen 
location, or in a pinch, get an extension cord. 

Usually the customer will have one about the 
house somewhere, or in an office building the 

customer can secure one from the building super-

intendent, or otherwise. In any case, it is better 
not to leave the set operating from a really bad, 
insecure wall socket, because such an installa-
tion is almost certain to result in an unnecessary 

service call later, if not in something more 
serious. 

Overloaded Electric Circuits. — Suppose, that 

on plugging in and turning on the television set, 

a fuse in the line blows out. This will be indi-

cated by no power at the set, and usually by some 

lamps or other electric devices going off. Once 
in a great while this will happen on a line that is 

not overloaded, if the fuse happens to have been 
in service several years. But usually, it indicates 

that the circuit in question is already supplying 
all the current it is fused to carry. You can make 

a rough check on this by counting up the other 
devices that went off when the fuse blew out. If 

there is a refrigerator, several lamps, and perhaps 
milady's electric iron or a heater also on that 

circuit, chances are the line is overloaded. You 
must explain this carefully to the customer, and 
get at least a few of the loads moved to another 

circuit. An average television set will draw about 
as much current as three or four hundred watt 

lamps. This is only about one third as much 

current as the average electric heater or iron, so 
if a heater or iron can be moved to another circuit, 
your problem is solved. Of course, it may be 
possible to move the television set itself to an-
other circuit (even small homes usually have two 

inside wire circuits), but this will depend on the 
desires of the customer. In a pinch, and if no 

other solution seems possible, it may be feasible 
to get the fuse replaced with one of five amperes 

greater current capacity. But don't you make the 
decision on that. Such a change usually must be 

authorized by the building superintendent or 
landlord in a rented building, otherwise you are 

responsible for any damage that may result from 

the change, such as a fire! You can get an idea 
of whether or not a larger fuse is practical by 

looking at the marking of the one that blew out. 
If it is a ten or fifteen ampere fuse, chances are 
good that it can be replaced safely with a twenty 

ampere one, but in any case, get permission. And 
its usually necessary to get it in writing, although 

your employer will be the person to ask about 
that. If the problem comes up, don't hesitate 

to consult your office by phone about it. 

TESTING AND ADJUSTING ACCESSORY UNITS 

4-8. Some of the television sets have AM-
FM radio tuners and a record changer or changers 
in addition to the television receiver itself. 
These more elaborate units require some special 
care in setting up, which is described in the 
Service Data for each model. Since the number 
of such sets you handle will be small in propor-
tion to the simpler ones, it isn't very practical to 
try to remember all the details of each. Instead, 
you should remember certain general instructions 
and cautions, and consult the Service Data care-
fully for details. 

In unpacking such sets, remember they have 
many more parts that can be damaged in shipment, 

and as a consequence must be better protected 

from severe mechanical shocks and jars. For 

instance, those having radio receivers that swing 

out are sure to have special brackets or some 

other device to prevent this happening accidental-
ly during shipment. Refer to the drawing of Fig. 
4-14 as an illustration. 

Various models will differ in the location of 

such shipping brackets and cardboard packing 

material, but the point to remember is that record 
changers, tone arms, radio tuners and such ac-
cessories do have packing material around them 

that must be removed before they can be operated. 
Check the unpacking instructions carefully before 
you attempt to operate any set with which you are 
not completely familiar. 

These sets also have interconnecting cables 

between various units, which must be firmly 
plugged in to insure proper operation. It is quite 



Testing & Adjusting Accessory Units 
4-15 

4  

PNONO COmPARTMENT LID 

ADJUST MENT SCREW 

r".. 11-1 

REMOVE RED BRACKET 

Fig. 4-14 

possible for them to be loosened in shipment, so 
check them against the appropriate drawing in 

the Service Data to see that they are all properly 
connected. Fig. 4-15 showing the cabling will 
give you an idea of what to expect. 

The same precautions about tube seating and 
damage apply to the radio tuners as to the tele-

vision receiver chassis. Also, in certain sets that 
include radio tuners, the radio chassis is directly 

under the front panel which carries the kinescope 

mask. When this panel is removed for installation 

of the kine, the radio dial lights must be carefully 
removed from the bracket on the panel before it is 
taken clear out of the set. Don't forget to put 

them back when replacing the panel. The dial 
cord in AM-FM tuners must also be checked by 

tuning from end to end of the range to make sure 

it does not slip, and that stations come in at their 

proper place on the dial. If they do not, it will 
usually be because the pointer has slipped or 

been improperly set on the cord. With an AM 

station of known frequency tuned in accurately, 

_ 

you can reset the pointer so that it registers 
correctly. This adjustment is best done in the 
upperpart of the scale between 1000 and 1500 kcs. 

Fig. 4-15 
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TEACHING THE CUSTOMER TO OPERATE THE 

RECE I VER 

4-9. With the completion of the set-up ad-

justments on the receiver and a final check of all 
stations on the air, your installation job is almost 

but not quite finished. You still have your custom-

er to think of, to leave a good impression and to 
be sure that she knows how to operate the set. 

Telling Isn't Teaching. — Before going into 

your final responsibility of teaching the customer 
to operate the receiver, let's get one thing 

straight. Just telling the customer how to operate 

the set is not teaching her. Neither is demon-

strating. 

You have operated a television receiver so 
often that you've probably forgotten that it's not 

as simple to a beginner as it is to you. A mere 
explanation of what each control does isn't 

enough — it's too easy for the customer to forget. 
She must actually turn the set on, tune it in, and 

manipulate the controls for best results until she 
has confidence in her ability to get good results 

after you have left. 

A thorough job of teaching the customer in-
volves the following steps: 

1. Demonstrating the final result. 
2. Explainint3 the steps involved, from turning power 

on to turning it off again. 

3. Having the customer go through the procedure 
herself. 

4. Showing the customer the Instruction booklet, and 
pointing out passages that will enable her to correct 
her own mistakes. 

5. Repeating step 3 until she can get a good picture 
without help. 

6. Explaining possible reception difficulties. 

7. Checking other stations, and explaining any inter-
ference, etc., encountered. 

Bear in mind that omission of any of these 
steps may result in a return service call. 

Before you call the customer in for instruction, 
be sue you clean up thoroughly. You want to 

leave a perfect job, that not only works right but 
really shines. Brush up any shavings, stripped 
insulation or other dirt that resulted from the job. 

See that windows are closed and screens replaced, 

remove any empty cartons or packing material. 
And then, as a final gesture, take your polishing 

cloth and shine up the receiver cabinet. 

Now you are ready to call the customer to look 
over your handiwork. 

Demonstrating the Finished Job. — It is good 

psychology not to show a perfect picture right at 

the start. If the customer first sees a picture that 

looks perfect to her; and then in handling the 
controls the picture goes out of sync, she immedi-

ately thinks that you have done something wrong. 

So before calling your customer for operating 

instructions, turn the HORIZONTAL hold control 
completely counterclockwise. Then you will be 

sure that when the set is turned on and a station 

tuned in, the picture will appear out of sync and 
will stay out of sync until you are ready to de-
monstrate the right way to correct it. 

The customer will be so happy to get a good 
picture after seeing the mess the picture out of 
sync looks like, that she will be much more 

easily pleased with the set performance — and, 
in her eyes, you have proved yourself to be an 

expert. 

Explaining the Operating Controls. — Go 

through the operating procedure step by step and 
explain why each step is taken. 

1. Turn the OFF—ON SOUND volume control slightly 
clockwise to switch the receiver on. Then turn 
one-half turn clockwise to get the proper sound 
volume. Better remind the customer at this point 
to check whether the set has been plugged into the 
line, and to look to see if the set has a TV—PH 
switch and that the switch is in the TV position. 

2. Now set the STATION SELECTOR to the station 
which showed up best in your tests. Music or 
speech should be heard in a few seconds, but you 
have already made certain that the picture will come 
in out of sync. 

3. Set the FINE TUNING control for best sound quality. 
It is important at this point to explain the use of 
the FINE TUNING control to bring in a station at 
the correct frequency setting. The setting can be 
made much more accurately by listening to the 
sound than by watching the picture. It may be 
possible to get sound at three different positions of 
the control. The middle position of the three is the 
correct tuning position. At the two extreme positions 
of the FINE TUNING control where it is possible 
to get sound you may also have sound bars in the 
picture. 

4. Turn the PICTURE control to approximately its mid-
position. Explain that the setting of the PICTURE 
control determines the contrast between the light 
and dark parts of the picture. 

5. Turn the BRIGHTNESS control fully counterclock-
wise to cut off the electron beam, and then slowly 
turn it clockwise until light with activity shows on 
the screen. Explain the action of the BRIGHTNESS 
control to set the maximum level for the light parts 
of the picture. It is important to keep the brightness 
down to a pleasing level. Too much brightness, if 
continued for too long a period, can damage the 
fluorescent coating of the picture screen. 
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6. Turn the VERTICAL hold control until the pattern 
on the screen stops movin& up or down, or the 
moving horizontal dark bar disappears. Explain to 
the customer the operation of the VERTICAL and 
HORIZONTAL hold controls to synchronize the 
picture. Show that the picture can be thrown out of 
sync vertically, by turning the control either to the 
extreme counter-clockwise or extreme clockwise 
position and switching the station off channel and 
back again. Make her feel that there is no mystery 
about this loss of synchronization. She can easily 
stop the picture from moving vertically by moving 
the VERTICAL hold control to approximately its 
mid-position. 

7. All this time the picture has been out of sync hori-
zontally. Now turn the HORIZONTAL hold control 
clockwise to a position that will synchronize the 
picture. Show the customer that the picture can be 
thrown out of sync horizontally by turning the con-
troleither to the extreme counterclockwise or clock-
wise position and switching the station off channel 
and back again. Then show how easy it is to sync 
the picture by moving the HORIZONTAL hold con-
trol to approximately its mid-position. It is important 
to explain at this point that when a picture is first 
tuned in, it takes some time for the circuits to warm 
up. During the warm-up period of about 15 to 20 
seconds you cannot expect the picture to remain 
steady. Also in switching from one station to an-
other the picture may not immediately come into 
synchronization. Tell the customer that, in general, 
she should leave the VERTICAL and HORIZONTAL 
hold controls in their mid-positions. But she must 
not be afraid to adjust triem to synchronize the 
picture. 

By this time the customer feels that she knows 
just how to operate the receiver. Never let it go 

at that. Make sure that she knows how. 

Let the Customer Take Over. — Shut off the 
receiver and change the positions of all the oper-

ating controls. Then ask her to go through the 
steps you have just shown. In most cases she 
will go right to it. 

But in case she hesitates and shows fear of 
this new and complex gadget that has been set up 

in her home, you have to convince her right then 

and there that it is no more dangerous than a 
lamp or a vacuum cleaner. 

Ask her to place her hand on the OFF—ON 
SOUND control and to turn on the set. Explain 

that this first control is no different from the 
switch on her radio. Just the fact of touching 

this strange gadget helps to overcome that initial 
fear of the unfamiliar. Then let her handle the 
controls, step by step. Don't criticize, but en-

courage her efforts. Give advice only to correct 
an improper adjustment. 

Have the customer go through the procedure 
three or four times to be sure that she knows how 

to operate the controls. Before she starts her 
second or third trial run, turn over to her the 
copy of "Operating Instructions" thit generally 

goes with the set. Show her where to find the con-
trols that will correct common operation mistakes. 

so she will be able to correct her own errors if 
she forgets something after you leave. 
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CUSTOMER RELATIONS 
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WHAT THE CUSTOMER EXPECTS 

5-1. "As Gabriel Heatter would say, 'There's 

good news tonight.' Having in despair written 
to you regarding trials and tribulations attending 

my purchase of a (Name) television receiver, 1 now 

make haste to let you he the first to hear of my 
satisfaction and renewed enthusiasm for tele-

vision. 

You may now close your files on the S— 

case with my assurance that the television we 
have viewed for the past week has been without 

a flaw and is a credit to the (Name) Company. 

There has been no interference or any other 
complication to complain of and the set is 
truly a joy now. I am grateful that your organi-
zation has such fine men as Mr. O  and 

Mr. who are not afraid to exert themselves 

just a little beyond the call of duty." 

The above quotation is an excerpt from a letter 
from a satisfied customer. Let's compare it with 

a letter from a dissatisfied customer. 

Gentlemen: 

I am a thoroughly dissatisfied owner of a (Name) 
television set. For your information I am listing the 
causes which have changed my opinion. 

I. The set was delivered with a broken cabinet leg. 

2. The signals are weak and polluted by reflec-
tions. 

3. Today I get only sound and no picture reception. 

I am embarrassed because I insisted on the pur-
chase against the wishes of my family. 

Your truly, 

Mr E B 

New York 

Of course, these troubles have been corrected. 

But a careful job of initial installation would 
have saved the customer much embarrassment, 

not counting the time lost in extra service needed 

to convert him again to a satisfied customer. 

What is Meant by "Customer Relations." — 

We pointed out in Lesson 2 that the prime ob-
jective of every receiver installation is the 

creation of a satisfied customer, and that it takes 
a lot more than a technically perfect installation 

to achieve this objective. We could define the 
subject of Customer Relations as the sum total 
of all things we do or avoid doing in order to 

create good will — that is, to keep customers 

friendly. 

There are two distinct aspects of this problem. 

One is a company responsibility, and is concerned 
with such broad topics as company policy on 
service contracts, advertising and personnel. 
The other is the impression that you, personally, 

make on the individual customer. Actually, in 

your contact with the customer as an installation 
or service man, you carry both responsibilities. 
To the customer, you are the Company, and he 
looks to you to fulfill all that he expects of 

the company. 

The Company's Responsibility. — The customer 

naturally expects the company to live up to all 

the terms that are included in the Service Con-
tract and to carry out all of the provisions of 

its established installation and service policy. 
The customer expects you to know these things 
and to be able to answer any question about 
which he is in doubt. You have to know all the 
answers, if you are to understand all that has 

been promised to the customer and the limitations 
of these promises. Specifically, this includes 

such matters as: 

1. The provisions of a typical Service Contract 

2. Installation zones, — and the standard charge for 
each zone. 

3. Standard and special installations 
4. Indoor antenna installations 

5. Surveys 

6. Legal requirements 

7. Fire Underwriters and Local Building Codes. 

These matters ordinarily are covered in 
detail in the Service Contract. It should be 
studied carefully so that you will know what is 
permissible. 



What the Customer Expects 

Particularly important to remember is that 
there are certain legal requirements that must be 

met in the installation of a television receiver. 
These legal restrictions may seem to make it 
harder for you to carry out the contract, and they 

will be discussed in Sec. 5-3. The basic require-
ment is that such installation shall not in any 
way damage the premises or the customer's 
property or become a safety hazard. 

Your Responsibility. — Besides understanding 

all these provisions thoroughly so that you can 

explain them to the customer, it is very important 
that you personally make a good impression. The 
customer expects many things from you that are 
not stated in any contract. Promptness, courtesy, 
neatness and respect and care of his property are 
obvious — and there are lots of others. 

To keep the customer happy and give him 
satisfactory service you have to think of and live 

up to the highest standards in such things as; 

1. Your personal appearance 

2. Your conduct in the customer's home 

5-3 

3. The neatness and assurance with which you 
carry out the installation job. 

But with all of this, the customer may still 

find cause for complaint. The successful com-

pletion of your job can be judged only by the de-
gree of continued satisfaction that the customer 
finds in the performance of his television receiver. 
You may not be able to please all of the custom-

ers, in every respect, all of the time. But you 
can go a long way toward that end when you do a 

good job in such essentials as: ( 1) instructing 
the customer in the operation of the set; (2) Giving 
courteous and clear answers to customer ques-
tions that seem to be foolish. Remember, they 
don't seem so foolish to the customer! 

We will consider all of these items in detail 

in this lesson. But it must not stop here. Custom-
er relations is so important in all our dealings 

that it must be kept in mind at all times. We will 
keep on referring to it, wherever it fits in, in all 
the remaining lessons in this course. 

The installation of a television receiver is a 
very serious matter to your customers. To many it 

may be just that they want their money's worth 

Fig. 5-1 
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in pleasure — they must not miss that World Series 

game. To others the important thing is to impress 

the neighbors — they just must have it for that 
Saturday night party. 

But there are other reasons why a television 

installation can be important. The following letter 
makes one realize what it can mean to those who 

are shut in. 

Dear A_ 

I want you to know how deeply appreciative 1 am 
of the exceptionally fine job that was done by the in-
stallation group that put a television set in the home 
of Mr .1 G-, one of our employees. 

Frankly when I spoke to you, I never dreamed that 
it would be possible to reach men whose day's work 
had perhaps been assigned maybe days or weeks in 
advance. However, an anxious daddy sometimes re-
sorts to expecting the unexpected when the youngster 
is seriously ill. It was the senior G_'s idea that 
doctors had done as much as they could, and possibly 
the thrill of a television set might be able to do more 
than the skill of a family physician. Believe me, you 
and the installation group did just that. 

Early this morning, actually before nine, there 
was a bouyant dad who popped his face into my office 
tied said, "That did it. The kid's better." 

This means just one thing, the set was installed 
and ready for operation Saturday morning and your 
organization has a new junior booster. 

Please relay to everyone my appreciation of what 
was truly an emergency installation, and has made 
somebody a great booster for the service rendered by 
your company. 

Sincerely, 

W D-

The Factory Service Contract. — What is 
it that a customer expects when a television 
receiver is installed in his home? 

Right on the face of the Contract are usually 
listed five essentials that you, and the entire 
organization backing you, must live up to. These 
items are: 

1. Installation of a television antenna and all acces-
sories necessary for reception from local television 
stations already in operation at the time of the in-
stallation, and within the normal service range. 
(It may not be possible to obtain satisfactory re-
ception in all cases, however, because of abnormal 
conditions. 

2. Installation and initial adjustment of the television 
receiver. 

3. Instruction with respect to proper operation and 
care of the receiver. 

4. Service and maintenance of the television receiver 
and antenna to which the contract relates, as re-
quired for normal usage for the period of the contract. 

5. The services of television field technicians of the 
Service Company, who will perform or direct all 
work under the contract. 

The installation technician is primarily con-

cerned with Items 2 and 3. We have promised the 

customer the installation and initial adjustment 

for best reception, and instruction with respect to 
the proper operation of the receiver. 

Of course the customer expects, and has a 
right to expect, a perfect technical job of instal-
lation. But there are those other things, some 
that seem to be little, that add up to make an im-
pression on the customer. These things include 
such matters as courtesy and neatness in your 
conduct and work, care of the customer's pro-
perty, and ability to answer pertinent questions 
regarding the Service Contract and the perfor-
mance of the set. 

It is a good idea to read carefully both sides 
of the Contract and become familiar with all that 
the customer has been promised — and also the 
limitations. 

Typical items that are usually included in the 
Service Contract are: 

I. Antenna and Accessories: This covers the type of 
antenna to be installed in accordance with stan-
dardized methods,National Board of FireUnderwriters 
codes, and applicable local ordinances. The con-
tract holder is responsible for obtaining permission 
from the owner of the premises for the erection of 
the antenna. The antenna and accessories are in 
accordance with the requirements for a standard 
installation, to be defined later. 

2. Installation of Receiver: The receiver must be set 
up, tested, adjusted, installed and placed in proper 
Operation. 

3. Instruction of Contract Holder: The contract holder 
must be instructed with respect to the proper oper-
ation and care of the receiver. 

4. Service under Nonnal use: Service and maintenance 
of the television receiver is guaranteed for normal 
usage. This includes material, parts, and tubes, 
including the kinescope, which fail to give satis-
factory service in normal usage during the contract 
period. 

5. New Television stations: In cases'where it may 
be necessary to reorient, move, add or replace any 
part of the antenna system as a result of new 
stations coming on the air, or changes in trans-
mitting conditions, such necessary work will be 
performed at the request of the contract holder, at 
the prevailing rate for materials and labor. 

6. Operation From Centralized Antenna System: In 
the event the receiver is operated from a central 
antenna system, responsibility is assumed only for 
the receiver operation, not for the centralized an-
tenna operation or its distribution system. 

7. Changes Made Necessary By the Federal Commun-
ications Commission Regulations: In the event 
changes in transmission standards or band assign-
ments are made by the federal government, any 
required circuit changes or component adjustments, 
if technically feasible, will be made at the request 
of the contract holder, at a reasonable charge for 
labor and material. 
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8. Fire, Theft, Etc.: No responsibility is assumed for 
loss or damage to the receiver caused by trans-
portation, fire, water, windstorm, hail, lightning, 
earthquake, theft, neeligence, riot or any other 
cause originating outside of the television receiver 
and antenna. 

9. Interference Effects: No liability is assumed for 
the elimination of external interference created by 
passing automobiles or aircraft, electrical phenomina, 
appliances, diathermy, short-wave and FM receivers 
or transmitters or other external electrical dis-
turbances. Where the effects of such electrical 
disturbances can be minimized by normal controls, 
efforts are made to give optimum results. 

10. Auxiliary Power Apparatus: No liability is assumed 
in respect to installation, service and maintenance 
of motor-generators or other devices used for pro-
viding power to the receiver, or for interference 
effects resulting from such power supply. 

11. Relocation of Receiver: Only the initial installation 
of the receiver is-covered. In the event the receiver 
is to be moved or a change in the installation is 
requested, such change will be made at the pre-
vailing rate for materials and service necessary. 

INSTALLATION AND SERVICE POLICY 

5-2. First of all you must know the instal-
lation and service policy in regard to the things 
that can and cannot be done. You never know 
when you will run into a situation in which this 
knowledge will be needed — not just to answer 
customer questions, but to save you unnecessary 

work and trouble. 

The customer pays the bills and there are 
times when you may have to explain the charges. 
Let's see on what basis these charges are de-
termined. This will enable you to have on hand 
all the information you will need to explain to the 
customer. 

Basis of Charges. — In general you install 
and service television receivers wherever sig-
nals are strong enough to give relatively good 
performance. Besides being satisfactory to the 
customer, this performance must be such that it 
does not detract from the high standards set for 
reception. 

Service Contract charges are determined by 
the type of set, and the zone in which the cus-
tomer is located. These may be classified as 
zones A, B and C, according to distance 

from the transmitter. 

Zone A Installations. — Zone A is the area 
within 20 miles of most of the transmitters in 
that district. In the greater part of this area a 

good strong signal may reasonably be expected, 

so that a standard installation will work well. In 

this area there may be parts where intervening 
hills, obstructing buildings or other factors 

limit the reception. In such cases it may be 

necessary to use an extra tall mast, a special 

antenna or an extra length or type of lead-in. Such 
installations would be classified as special and 

a higher rate would be charged. 

Zone B and C Installations. — Beyond zone A, 
the reception from television transmitters is 

usually less dependable, is more subject to inter-
ference and may vary with the weather conditions, 
season and the time of the day. 

Television installations are made in: zone B, 

extending approximately 10 miles beyond zone A; 
and zone C, approximately 10 miles beyond the 

boundary of zone B. 
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TELEVISION 

SALES, INSTALLEALTEerSERVICE ZONES 

TULSA, OKLA. AREA 

Fig. 5-2 

Maps showing the boundaries of these zones 
may be prepared for each area in which transmitters 

are operating. Such a map for the Tulsa, 

Oklahoma area is shown in Fig. 5-2. 

The basic Service Contract charges for 
installations in these outer zones are higher 
than those for zone A. These higher charges, 

however, do not include any provision for a 
special antenna installation. If it is determined 
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that one is needed, the extra charge must be 
added to the basic Service Contract charge for 
that zone to arrive at the total charge. 

A receiving location in one of these outer 

zones may not be equally favorable for all trans-

mitters in the area, and in an extreme case the 

reception may be satisfactory only from the one 

which is the most favorably located. It is im-
portant that you explain this carefully to the 

customer so that no misunderstanding can result. 

A preliminary survey should establish the kind 

of reception to be expected at the locality, and 
what kind of special installation, if any, is neces-

sary to bring the reception up to an acceptable 
standard. The customer should be fully informed 
of any limitations in the reception to be expected, 
right at the start. 

Standard Antenna Installations. — A standard 

antenna installation includes a single section 
mast of standard length (at present this is not 

more than 12 ft.), an antenna consisting of a 
dipole, or dipole with reflector, or folded dipole 

with reflector, a high frequency element, (in-
stalled only where necessary, for reception of 

established television transmitters within their 

normal service range), necessary mounting 

brackets, up to 100 feet of parallel wire trans-
mission line, lightning arrestor, insulators and 
accessories. 

Remember that the established rates for stand-

ard installations in the various zones cover only 

one receiver. Of course, it is assumed that a 
110 volt a-c power outlet is available conveniently 
td the location of the receiver. 

Fig. 5-3 
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Fig. 5-4 

Special Antenna Installation. — A special an-

tenna installation, as shown in Fig. 5-3, is one 

or more of the following: 

1. A mast taller than the standard ( 12 ft. at present). 

2. A more complex antenna arrangement than the 
standard, such as: 

(a) One with an extra element or stacked array. 
(b) An extra antenna and mast. 

3. A transmission line longer than 100 feet. 

4. Elimination or reduction of interference radi-
ations. 

5. Special signal boosting amplifiers. 

6. Modifications of building structure for supporting 
antenna or transmission lines. 

7. Special building construction permits. ( It is 
the customer's responsibility to obtain such a 
permit when it is required.) 

8. Installation of more than one receiver at any one 
location. 

9. Any other variation from a standard installation. 

It is possible that a special installation may 

be required in some locations in zone A, although 

experience has shown that this is so in less than 

10% of zone A installations. On the other hand, 

there are many locations outside of zone A, where 
a standard antenna installation will work well. 

Of course, the more distant receiver locations are 
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more likely to require a special antenna instal-
lation, subject to a higher charge to the customer. 

Indoor Antenna Installation. —When the custom-

er cannot get the landlord's permission for the 
installation of an outside antenna it will be 

necessary to install an indoor antenna. In many 

sections in zone A an indoor antenna can be ex-
pected to work well, although it may not equal 

the performance of an outside antenna. 

Where the indoor installation consists of a 
built-in antenna in the receiver or a regular 

indoor antenna that can be placed in the same 

room with the receiver and where no special prob-
lems are involved, the customer is entitled to a 
lower charge than for a standard installation. Fig. 

5-4 shows an example of an indoor installation. 

But, where the antenna is a dipole or folded 

dipole constructed from parallel wire line (ex-
cluding a built-in antenna) or a standard antenna 
installed indoors or outside a window with a 

transmission line connecting to the receiver, the 

installation can be considered as standard and 
charged for accordingly. 
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Fig. 5-5 

Fig. 5-5 shows an example of a standard 
installation where the antenna is not on the roof. 

It is possible that some indoor installations 

may be classed as special installations at a 
higher charge. Such cases are: 

1. Where more than one receiver is installed at the 
location. 

2. Where more than one antenna is installed with a 
switch to enable better reception from a number 
of stations. 

3. Where a booster amplifier is installed. 

4. Where any other special provision is made to 
eliminate interference or serious reflections. 

These facts must be made clear to the custom-
er at the time of installation. Otherwise extra 
effort is needed to clear up such customer com-
ments as follows: 

Dear Sirs: 

Under the conditions of not being able to have a 
regular television aerial with a mast on the roof and 
using only a 300 ohm lead-in wire and folded dipole 
made of 300 ohm line,1 believe my set has been operat-
ing very well and clear. 

I believe that I am entitled to a refund because 
the regular aerial was not used. 

Your truly, 

Mr. K.L  

Surveys. —.In general, good reception becomes 
more difficult as the distance between the trans-
mitter and the receiver location increases. 

In areas outside of zone A, where reception 
factors are unknown, it is advisable to have the 

location adequately surveyed before making a per-
manent installation. In such a situation the sale 

and installation is made contingent on the outcome 

of a test and demonstration for the customer at 
the location. 

If the customer is satisfied with the reception, 
the survey cost may be absorbed by the service 
company, provided authorization is obtained from 
the dealer to proceed with a permanent installation 

immediately upon completion of a satisfactory 
demonstration. Otherwise there is a nominal 
survey charge. 

General Policy Considerations. — Since the 

installation and service policy is subject to 

change and there are variations due to local 

conditions, it is important that you keep advised 

of the particular practices followed by your 

office. 



Legal Requirements 

That is the only way to know just what the 

customer is entitled to. Then you can do a good 

job of providing all that is required. Not only 
will you be able to answer all customer questions 
that are pertinent to the installation, but you will 
avoid unnecessary work due to misunderstandings. 

If any question arises in regard to the instal-
lation, charges, etc., refer dem immediately to 

the office, so that the matter can be straightened 
out without delay. 

LEGAL REQU I REMEN TS 

5-3. Since the addition of any structure to a 
building may become a safety hazard if the job is 
not properly done, legal reStrictions have been 

set up in many parts of the country, to insure 

the proper installation of television antennas and 

receivers. Even where no specific mention of 
television is made, the Local Building Code pro-
visions dealing with structures and electrical in-

stallations must be observed. The basic legal 
requirement with which you are concerned is that 

the installation shall not in any way damage the 
premises or the customer's property or become a 
safety hazard. 

You will stay out of trouble and keep your 
company out of hot water if you are very careful 
to live up to these requirements: 

1. Permission of the owner of the premises is 
necessary for the installation of an outdoor 
antenna. 

2. In a roof installation no damage to the roof 
should result. 

3. All the requirements of Fire Underwriters Codes 
and local Building Codes must be met. 

Owner's Permission for Outdoor Installation. — 
It is essential to obtain a written authorization 
from the owner of the premises before proceeding 
with an outdoor installation. It is the responsibility 
of the contract holder to obtain this authorization. 

The authorization to be signed by the owner 
of the building, or his authorized agent, gives 
the Service Company permission to install a 
conventional television receiving antenna on 
the building, provided that the installation con-
forms with good engineering and mechanical 
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practices, and complies with local fire and 
safety ordinances. 

Without such a written authorization you 
should not proceed with an outdoor installation. 

You would hardly think that such a simple re-
quirement would be misunderstood, but here is a 

case that shouldn't happen — yet it did. 

Gentlemen: 

I had permission from toy landlord to install an 
outdoor antenna, but I did not tell my wife. I thought 
all was settled, I did not know of any form. 

Your serviceman installed the antenna, but not 
the television set when my wife did not understand 
the form and would not sign same. They returned to 
the roof and removed the antenna. 

After considerable trouble another crew was sent 
and did a fine job. But they could not use the bolts 
placed in the wall in the original installation, since 
the bolts would not hold. These bolts are still there 
for your inspection. 

.Very truly yours, 

Mr B 

We will leave it as an exercise for you to 
figure out how many things were wrong in the 
above case. 

Damage to the Roof. — A really serious pro-
blem that has been encountered, is customers' 
complaints of damage to the roof during instal-

lation. In most cases the roof was probably in bad 

shape before the installation was made. 

Of course it is necessary to be careful in all 
work done on the roof. But all the care you may 

take on the job won't protect you from the custom-
er's complaint, if the roof seal is broken and a 
leak develops. 

Before attempting any work on the roof, in fact 

before actually setting foot on the roof, look to 

see in what shape it is. If the condition of the 
roof is not good, do not install an antenna on the 
roof if it is at all possible to put it elsewhere. 

If the owner insists on a roof installation have 

him sign a written release. 

In most cases where the condition of the roof 

is doubtful, it is best to install the antenna some-

where else, preferably on the side of the house. 
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Fig. 5-6 

In every case be sure to record on your job 
report the condition of the roof. This information 
will be helpful in subsequent service calls, or in 

case of customer complaints. 

Here is an example of the sort of thing that 
can happen: 

Gentlemen: 

About a month ago your men installed an antenna 
on my roof and must have damaged the roof, because 
when it rained last night the roof leaked badly. 

The roof was new, having been repapered and 
tarred only about a year ago. Since your men were 
responsible, you should see that the roof is put back 
into good shape. 

Yours truly, 

Mrs. LS 

Investigation of the above case showed that 
the leak had developed following a snow storm. 
After a foot or more of snow had been shovelled 

from the roof, it was found that the leak had 

developed at a spot about 20 feet from the an-

tenna installation. The roof covering had been 

badly blistered and had been cracked by the 

weight of the snow. 

If the installation crew had noted this condi-

tion in their job report the problem would have 
been simple. As it was, the job of proving to the 
customer that we were not responsible for the 
leak that occurred a month later was not an easy 
one. 

It is entirely natural for a home owner to try 

to place the blame for roof damage on the last 
person he remembers to have been on the roof, 

even though that might have been months before 

the leak occured. This is sufficient reason for 

making a careful roof survey, and listing on the 
job report any condition that is below standard. 

Roof damage can sometimes become quite 

involved, as in the following case. About a week 
after the installation of a television receiver at a 

swanky night club, there was a terrific rain storm. 
There was no visible sign of a leak, but all the 

tropical fish in the glass panels all around the 
walls were dead. 

Investigation showed that a leak had de-
veloped on the roof about ten feet from the antenna 

installation. The water had seeped in between 
the outer wall and the wall of the night club and 
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caused a short circuit in the wiring. This had 

stopped aeration equipment that kept the water 
fresh in the club's fish tanks. 

Since the damage had occurred during the 
weekend, and was not discovered for some time, 
a great many expensive tropical fish could not 

cavort around to entertain the customers. 

Of course, since the last persons on the roof 
were the television installation men, they were 
the ones to be. blamed. And that case wasn't 
settled in a hurry! 

Fire Underwriters and Local Building Codes. — 

These codes are designed as a protection against 
fire and as a means to insure public safety. They 

are particularly of importance in the installation 
of television antennas, since violation of these 

codes can invalidate the customer's fire in-

surance policy. If a fire or injury to some person 

can be traced to a condition resulting from a 
violation of the code in an antenna installation, 
you and your company could be held liable for 
the damage. 

While there is some variation in local codes, 

most follow fairly closely Section 313 of the 

National Building Code Manual. This reads as 
follows: 

RADIO MASTS AND POLES 

"(A) No part of any radio equipment shall be erected 
in, on, or across any public street, avenue, road, 
highway, or other public space, and no wire in con-
nection with, used or intended to be used for radio 
reception shall be, when erected or in the course of 
erection, either over or under or within 10 feet of any 
electric light or power line. 

(B) No wire, mast, guy or support, for any wireless 
aerial shall be attached or strung over any fire escape 
or. fire ladder, nor shall any radio antenna which 
crosses the roof of any building be at an elevation of 
less than 7 feet above said roof. 

(C) No pole dr mast, guy or support for any wireless 
aerial shall be placed in any soil stack, vent pipe, or 
other plumbing appurtenance. No pole or mast, on a 
roof of a building and exceeding 20 feet in height, shall 
be erected without approval of the inspector of build-
ings; a sketch showing the dimensions, and proposed 
method of securing such pole or mast shall be sub-
mitted." 

Installations close to power lines may look 
safe enough. But in case of a storm, if either the 
power line or antenna is blown down, there is 

danger of contact with the high tension wire. In 
an installation in which the antenna elements are 

less than 7 feet above the roof, there is a hazard 

to firemen who may have to operate on the roof 

in an emergency — particularly at night, when the 
projecting elements are not easily seen. 

These requirements and others relating to the 

use of lightning arrestors, grounding antenna 

masts and the minimum size of ground wires have 

been set up as safety measures. As such they 
must be lived up to. 

Because of local conditions in some sections 
of the country the code may be modified in some 
respects. It is necessary, therefore, to check 
the local code in your district and live up to the 

requirements as specified there. 

You must remember that even though the 
customer may request it, an installation that is 
counter to the Fire Underwriters and Building 
Codes should not be made. Where there is any 

doubt, the matter should be referred to your super-
visor for checking with the Local Building In-
spector. 

CONDUCT IN THE CUSTOMER'S HOME 

5-4.. In previous lessons we have referred to 

the importance of the way in which you conduct 
yourself and your work in the customer's home. 

This makes quite an impression on the .customer, 
as these letters show: 

Dear Sir: 

I have had much trouble receiving Channel 1113 on 
my set, and several repair men had told me that the 
trouble was unavoidable. With this for an answer I had 
reconciled myself to poor reception until I was intro-
duced to one of your servicemen, Mr D._ . 

I am almost embarrassed in saying that it was a 
rather difficult job to reach the antenna, but Mr D_ 
took it all in his stride and reassured me in a most 
pleasant manner that it could all be adjusted. 

With promptness and dispatch, with sureness and 
"know-how", this serviceman put right what had been 
abandoned by others. 

I thank you for the wonderful service rendered 
your buying public and for your very good choice of 
intelligent service men. 

A satisfied customer, 

Mrs H D  

Gentlemen: 

Last week I purchased a(Name) television set 
from a local dealer. The set was installed by two of 
your men, Mr. J__ and Mr K._. 

It gives me great pleasure to let you know that 
these two men were the finest trades-people ever to 
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come into my house. First, they were gentlemen, just 
as polite and gentlemanly as they could be. Second, 
they both knew their business and lost no time in 
making a proper installation. And third, last and most 
important, they both seemed willing and pleased to 
answer a lot of foolish questions I fired at them, while 
showing me how to properly operate my set. 

I had begun to think that people of their ilk were 
fast becoming extinct, but they renewed my waning 
faith in mankind. I believe that in an organization of 
your kind they will go far. 

Very truly yours, 

Mr B M  

The last letter illustrates an important way in 

which good will is created, one not readily recog-
nized by most of us. When a customer asks a 

question, however simple it may appear, it is not 

a " foolish" question — it is just something that 

the customer does not understand and wants to 

have cleared up. 

Whether you are doing the job for one of the 

"four hundred," or for an average citizen like you 
and me, courtesy and consideration are important 
and appreciated. 

The above letters are examples of jobs well 

done. Now contrast them with a case in which 
the customer was definitely not pleased: 

Gentlemen: 

After much consideration I am remitting my 
check for renewal of my Service Contract. How-
ever, I feel that your service can and should be 
improved. 

On two occasions when I called for antenna ad-
justment to improve reception on the higher channels, 
the service man did not even bother to go up on the 
roof, saying that we had the best possible reception 
that we could expect. 

I hope that the second year of relationship with 
your company will be more pleasant. 

Very truly yours, 

Mr S J  

Of course, there are cases in which the 

customer is somewhat unreasonable. But a little 
extra courtesy and a little extra effort can bring 

the customer around to a better understanding and 

a better appreciation of the job that you do. 

A particular case in point is illustrated in 

this letter 

Dear Mr. 0 

Since writing my last letter to you, I have been 
reconverted from a dissatisfied television set owner 
to a well satisfied owner. 

Mr W handled the complaint in a completely 
satisfactory and competent manner and the re-instal-
lation conforms to what I had been led to believe an 
installation should be. 

I must admit that I deliberately tried to put Mr. 
IV_ on a tough spot when he was at my residence; 
but he called my hand in a very courteous manner and 
in my honest opinion did a very excellent job in ever); 
respect. It was a pleasure to make his acquaintance. 

Please accept my thanks for the prompt attention 
to my comPlaint, and you can be assured that you have 
changed my mind about your service. I am well 
pleased with the entire transaction. 

Very truly yours, 

A. Q  

Things to Remember in the Customer's Home. — 
When you approach the customer's home as a rep-
resentative of your service company, you carry 
with you the prestige of the organization — in 
fact, to the customer you are the company. 

To live up to that prestige, there are a few 
simple rules to remember. Actually, they all add 

up to just one basic rule. Ask yourself the 
question: 

"Is this the courteous and the proper thing 
to do?" 

"fhen, whenever you are in doubt, take the time 
to think it over to see if there isn't a better or 
more courteous way to do the job or to handle the 

situation. 

Specific rules to remember are: 

1. Before starting on the job, check your 

personal appearance. A clean shave, clean 
clothes, a neat hair comb, clean hands and finger 
nails not only make you feel at your best, but it 
makes a good initial impression with the customer. 

It is a real help in starting the day right. 

2. If no one answers your first ring or knock, 

try several times at one minute intervals to make 
sure that no one is home before leaving a "Not 
at Home Card". 

3. When first greeting the customer establish 
your identity by showing your identification card 
or badge. Do this without waiting for the custom-
er to ask you. 

4. Never enter the home unless accompanied 
by some member of the customer's family. This 

applies even when the customer has left the key 
with a neighbor with specific instructions to 
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admit you. You must be firm, in such cases, and 
leave your " Not at Home Card" instead. 

(Name of Company) 

EMPLOYEE 

IDENTIFICATION CARD 

glimmers .1 114•141. 

Tn. Card must be surrendered before receiving Mel rages. 

Fig. 5-7 

Fig. 5-8 

5. Watch your manners when entering the 
customer's home. Leave rubbers, raincoats, etc. 
outside. Be careful not to track any mud into 

the home. 

6. Confer with the customer on the location of 

the set and the antenna. If possible try to satisfy 

the personal preference as expressed by the 
customer, as long as that is not detrimental to 

the performance of the set and does not violate 

safety regulations. 

7. Inspect the set carefully before starting 
any work. Watch for any damage to the cabinet. 

If any repair is b yond your facilities, call the 
office for instructions. 

possible antenna location 

Fig. 5-9 

8. Stick to Contract provisions. If any ques-

tion arises show your copy of the Contract and 

explain its provisions. If this doesn't clear up all 
questions, offer to put the customer in touch with 

the manager. 

9. Ask permission before using the customer's 
phone. Make the call collect, if there is a toll. 

If the call might upset the customer it is better to 
excuse yourself for a few minutes and to use an 

outside phone. 
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inspect set carefully 

Fig. 5-10 

10. If a situation arises in which a more ex-
pensive antenna or other special installation is 

needed than your instructions call for, have either 
the dealer or the customer approve the extra 

charge in writing before you go ahead with the 

extra work. The customer is entitled to a full ex-
planation of any extra charge. The best way is 

to show an official rate sheet from which the 
charge is determined. 

Fig. 5-11 

11. Use a drop cloth as a place to pet out 
your tools, and as a means for catching shavings, 
filings and stripped insulation. Never place tools 

on the customer's polished floor, rugs or furniture. 

Fig. 5-12 

12. Be careful of the customer's property. If 
you have to move furniture, ask permission and 
be sure your hands are clean. Be particularly 

careful when using a soldering iron. 

13. Be sure to ask where to clean up, when it 

is necessary. Avoid use of the customer's towels 
and leave the wash basin clean and in good order. 
Remember that housewives are mighty fussy about 
their bathrooms and guest towels. 

14. If you have to work in front of a family 
audience, don't encourage questions. But if ques-

tions are asked that involve your work, make your 
answers as simple and to the point as possible. 

Be courteous but firm in avoiding drawn-out con-
versations. 

15. Carefully polish the face of the kinescope 
and both sides of the safety glass to be sure that 



Conduct in the Customer's Home 
5-15 

there are no finger prints or annoying specks to 

spoil the television picture. 

Fig. 5-13 

16. When the set-up job is completed, clean 

up all refuse and polish the cabinet. Be sure to 

see that windows are closed, screens replaced 

and that everything is in order. 

4 

which are the numbers of our  t television service shop. 

-ea.- • 
3 

Fig. 5-14 

17. Explain completely the operation of the 
set to the customer. Make sure that the proper 

use of each control is understood. Check to see 

that the customer has an instruction book. 

As proyid•d Irr your  TELEVISION OWNER CONTRACT,  this instrument has been installed 

in accordanc• with factory standards by our own sp•cially trained technicians. If it r•quires attention 

CALL •1ddress (Phone Number) 

As long as your  TELEVISION OWNER CONTRACT IS IN FORCE,  we will, without extra charg•, 

make whatever repairs are needed to keep this instrument in normal working order, provided, 

of course, that such n•eds result from normal usage. (See your copy of this contract ) 

/ IMPORTANT 
1. POWER FUSE — 

POWER CORD 

ANTENNA — — 

CONTROLS — — 

STATION — — 

(OVER) 

Troubles can be cleared most speedily if you make 
each of these simple checks BEFORE calling us. 

Is it intact? (You can check by plugging a floor lamp into the same 
socket. But if you lo, be sure to plug the instrument's power cord 

back into the socket again after making this test.) 

—Is it plugged in? Making good contact? 

Are both wires firmly connected to your instrument's terminals? 

Are all controls set as called for in the instruction book? 

Is the station you want on the air? ( If you can tune in another, it usually 
means the one you can't get is off the air.) 

PICTURE DEFECTS— Check what you see against the pictures in the instruction' book. 
(Refer particularly to uncontrollable interference effects.) 

Fig. 5-15 
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Fig. 5-16 

18. Explain your organization set-up and show 

the customer the address and telephone number 
on the service tag which you attach at the back 
of the receiver. 

19. Make your "Goodbye" important. If you 
have done a good job, you have gained a friend 

whose good will is passed on to friends and 
neighbors. 

Fig. 5-17 

Some "Don'ts " to Keep in Mind. — It is always 

best to remember the affirmative things that you 
should do. These are listed in the above set of 

rules of what to do on the installation job. How-
ever, there are also some "don'ts" that you need 
to watch out for. 

1. Don't smoke on the job, unless specifically 
invited to do so by the customer. In general, it is 

best not to smoke when working in the home. If 
you are invited to smoke, be careful to dispose 
of ashes, and do not rest your cigarette on furni-
ture or wood trim. 

Fig. 5-18 

2. Do not accept an alcoholic drink while on 

the job. The refusal of a drink offered by a 
customer will not be misunderstood if made 

courteously. Common sense tells you that it is 

not wise to drink on the job — not even a beer or 
two between calls. 

Fig. 5-19 

3. Don't forget your promises or appointments. 

Do not make promises unless you know that you 
can keep them. Keep your appointments, and on 

time. Sometimes a customer will try to get you 
to promise something that you cannot deliver. 

The only safe procedure is to make authorized 
promises only. 
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4. Don't interrupt a customer who is trying to 
explain what he wants or what is wrong. Respect 

the customer's viewpoint. He has to pay the bill. 
By listening courteously you get at the facts, 

gain his confidence and find it easier to explain 
any points that need to be cleared up. 

Fig. 5-20 

5. Don't criticise the customer. Even when 

you know that he is at fault, be as diplomatic as 
possible and avoid giving any cause for offense. 

6. Don't take anything for granted. Check 

everything carefully. Check all the controls and 

all the stations on the air. Check the customer's 
operation of the controls. \lake sure that the 

customer knows how to handle the controls pro-
perly before you consider an installation job 

finished. 

7. Don't have technical discussions with a 

helper on the job in the presence of the customer. 

In general that is bad form, particularly if it in-
volves points of difference regarding repairs. 

Any lack of cooperation or coordinated judgment 
in the presence of the customer leaves a poor 
impression. 

8. Do not neglect routine safety precautions. 
Most accidents are the result of carelessness or 
overconfidence. They can be avoided by just a 

little more care and thought in tackling each part 

of your job. Be particularly careful in any work 

Fig. 5-21 

on the roof. Make sure your ladder is on secure 

footing. Avoid dangerous positions, especially 
when working near the edge of the roof. Place 
tools and materials where they will not drop or 
endanger yourself or others. Don't try to handle a 

dangerous job alone. If additional help is needed 
call your supervisor. Do not try to save time at 

Fig. 5-22 
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the risk of a broken arm or leg. The customer 

would not like the idea of using the living room 
as an emergency ward. While you can depend on 

your company helping you to get back in shape 
again, its no fun nursing a broken "wishbone" 
and have your family wishing that you would 
learn to be more careful. 

9. Don't blame anyone for the faults that you 
may run into. It is always better to correct errors 
if you know how, regardless of who made then). 
You are a valuable man, if you can do that. 

10. Don't knock competitors. You are trying 

to win good will in the work that you do. Knocking 
the other fellow, or his product, does not win good 
will. Just point out the good points of your pro-
duct and the customer can make his own corn-
paris ons. 

11. Don't accept tips. Take pride in your com-
pany and your job. You carry a certain dignity as 
a representative of your company. By not accepting 
offered tips you gain the respect and the friend-
ship of your customers. 

Fig. 5-23 

12. Don't forget that as a representative of 
your company you have a key role in keeping 
customers sold on a good product. By keeping 
them sold, you help the sale of other products 

and services, to the benefit of all employees, 
including yourself. 

INSTRUCTING THE CUSTOMER 

5-5.•The records show that it is the little 

things that the customer doesn't quite understand 
that make him dissatisfied with his television 
receiver, far more than legitimate service troubles. 

That is why teaching the customer how to operate 

the receiver and explaining the service policy 
is such an important part of your installation 
job. 

Teaching the Customer to Operate the Re-

ceiver.— In the last section of Lesson 4 we went 
through the step by step procedure of teaching 
the customer how to operate the television re-

ceiver. Of course, you are keeping all the lessons 

of this course handy for quick reference. So look 
over that section and pick the points that should 
be emphasized. 

The points that you should remember when you 
are teaching the customer can be summarized as 
follows: 

1. Be sure that all adjustments have been 
made and that the set is working properly. 

2. Clean up thoroughly and polish the cabinet 
before calling the customer for instruction. 

3. It is good psychology not to show a perfect 

picture to the customer right at the start. If the 

customer sees a picture that looks perfect, and 
then in handling the controls the picture goes out 
of sync, she immediately thinks that you have 
done something wrong. If you start your instruc-
tions with a picture that is out of sync, and then 
demonstrate and explain the right way to correct 

it, in the customer's eyes you have proved your-
self to be an expert. 

4. Go through the operating procedure step by 
step and explain why each step is taken. 

5. Have the customer go through the procedure 
three or four times to be sure that she knows how 
to operate the controls. Be patient, don't criti-

cize and give advice only to correct an improper 

adjustment. 
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6. Turn over to the customer the " Television 
Instructions" that go with the set. Make sure 
that the customer knows where to find the oper-
ating instructions in this book and how to inter-
pret them correctly. 

Explaining Television Interference. — The 

principal cause of dissatisfaction with television 

reception is external interference which mars re-

ception. In many cases such interference can be 

eliminated, but in many more cases there is 
nothing that the installation man can do. The 

following procedure should help to make this 

problem clear to the customer. 

1. Turn to the section in the "Television 
Instructions" which deals with interference 
and show pictures of the various types of in-
terference that can spoil the appearance of the 

television picture. It is important for the custom-
er to see pictures of such interference in the 

book, as troubles that n.igla happen, before she 

sees it in her own receiver. Then she can under-
stand more readily that such troubles can be 

external and not the fault of the receiver: 

2. Check the reception of all available 

stations in the customer's presence, and explain 

the nature of any interference that shows up. If 
such reflections and interference are troubles 
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that you have not been able to clear up, explain 

why they cannot be eliminated. 

3. Naturally, the customer wants the very best 
reception that is possible in the neighborhood. 
But if there are local conditions that limit the 

quality of reception, these conditions must be 
carefully explained and clearly understood . 

That the customer really appreciates your 

efforts in explaining the proper operation of the 
receiver and the kinds of interference that might 
show up, is shown in such comments as these: 

Dear Sir: 

A (Name) television receiver was installed in my 
apartment last Thursday. 

This installation was made by Mr W and 
Mr. After the set had been adjusted and tested, 
complete instructions were given me on its operation. 

You are to be congratulated on the type of person-
nel you have selected to do this work as they are very 
efficient and courteous. 

Very truly yours, 

Mr. H B  

Dear Sirs: 

The television receiver recently installed in 
our home is the finest instrument we have ever seen, 
and we all enjoy the excellent reception aad tone 
quality. 

There is only one complaint. At a certain time 
each night especially on Channel 11,a radio ham inter-
feres with the reception. It's too bad the FCC can't 
stop this interference.. 

Sincerely yours, 

Mr. J. L   

Where it is at all possible to clear up reflec-
tions or interference of course that should be 
done. But the customer must understand clearly 
just what is involved. Here is an example of a 

job well done: 

Dear Mr. E 

Last month a technician from your office came 
ro my home and said he was going to check the 
interference in this vicinity. 

After he was through working on this problem he 
returned to my home and said he was pleased with the 
results. Well, I later carefully checked on Channel 4 
for several weeks and was convinced that the inter-
ference was at least 90% eliminated. 

Naturally some people to whom I have spoken still 
complain of all sorts of interference, especially on 
Channel 11 where they experience very fine lines run-
ning up and down the screen vertically. This may be 
something of another nature, but the performance on 
Channel 4 is definitely much improved. 
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I am well satisfied and personally wish to thank 
your Company for their fine efforts in this matter. It's 
sure a pleasure now to watch the set without those 
black lines. 

Thank you, 

Mr. I. D  

The above case involved tracing the cause of 
electrical interference, which turned out to be an 
electric sign in the neighborhood. Installation of 

a suitable filter at the source resulted in greatly 

improved reception in the entire neighborhood. Of 

course, such work should not be undertaken with-
out proper authorization by your shop manager. 

In each of these cases the customer was 
satisfied that the best possible reception for the 
particular neighborhood was obtained. Reception 
was not perfect, but the limitations had been 
clearly explained. 

But where the job of instruction and explana-

tion is not done thoroughly, the customer starts 
to worry about every reflection and wiggle in the 
picture, with a result like this: 

Gentlemen: 

The television set that I have at home is won-
derful, the reception is wonderful. The only thing 
that I am a little dissatisfied with, is that I can't 
eet a good picture on Channel 7. I get a double 
image. 

The men who installed the set told my wife that 
they can't do anything with it. They also said that 
there would be an improvement if we had our antenna 
extended, but they want $4.00 per hour per man which 
I don't think is fair. 

Sincerely yours, 

Mr. B. M  

In this case the cause of the double image 
on Channel 7 had not been made clear to the 
customer. It is possible that the addition of 
another element to the antenna could clear up or 
greatly improve Channel 7 reception. 

Where there is any question of a time and 

material charge the matter should be immediately 
referred to the supervisor at the office. A phone 
call might straighten it out. 

The fact that the customer can be made to 

realize that there are limitations to the reception 
in certain areas is best illustrated by the follow-
ing letter: 

Gentlemen: 

I must apologize for not writing this letter sooner, 
for if ever anyone deserved prompt commendation for a 
job speedily, efeciently and courteously executed, 
your organization does. 

My family and I were very pleased with your 
prompt reply to my letter of complaint, and were over-
whelmed with the painstaking and tireless efforts of 
your men (who incidently, were forced to work in a 
broiling sun) in doing everything that was humanly 
possible in order to eive us perfect reception. That 
they did not succeed in accomplishing this fact is, we 
are convinced, not due to lack of either effort or skill. 

We have been convinced that we reside in an area 
in which it is impossible to receive Channels 5 and 11 
without a ghost, and in which Channel 13 comes in 
very poorly. As a consequence, we will have to make 
all allowance for these difficulties and accept them 
as inevitable until we can find housing in some more 
suitable location. In any event, please be assured 
that your organization has been exonerated of all blame 
in connection with these troubles as far as we are 
concerned. 

Once again, let me assure you of our deep appreci-
ation of all you have done in order to satisfy us. You 
may be certain that if I am asked my recommendation 
for the best TV set on the market today, yours will be 
my choice. 

Very truly yours, 

Mrs M F 

CUSTOMERS' COMMON QUESTIONS 

5-6. In order to find out the kind of questions 

that customers commonly ask, a questionnaire 
was sent around to servicemen. From the sug-
gestions sent in, the following list of sample 

questions and answers has been compiled. You 

may find them helpful in answering similar ques-
tions of your customers. 

Sample Antenna Questions and Answers 

1. Q. Why is my antenna different from my 
neighbor's? 

A. fhe type of antenna we install at any 
location is the type that we feel is the 

best suited for that particular location. 
The antenna that you have is one of our 

best. We try to give you the best possible 

reception for all the transmitting stations 
in your area. At some locations it is possi-

ble to favor reception from a particular 

station or reduce reflections by adding 
extra elements to the antenna. For each 
location we install the antenna that will 
work best there. 
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2. Q. Am I more likely to be struck by lightning, 

now that I have an antenna mast on the 

roof? 

A. Your mast has been grounded and serves 

as a lightning rod, so that you are safer 

than before. Your transmission line has a 

lightning arrestor installed on it to give 

you further protection. 

3. Q. Why is my antenna pointed in a different 

direction than that of Mr. Jones on the 

next block? 

A. The direction that the antenna points may 

vary over a small area. At each location 

the antenna is oriented, that is it is turned, 

in the direction that results in best overall 

reception from all stations in that area. 

Sample Lead-in Questions and Answers. 

1. Q. Why didn't you use the black cable (co-

axial cable)? Is it because it costs more? 

A. Not at all. We use the coaxial cable only 

where local interference makes it neces-

sary. 

2. Q. Is it alright to touch the lead-in wires? 

A. Normally it is safe. You may even wash 

the lead-in wire, if you are careful not to 

cut or scratch the wires or the plastic 

surrounding or separating them. 

3. Q. What could happen if I did cut or scratch 

the wires? 

A. If you cut either of the two wires, your 

reception will be impaired. If the wires 

become bare because the insulation rias 

been scraped off, corrosion may set in and 

make your television picture intermittent. 

Sample Receiver Questions and Answers. 

1. Q. Does the receiver use much power? 

A. The receiver uses a little more power than 

a standard broadcast radio receiver. It 

uses approximately the same amount of 

power as a floor lamp. 

2. Q. How long will the picture tube last? 

A. The life of the picture varies. There is 

no exact time limit; some last longer than 

others. However, as long as you have our 

Service Contract, you will receive a new 
tube in the event of a failure. 

3. Q. Does the Factory Service Contract cover 

the other tubes also? 

A. Yes. 

4. Q. Why do I have so many controls on the 

front of my receiver? 

A. You do not have to adjust all the controls 

each time you use the receiver. We could 

put several of them on the back of your 

set. But in order that you may get the best 

performance from your receiver, we have 

them on the front where you may adjust 

them when necessary. 

5. Q. Why should these controls have to be ad-
justed? 

A. Adjustments may have to be made because 
of the different signal strengths of differ-

ent stations. Changes may be necessary 

at times because of variations in the 

temperature and humidity of the air, or the 

line voltage at the receiver. 

6. Q. If I don't move the controls in the order 

you just showed me, will it hurt the set? 

A. No. The controls can be operated in any 

sequence. I have shown you the factory 

recommended method of operating the con-

trols. This is the easiest way to adjust 

your set and usually gets the best results. 

7. Q. Why do I have reflections, but my friend 

does not? 

A. Each and every location presents different 

reflection conditions. Our installation 

men orient the antenna in a direction to 

get as nearly reflection-free pictures as 

possible on all channels used. If ana-

lyzed closely, approximately 50% of all 

receivers in use today usually do have 
reflections in some form. Some are 

closely spaced and are not particularly 

noticeable, while others are a definite 

detriment to the picture. At present there 

is no known method of making a good 

location out of a poor one. 

8 . Q. W, hy are the pictures dark and the sound 

sometimes poor on certain stations? 
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A. When a station is transmitting a scene from 

a motion picture film, frequently the pic-
ture appears dark because the white back-
ground from the film does not come through 
clearly. This is particularly true, even on 

new films, if they become oily or dirty. 

This condition also rcsults in poor or dis-
torted sound. If you wish, you can call 

the station to determine whether or not the 
televised program was on film. 

9. Q. Can I move the set once it has been in-
stalled in this spot? 

A. Your set can be treated just as you would 

treat any other expensive piece of furniture 
or large radio console. One thing to keep 
in mind, however, is to avoid any heavy 

jolting or jarring of the set. This could 
damage tubes or upset circuit adjustments. 

And don't forget the limitations due to the 
length of the transmission line. 

10. Q. Suppose I want to move it upstairs, down-

stairs or to another room? 

A. Call your Service Company sometime 
before you wish to move the set. We 

will arrange to move the set for you on a 
time-material expense basis. 

Sample Questions and Answers about Hazards. 

1. Q. Does the picture tube produce X-rays and 
are they dangerous? 

A. This question has been carefully investi-

gated by experts from a number of large 
companies. They testify that direct view 
tubes give off no X-rays. Projection tubes 

in home sets, which operate on high volt-
ages, give off some soft X-rays, immedi-

ately in front of the tube face. But the 
tube is enclosed in a metal barrel which 

prevents any rays from getting out of the 
receiver. There is no danger from X-rays 

in any present day home television re-
ceivers. All new developments are care-
fully checked to see that they do not pre-

sent a hazard to the customer. 

2. Q. Is there danger from the picture tube 

breaking? 

A. f his is a rare occurrence outside of tube 
factories. All necessary precautions are 

taken in installing a picture tube in your 
set. We've never heard of any injury in the 
home from the breaking or " implosion" of 

high vacuum picture tubes. But it is still 
not a good idea to let junior practice on 

the television set with his tool kit. Better 
teach him a healthy respect for the set and 

the picture tube, if he wants to keep on 
seeing "Howdy Doody". 

3. Q. Does television produce eye defects or 
disease? 

A. This matter, too, has been carefully in-
vestigated by the experts. According to a 
survey of authorities made by the Tele-
vision Broadcasters Association, the 
general consensus of opinion is that the 

only thing you can get from watching tele-
vision is a pair of tired eyes. Just as you 

can from reading or watching a movie. 

4. Q. How long can I watch television without 
eye fatigue? 

A. The experts agree that it is best not to 
watch your television set for more than 

three hours of continuous viewing. You 
can keep the set on and turn to something 
else every once in a while to rest your 

eyes. 

The following procedure has been recom-
mended to prevent eye strain. 

(1) Don't sit too close to the television 

screen. The proper distance depends 

on the size of the viewing tube. A 
good rule to find the best viewing 

distance is to multiply the width of 

picture by 10. On this basis the best 
distances are approximately as follows: 

Tube Size in Inches Viewing Distance in Feet 

20" 
16" 
12" 
10" 

16' 
13' 
10' 
8' 

(2) Do not put out the lights when watch-
ing the television screen. The eyes 

try to adjust themselves to the level 

of the light in the room. When the eye 
shifts from the dark to the light of the 

television screen, there is a conflict 

which may cause a headache. Always 
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(3) 

have some light in the room, but do 

not have it shine directly on the face 

of the picture tube. 

Don't look at the screen steadily, but 

rest the eyes by looking away from the 

screen now and then. 

(4) Television won't hurt your eyes; but, 

just like the movies, if you watch too 

long your eyes get tired. 

Sample Questions about Service. 

1. Q. Whom do I call if something goes wrong 

with my set? 

A. The telephone number of the Service 
Company responsible for servicing your 

MANUFACTURING 

ENGINEERING 

set is typed on the lower right hand 
corner of your Service Contract. Also 
it is on the tag attached to the rear of 
your receiver. 

2. Q. What happens when my year's guaranty is 

ended? 

A. Approximately two weeks before your 
service contract expires you will be noti-

fied and asked if you wish to renew your 

contract for another year. 

3. Q. How much will a renewal contract cost me? 

A. The cost varies with the type of instal-

lation, but normally it should be less than 

the original fee. 

SALES 

Fig. 5-25 
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IMPORTANCE OF THE ANTENNA 

6-1. It was pointed out in previous lessons 

that the receiving antenna is a very important 

part of the complete television receiving system. 

Upon the proper choice, installation, and orien-

tation of the antenna system depends the success 
or failure of the television receiver as a means 

of reproducing a good picture and good sound. 

For example, if you neglect to install an 

antenna with reflector when needed, there might 

appear on the screen a double or even triple 
image. These ghosts spoil the customer's enjoy-
ment of the picture. A ghost in the picture might 

also be caused by incorrect orientation of the 
antenna. To cite another example, a television 

receiver located in a fringe ( weak signal) area 

requires an antenna with relatively high gain (a 

term that will be explained later in this lesson). 

Failure to provide such an antenna may result in 

the picture appearing very "snowy". In fact, 
there may not be any picture at all because of 
insufficient signal at the receiver antenna termi-
nals. In addition to these more obvious results, 
troubles such as poor synchronization or the best 
sound not tracking with the clearest picture may 
be eliminated when a good antenna installation 
supplies enough picture signal to the receiver. 

In this lesson we shall deal with various 

types of antennas, their characteristics and uses. 

Specifically, we shall cover the following points: 

a. Elementary principles 

b. Bandwidth 

c. Directivity 

d. Gain 

e. Mechanical Characteristics 

ELEMENTARY PRINCIPLES 

6-2. Generally speaking, any piece of wire 

(or other conductor) may be considered as an 

antenna. The space surrounding us is filled with 

all sorts of electric waves, which are continually 
inducing currents in any and all conductors. Thus, 

even the steel frame of a building is an antenna — 
or a steel bridge or water tower. However, such 

objects are not practical antennas for our pur-
pose, and of course it might be a little difficult 

to attach our receivers to the nearest suspension 
bridge. It is necessary, therefore, to supply with 
each receiver (or group of receivers) a local 

conductor designed to do a specific job efficient-

ly. Such a conductor must meet very definite re-
quirements. First, it must have the proper elec-

trical characteristics to provide sufficient pickup, 

proper frequency response and bandwidth, and 
correct directional properties. Secondly, it must 
have certain mechanical characteristics. Some of 

these are: light weight, strength, rigidity and re-

sistance to corrosion. It should be relatively 
simple to mount, and be rotatable through 360° 
during preliminary installation. 

The transmission line (lead-in) must also meet 
rigid standards of design and construction if it is 

to prove satisfactory, but this is something we 
will discuss in a later lesson. 

Electromagnetic Waves. — In Lesson 2 you 
read that a high frequency current, which goes 

through its cycle of variations millions of times 
per second, flows in the dipole transmitting 
antenna. This sets up an electromagnetic field 

that reverses at the same rate as the current. 

Remember that it was explained in Lesson 2, 

Sec. 2-5, that the electromagnetic field consists 
of two components — an alternating electric field, 

and an alternating magnetic field at right angles 
to it. We can represent the changes in magni-
tude and direction of either component like this: 

TO. /mum 

minimum 

value 

time 

Fig. 6-1 
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Frequency. — This graph shows how the field 

varies with time at any one point in space. The 
parts of the curve below the zero line represent 

instants of time when the direction of the force 
exerted by the field is opposite to that during the 

time intervals represented by the parts of the 
curve above the zero line. One complete series 
of positive and negative values is a cycle. The 
field thus reverses its direction twice in each 
cycle. The number of complete cycles each 

second is the frequency of the signal. 

Thus, for a specific signal frequency in 
Channel 2, the field would be reversing its di-

rection 112,000,000 times each second. Its fre-
quency would be half this number — 56,000,000 
cycles per second, or 56 megacycles per second. 

As we mentioned previously, the high fre-

quency electromagnetic field travels outward 
through space, from the transmitting antenna, with 
a velocity of approximately 186,000 miles per 
second or 300,000,000 meters per second. A 

meter is 39.37 in., a little more than a yard. The 
field arrives at the receiving antenna in the form of 
waves much as waves of water reach the shore. 

Possibly for this reason, the reversing electro-

magnetic field is referred to as radio waves. You 

have all seen, at one time or another, waves or 

ripples in the water. The shape of the waves or 
ripples is such that there is a point of greatest 

height (maximum value) followed by a point of 
least height ( minimum value) and again followed 

by another similar point of greatest height, and 
so on. This characteristic is also true of electro-
magnetic waves and is shown here: 

maximum 

value 

o 

minimum 
value 

h— one wavelength 

distance from 

source of wave 

--- one ware lengrn 

Fig. 6-2 

This graph looks at first glance just like 

Fig. 6-1. But whereas Fig. 6-1 showed how the 
field varied with time at a particular point in 

6-3 

space, Fig. 6-2 shows how it varies with dis-

tance at a particular instant of time. 

Wavelength. — The distance between any two 
adjacent maximum (or minimum) points along the 
wave is known as the wavelength. In an electric 
wave, wavelength can be measured as the dis-

tance between two points of maximum (or minimum) 
voltage. The idea of wavelength is very important 
to us, since antennas are usually measured in 
terms of wavelength. 

Actually the wavelength doesn't have to be 
measured between minimum or maximum points, 
but can be taken as the distance between any 
two points on the wave that have the same value 

and are changing in the same direction. This 
corresponds to one cycle of the wave motion. 

It is important to note that wavelength depends 
upon two other factors already discussed. One 

of these is the frequency of the wave, the other 

is the velocity of wave travel. To be more 
specific, the wavelength is equal to the velocity 
divided by the frequency of the wave. 

Velocity  
Wavelength = 

Frequency 

The velocity of the radio wave in space is 
fixed at 186,000 miles per second or 300,000,000 

meters per second. Therefore, wavelength varies 

with the quantity that is not fixed, which is fre-
quency. Thus any increase of frequency results 
in a decrease of wavelength. A lower frequency 

wave has a longer wavelength. Television 
signals have very high frequencies, and corre-

spondingly short wavelengths. (Hence the term 
"short wave".) Wavelength is usually measured 
in meters. For example, at 60 mc. the wavelength 

is 5 meters; at 290 mc. the wavelength is 1.5 
meters. Because they are short, wavelengths in 
the television band are often specified in feet or 

inches. For 60 mc. the wavelength is 15-2/3 ft., 

and the wavelength for 209 mc. is 5 ft. 

Measurement of Antennas. — As we said be-

fore, antennas are measured in wavelengths. Thus, 

an antenna is said to be 1/2, 3/4, 1, 2, or more 
wavelengths long. The exact length in meters 

or feet depends on the chosen best frequency, 
which is the lowest frequency it is desired to 
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receive. (We'll explain later why the antenna 
length is determined by the lowest frequency, 

rather than some frequency in the middle of the 

band.) A dipole antenna, which is the type 
generally used in television, is 1/2 wavelength 
long at its best frequency. This refers to the 

overall length, as shown here. 

ono ft/ wore length 

transmission line 

to receiver 

Fig. 6-3 

Actually, we should modify that last statement, 
and say that the effective length of a dipole is 1/2 

wavelength at its best frequency. The actual 

physical length of the antenna is a little less 
than 1/2 wavelength. The difference between actual 
length and effective length is due to something 

called end effect., which has to do with the way 

the electromagnetic field behaves close to the 
ends of a physical antenna rod. This is one 
reason why, if you try to compute the length of a 

dipole from the formula given above for wave-

length in free space, you will come out with a 
slightly different answer than you would get by 
taking a tape measure and measuring a dipole cut 

for some particular frequency. 

ANTENNA BANDWIDTH 

6-3. One of the problems involved in television 

reception is antenna bandwidth. This is the total 

frequency spread, in megacycles, to which the 
antenna will respond efficiently. For present TV 

channels, a television antenna should respond 
adequately to a band of frequencies from about 

54 megacycles to 216 megacycles. This repre-
sents a total bandwidth of 162 megacycles and 

covers television Channels 2 through 13. Actually 
the channels run from 54 to 88 mc, and 174 to 

216 mc. 

We mentioned in Lesson 2 that a dipole antenna 
had a certain best frequency at which it provided 
the greatest amount of signal for the receiver. 

Suppose, then, that we build an antenna to work 

most efficiently at 54. mc., ( its best frequency). 
From what we have said before, it is apparent 

that the antenna should also receive signals 
efficiently up to 216 mc., or four times the original 

best frequency. 

It will help you to appreciate the bandwidth 
problem if you examine the following simplified 
drawing for the response of a dipole antenna: 

hest 

frequency 

high frequencies 

Fig. 6-4 

You can see by looking at the drawing that the 

pickup effectiveness, or response, of the dipole 
rises rather sharply to a peak at some frequency 
which we have been calling its best frequency. 

As we go above this best frequency, the response 
drops and levels off. The signal fed to the re-
ceiver at the best frequency is much stronger than 
the amount at any other frequency (assuming all 
signals are of the same strength at the antenna). 

You might think, then, that getting the highest 
and sharpest response is the right way to operate 
the antenna. Unfortunately, for a television 

antenna,this is not the case. 

Well then, if we cannot operate just at the 
best frequency of the dipole, what can we do? In 

Lesson 2, it was mentioned that the dipole is 
able to receive relatively well, signals higher 

than the best frequency; but the response is very 
poor for signals lower than the best frequency. 

From examination of Fig. 6-43we can see that the 
dipole response is relatively flat and even, once 

we drop down on the high frequency side of best 



Directional Response of an Antenna 

frequency. It is true that the response is less 
here than at best frequency, but this is of lesser 
importance than the fact that the response is 

broad and even. This is the portion of the antenna 
response curve that we will use. 

In order to produce a dipole antenna with such 

characteristics, it is necessary that it have a 
certain definite length. The length is so pro-
portioned that the best frequency, often called 

the resonant frequency, occurs near Channel 2 
(54-60 mc.), as shown in Fig. 6-4. 

It should be mentioned briefly here that the 
impedance of the transmission line also has an 
effect on the bandwidth, but this is something to 

be discussed in a later lesson. Another factor 
affecting bandwidth is the diameter of the dipole. 
It so happens that the bandwidth increases with 

larger diameter dipoles and this is one of the 
reasons for the use of fairly large diameter tubing 

rather than thin wire. More about this later. 

DIRECTIONAL RESPONSE OF AN ANTENNA 

6-4. We previously mentioned that an antenna 
had to have the correct directional response for 

proper reception on all channels. Let's see what 
we mean by directional response (or directivity) 

of an antenna. A receiving antenna is said to 
have directivity when it has greater pickup from 

certain directions than from others. 

In Lesson 2 we learned that the dipole would 
receive signals best when it was broadside to 
the transmitting station, and poorest when it was 
pointed like a spear at the transmitting station. 

We also saw that if the dipole was pointed at an 

angle of about 45° or so to the transmitter it 
would receive moderately well. It is apparent 

from this, that as we rotate the dipole with re-
spect to the transmitter, the reception will change 

from maximum to minimum and back to maximum 

as we rotate through 180°, starting in the broad-
side position. 

Antenna Pattern. — We are now going to pro-
ceed a bit further along these lines and develop 
the idea of the directivity pattern of an antenna. 

6-5 

We'll start by considering the directivity pattern 
of a simple dipole, operating at its best frequency, 
which is also the frequency of the transmitter. 

Later, we'll use this information to show the di-
rectional response of a number of other antenna 

types. The directivity pattern enables us to do 

this a lot more completely than we could by just 

using arrows like those in Figs. 2-19 and 2-20, 
of Lesson 2. 

Let us imagine that we have a mobile trans-

mitter mounted on a truck. We are going to have 
this imaginary truck drive around in a perfect 
circle with a radius of, say, 5 miles. At the exact 

center of the circle our dipole antenna is perma-
nently mounted and so positioned that the ends 
point East and West like this: 

North 

0: 360' 

180' 

South 

Fig. 6-5 

We must assume that we have some means of 

measuring the relative amounts of dipole pickup, 
such as a special calibrated receiver, or an r-f 
voltmeter. 

Pickup from 0° to 90°. — Now we drive the 

truck to the most northerly position,or 0°. We'll 
call this position 0°, and designate other posi-

tions around the circle in terms of the number of 
degrees of arc travelled by the truck from this 
point, as in Fig. 6:6. 

Now we turn the transmitter on and take a 
reading of signal voltage delivered by the dipole 
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Fig. 6-6 

to its terminals. Let us suppose that we get a 
reading of a certain number of electrical units — 

say 1000 microvolts. (The prefix " micro" or the 
symbol /./ means one millionth, so that a micro-

volt is one millionth of a volt.) This will be 
the maximum amount of pickup possible since 

the dipole is broadside to the transmitter. The 
electric waves are arriving parallel to the dipole 
and so, will induce the maximum currents in it. 

In order to plot a graph of directional response, 

we draw a circle and mark off 15° angles around 
the center. From the center draw an arrow to 0°, 

ten length units long, corresponding to 1000 micro-

volts, as shown in Fig. 6-6. This represents the 
maximum pickup possible. Now let's drive the 

truck in the clockwise direction to the position 

on the circle marked 15° (the dipole remains as 

before). We now take a reading of signal voltage 
from the dipole and find that it has decreased. 

The new reading is 950 pv instead of 1009. So 
iraw an arrow in the direction pointing to 15°, 

with a length that corresponds to 950 /iv, as 

shown in Fig. 6-7. The reading has decreased 
because the electric waves are no longer arriving 

at the dipole in a parallel position but are now 
15° off the parallel position, and therefore the 

currents induced in the dipole are less than before. 

In a similar manner we proceed with the truck 

to 30° and take a reading at the dipole. The pick-
up has decreased still more, to 850 /av, and for 

the same reasons we just discussed. An arrow 
of corresponding length is drawn towards 30°. 

When the truck is at 45° the reading is 700 /iv; 
at 60° the reading is 500 /Iv; at 75° the read-
ing is 350 /av and at 90° (East) the reading is 

very small, or is only about 50 /ay. As indicated 

in Fig. 6-7, arrows whose lengths are proportional 
to these readings are drawn in this polar diagram. 

180' 

Fig. 6-7 

The reason the reading at 90° is so small is 

that the electric waves are now arriving perpendi-

cular to the dipole, and induce practically no 
currents at all in it. This is the direction of 

minimum pickup. If the dipole were infinitely 
thin, the pickup at 90° would theoretically be 
zero. But since a physical dipole has some thick-

ness, there will be some small pickup from this 
direction of minimum response, which is called 
a null. 

We can now join the ends of all the lines with 

a smooth curve, and this gives us one-fourth (be-
tween 0° and 90°) of the complete directivity 
pattern shown in Fig. 6-8. 

Pickup Between 90° and 180°. — Let's move 

another 15° around the circle to 105°. Instead of 

decreasing further, we find that the pickup has 

now actually increased and is the same value as 
it was at 75°. As we movè further to 120° we get 
another increase to 500 /iv which is the same as 

the reading at 60°. At 135° the reading is 700 /av 
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(same as 450); at 150° the reading is 850 /iv 
(same as 30°); at 165° the reading is 950 px 

(same as 15°); and at 180° the reading is 1000 px, 
which is the maximum pickup and the same value 
as at 0°. Thus it is apparent that the pickup of 
the dipole is a maximum when the waves are 

arriving broadside to the antenna from either the 
front or back. 

Pickup From 180° to 360°. — If we complete 

the trip around through 270° and to 360° in steps 
of 15° each, we will find that we will trace out an 
exact duplication of the first 180°. This com-

pletes our dipole directivity pattern, which we 
can now fill in thus: 

0' 
345' /00° /5' 

330". 30' 

Fig. 6-8 

The individual lengths of the various lines 
indicate the relative pickup of the dipole from 
the directions indicated. We assume that the 
pickup voltage of the antenna changes continu-

ously as the truck drives from point to point 
around the circle. So instead of drawing lines, 
we can just draw the curve, knowing that if we 

wanted a line representing the antenna signal 
voltage developed by waves from any particular 
direction, its end would lie on the curve. 

We can see that the maximum pickup occurs 

when the dipole is broadside to the transmitting 

station (either front or back), just as we showed 
in Lesson 2. Also, minimum pickup occurs when 
the dipole is pointed like a spear at the trans-

6-7 

mitting station. But our complete directivity 
pattern now tells us exactly how mud pickup we 

can expect from any other direction. 

Dipole Response at Higher Frequencies. — We 

must now point out a very important fact. This 
exact pattern holds true only when the dipole is 

receiving signals at or near its resonant (best) 
frequency. As the signal frequency received by 

the antenna is increased, the pattern shape 

changes. For example, at Channel 6 (82-88 mc), 
the response of a dipole cut for Channel 2 (54-60 
mc) looks something like this: 

45" 

Fig. 6-9 

60" 

75' 

105' 

120' 

1.75" 

You will notice that the direction of maximum 
reception is no longer exactly broadside but has 

shifted to the side. At this channel there is a 

reduction of pickup in the broadside direction. 
This is generally not too serious and still pro-

vides good reception. However, when we go to 
the high frequency channels ( 174-216 mc) a very 

radical change in directivity occurs as shown 
in Fig. 6-10 on the next page. 

As you can see, what were once two sections 
(or lobes, as they are customarily called) are now 
split into four. What before was the direction of 

maximum pickup (broadside), now becomes a 

direction of minimum pickup. For high frequency 

channels, therefore, signals arriving broadside 

to an antenna cut for the low frequency channels 
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Fig. 6-10 

will be received poorly, compared to low fre-

quency channels in the same direction. 

One solution for improving the pickup at the 

high frequency channels, when using an antenna 
cut for the low channels, would be to rotate the 

antenna about 45° with respect to the trans-
mitting station. Increased pickup at the high 

frequency channels would now occur, but with a re-
duction of pickup at the low frequency channels. 

If you refer back to Fig. 6-8,you will see that the 
pickup at 45° is only 700 units compared to a 

maximum of 1000 units at 0°, which is a reduction 
of 30%. Under some conditions this may actually 

be a satisfactory solution, but not in all cases. 
More about this problem later in the lesson. 

Antenna Polarization. — It was previously 

mentioned (in Lesson 2) that there is something 

about the antenna and the radio wave called 

polarization, and that in television, horizontal 

polarization is the type used. The direction of 
polarization refers to the plane of the electric 

field in the radio wave, and is the same as the 

physical position of the transmitting antenna. All 
television transmitters use antennas whose ele-
ments lie principally in the horizontal plane and 
transmit a horizontally polarized electric wave. 

To be most effective, television receiving 

antennas should also be horizontally polarized 
to receive the horizontally polarized radio wave — 

that is, they should be erected parallel to the 
earth's surface. The preceeding discussion of di-

pole directivity was based on the premise that the 
receiving antenna was horizontally polarized. 

At television frequencies, horizontal polar-
ization is preferred because noise (static) inter-
ference is reduced and the possible distance of 

transmission and reception is somewhat greater. 

Other advantages are the ease of getting correct 
directional response, better mechanical design, 

and better electrical balance to ground. 

You should remember that the directional 
characteristics we have been discussing apply 

only to a simple dipole, without any additional 
elements. The addition of any such elements 

will modify the directional pattern,depending upon 

the particular arrangement. We will discuss this 
in following sections of this lesson. Also, it is 

important to remember how the directivity pattern 

of a simple dipole changes from the low to the 
high frequency channels. 

ANTENNA GA IN 

6-5. In many cases a simple dipole is suf-

ficient to provide enough signal for good re-
ception, but in some antenna installations, more 
than just a simple dipole is necessary. For 

example, receivers located in fringe areas usually 

require a complex antenna to put more signal into 
the receiver than a dipole alone could provide. A 

simple dipole, under such conditions, would pro-
vide such a weak signal that the picture would 
be very " snowy". The easiest way to improve 
the picture quality under such conditions is to 

increase the so-called gain of the antenna. 

What is gain? Well, basically gain is the 
amount by which some specific antenna is more 

effective in delivering signal to the transmission 
line than a simple dipole. For instance, if a com-

plex antenna delivers twice as much signal as a 

simple dipole (from the direction of maximum pick-
up), we say it has a gain of two. If it delivers 
three times as much signal, it has a gain of three, 

and so on. 

To take another example, suppose that our 
simple dipole of Fig. 6-6 is receiving a signal 
from the North, the direction of maximum pickup, 
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and provides 1000 microvolts at the receiver 

terminals. We replace it with a more complex 

antenna and orient it so its direction of best 
pickup is also to the North. Now suppose we 
measure the pickup of the new antenna from the 

North and find it to be 2,500 microvolts at the 
receiver terminals. The gain of the new antenna 

is 2.5 over the simple dipole. 

How do we get an antenna to have more gain? 

Well, the simplest method is to place another 
metal rod behind the dipole and in the same 
plane. This rod is called a reflector. Another 

method is to place one dipole above another. 

This is referred to as stacking of dipoles. We 
might add a warning here that you cannot mount 

the additional antenna elements any old way, but 
must have the correct spacing between elements 

to obtain the desired results. There are various 
other possibilities, and we will discuss a number 

of these and their characteristics in later sections 
of the lesson. Changing the gain of an antenna 
also has an effect on its bandwidth. 

Effect of Frequency. — Gain is affected by 

the frequency the antenna is receiving. For in-
stance, an antenna that has a gain of 3 for Channel 
2, may have a gain of only 2 for Channel 6. If 
Channels 2 and 6 were the only ones in the area, 
and if Channel 6 was normally received much 

weaker, it might be desirable to use an antenna 

with maximum gain at Channel 6. This is not 

standard practice, but may be necessary if all 

else fails. In such a case, it is true that we are 
favoring the weaker station at the expense of the 

stronger oneebut the chances are that the stronger 

one can still deliver a satisfactory signal to the 
receiver. 

Noise. — Gain may also be a very important 
factor if the area in which the receiver is located 

is subject to severe electrical interference. Such 
interference does not particularly disturb the 
sound reception because the sound is received by 

an FM system which is less sensitive to such 
interference. It does, howe'vel, cause disturb-

ances in the picture that are very annoying. The 

effects of such disturbances may sometimes be 
greatly reduced by providing an antenna with 

relatively high gain. This generally increases 

the signal pickup more than the interference pick-

up and permits the signal to override the interfer-

ence to a greater degree. We often speak of this 

effect by saying that we now have a greater 
signal-to-noise ratio. 

We have given just a general discussion here 
of what antenna gain is and why we often need 
it. This will be applied to specific antenna types 
as we take them up one at a time. 

MECHANICAL CHARACTER'S T 1 CS. 

6-6. All television antennas designed for 
outdoor installation must meet certain minimum 

requirements of mechanical design. It is not 

enough just to hang any old piece of wire or rod 
up on the roof in a haphazard manner. 

There are several basic requirements which 

every outdoor television antenna must meet. 
These are: 

I. It must be so mounted that there is no reasonable 
chance that it will fall. 

2. It must possess reasonable mechanical strength. 

3. !t must possess reasonable mechanical rigidity. 

4. It must be resistant to corrosion. 

5. The elements must not crystallize and break due to 
wind vibration. 

6. It must be easy to assemble and mount. 

7. It must be reasonable in cost. 

8. The structure should be reasonable in size and 
weight, and present a good appearance. 

We shall discuss each of these points and see 
what the various requirements are. 

Mounting. — All outdoor antennas are subject 
to strain from vibration, as well as wind and ice 
loading. Also, birds perch on antennas — and 

near the seashore this becomes an appreciable 

problem, for seagulls are no lightweights; as 

birds go. It is essential that whatever the mount-

ing involved, it be capable not only of supporting 
the dead weight of the antenna, but also of re-

sisting all the various other strains and vibrations 
that may occur. The mounting must be highly 
resistant to corrosion and mechanical failure to 
prevent the possibility of its breaking and per-

mitting the antenna to fall. If this should happen, 

it not only means additional time, labor, and 
money in replacing the antenna, but might also 
result in serious personal injury to anyone in the 
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immediate vicinity. In addition, the reputations 
of installation crews and of the company would 

certainly suffer. Specific types of mountings and 

their problems will be discussed in detail in 

Lesson 7 and 8. 

Mechanical Strength and Rigidity. — There are 
several points to be considered here: 

a. Wind pressures 

b. Ice loading 

c. Vibration of elements 

d. Vibration of cross arm 

It is possible, in many areas of the country, to 
experience occasional wind volocities ranging all 

the way up to possibly 85 or 100 miles per hour. 
While such high winds are not common, they do 
occur often enough to make it imperative that the 

television antenna does not fail under such strain. 

While it might not be reasonable to design all 

antennas to withstand constant velocities of 100 
miles per hour, the antenna should certainly be 

capable of withstanding winds in the order of 75 

to 80 miles per hour, occasionally, without failure. 

Not only is it imperative that the antenna does 
not fail completely under these circumstances, 

but also that the elements do not bend appreci-
ably. Any considerable bending will cause a 
change in antenna characteristics. Also, it would 

get a little monotonous to have to climb up on the 
roof to straighten the antenna after every wind-
storm. Excessive and continuous bending will of 

course eventually result in breaking the elements. 

Ice Loading. — One of the strains to which the 
antenna is subjected is that due to the formation 

of ice. An accumulation of ice over a period of 

time may cause bending due to the weight of the 
ice. In addition to this, the ice formation in-
creases the effective diameter of the antenna and 

makes it more subject to wind effects. That is, 
an antenna that could stand winds of say 75 miles 
per hour without any ice, might fail in the same 
wind if it were loaded with enough ice. 

In general, outdoor antennas are designed to 
withstand about 1/2 inch of hard ice loading with-
out bending or failure of the elements. 

Vibration of Elements. — The dipole antenna 
for the low frequency channels is about 8 ft. long, 

each of the two rods being about 4 ft. They are 

supported only at the center, leaving about 4 feet 

on each side of the support hanging free. Since 

the elements have a diameter of 3/8 inch, it is not 
hard to see that they could sway or vibrate when 

exposed to winds. Any such excessive vibration 

might have two major objectionable effects. First, 

there is the possibility of causing interference in 
the picture. It has been proven that a vibration 

of only a few inches at the outer ends of the 
antenna will cause objectionable changes in pic-

ture size and intensity. Secondly, antenna vibra-
tion may cause crystallization of the antenna 

elements, which will eventually result in break-
age. In general, antenna elements made of solid 

rods are not suitable because they tend to vibrate 

too much. More suitable elements are constructed 
of simple hollow tubing, or a combination of solid 

and hollow tubing. 

Vibration of Cross Arm. — A type of vibration 

that may occur in the cross arm is known as 
torsional (twisting) vibration. The antenna ele-
ments are mounted on a piece called the cross 

arm. In some winds the elements will tend to 
rock and in turn will tend to twist the cross arm. 

If the cross arm is not sufficiently rigid, a rock-
ing motion will be set up. Such a rocking motion, 

if excessive, will cause changes in the picture 
similar to that caused by element vibration. The 
cross arm should be suitably constructed so as to 
limit torsional vibration to a very small amount. 

Corrosion. — An antenna, to be efficient, must 
be a good conductor of electricity. If it is not, a 
lot of the signal may be lost in overcoming the 
antenna resistance. It is interesting to note that 
at the high frequencies in television, the currents 
flow upon the outer surface of the antenna element 
only and not through its cross section. (This is 

called "skin effect".) As a result, it is impera-
tive that the outer surface be maintained smooth, 
clean, and free of corrosion. Any corrosion form-
ing on the antenna surface will "eat up" some of 

the received signal and reduce the picture strength 
at the receiver. Corrosion may ale form around 

the connecting terminals to the transmission line 
and thus further reduce the signal to the receiver. 

To prevent this form of corrosion, antenna ele-
ments may be constructed of such materials as 

Dural, or corrosion proofed steel. All terminals 
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and bolts must also be constructed of corrosion 

proof metals. 

Crystallization. — We have all,at one time or 
another, taken a piece of wire or other metal and 
broken it by bending it back and forth a number of 

times. The metal will withstand just so many 
bends, after which it becomes very stiff and 
suddenly snaps. The metal is said to have be-

come crystallized, or fatigued, due to bending, 

and this crystallization is the cause for the 

sudden breakage. Antenna elements are subject 

to considerable bending due to the effects of wind 
and must therefore be constructed of suitable 
metals to prevent early crystallization and break-
age. Such metals as Dural and steel appear to 
have great resistance to crystallization. 

THE DIPOLE ANTENNA 

6-7. Of all the various antenna types, the 

dipole is the simplest. It consists merely of two 
rods mounted on a suitable cross arm support, as 

shown here: 

Fig. 6-11 

The overall length of the low-band dipole 
from end to end is such that its best frequency is 

approximately at Channel 2, as previously stated. 

Dipole Assembly. — There are various ways in 

which the antenna may be assembled. For ex-
ample, the rods could be thrust through holes in 
a wooden cross arm and secured with washers 

and nuts. Another possibility would be to have 

the dipole and cross arm all assembled, but 
normally folded up for transport. When ready for 

use, the assembly could be opened up like an 

umbrella and secured by wing nuts, locking bolts 
or other means. The latter method greatly reduces 

assembly time of the antenna but poses some 

serious problems in providing proper mechanical 
characteristics, such as resistance to ice loading 

and wind pressure. 

In any event, the transmission line is always 

fastened to the ends of the rods secured by the 
cross arm. The connections must be good electri-

cally and mechanically, and made with corrosion 
proof materials. 

Dipole Bandwidth. — Of all the various an-
tenna types we shall discuss, the dipole has a 
bandwidth characteristic that is superior to most 

other types. It will cover all of the low frequency 

channels (2 to 6)satisfactorily if cut to Channel 
2. There will be a reduction of signal strength 

at Channel 6 with respect to Channel 2,but this 

is usually not too serious. It is possible to cover 
all of the high frequency channels (7 to 13) pro-

perly with the loW-band dipole, cut for Channel 2, 
by orienting the antenna at an angle about 45° 
away from the broadside direction. The reason 
why this is necessary is that the dipole's di-

rectional response curve breaks up into four 
separate lobes for the high channels, as shown 

in Fig. 6-10. 

The bandwidth characteristics of the dipole 

will be better at the high frequency channels, be-

cause the channel bandwidth, relative to the low-

est frequency in the band, is less for the high 
band channels than for the low channels. 

To illustrate this point, we note that the low 

channels range from 54 mc to 88 mc. The differ-

ence between the two frequencies is 34, the width 
of the band in megacycles. Now if we divide the 

width of the band by its lower frequency limit (34 

divided by 54), we get an answer of 0.625. This 

is the relative width of the low band — 62.5% of 
the lowest frequency to be received. 

To compare this with the high band, 174 mc 
to 216 mc, we subtract 174 from 216 to get 42 mc., 

the width of the band. Dividing 42 by 174, we get 
0.24, showing that the relative width of the high 
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band in only 24% of its lowest frequency. 

This bit of arithmetic shows why it is easier 

to get an antenna to cover the high band than the 
low, since the bandwidth characteristics of an 

antenna depend more on the relative bandwidth 

to be received, than on the absolute bandwidth in 
megacycles. 

Directional Characteristics. — The directional 
characteristics of a dipole have been thoroughly 

discussed in Section 6-4 of this lesson. The 
essential features of the dipole's directivity 

pattern are: 

1. It receives the most signal at or near its best fre-
quency from directions broadside to the antenna, 
both front and back. 

2. For higher frequencies, the direction of best re-
sponse shifts toward the antenna. The response of 
a low band dipole for the high frequency channels 
breaks up into four lobes at angles of about 450 
from the broadside direction. 

Dipole Gain. — From our discussion in a pre-
ceeding section in this lesson we learned that a 
resonant dipole was the standard upon which the 

gain of other antennas is based. We cannot say, 

therefore, that a dipole has any gain, since the 

maximum would be a gain of one. At frequencies 
other than its best frequency, the dipole gain is 
less than one. 

Summary of Dipole Characteristics. — While a 
dipole is the simplest antenna, it has limited use. 
First of all, it has no gain. In general, it can 
seldom be used at distances greater than about 15 
miles from the transmitter. However, this dis-
tance may vary with the local terrain and no flat 
statement can be made to cover all cases. An-
other limitation is to be found in the shape of its 

directional response pattern. As previously dis-

cussed, the dipole receives equally well from 
either the front or rear. In many instances, this 
characteristic of receiving signals from the front 
and back results in multiple path reception that 

produces a ghost in the picture. We'll go into 

this in a little more detail as soon as we explain 
another type of dipole antenna. 

The Folded Dipole. — The folded dipole is 

illustrated in Fig. 6-12. 

The overall physical length is approximately 

one-half wavelength at the resonant frequency. 

ono half ware/moth 

•  

transmission him 

to rocoirar 

Fig. 6-12 

(It is slightly shorter than the theoretical length, 

due to end effect.) This antenna is called a 
folded dipole because it is almost two dipole 

lengths folded back upon itself. The spacing be-
tween the two rods is always a very small part of 
a wavelength, and may be lA'  to 3 inches. Of 
course, for the parallel wire folded dipole this 
spacing is only 0.3 inches, the width of the line. 

The folded dipole can be constructed from a 
piece of twin lead transmission line to serve 

as a convenient indoor antenna. Just cut a length 

of transmission line a little shorter than a half-

wave, short the ends and open one conductor at 

the center for the connection to the receiver. The 
antenna is shown in Fig. 6-13. 

The amount of pickup from a folded dipole is 
about the same as from a simple dipole of the 
same overall length. When used with 300-ohm 

transmission line the bandwidth is somewhat 
poorer than that of a simple dipole. 

An important characteristic of the folded di-

pole is that it has a characteristic impedance of 

300 ohms. Parallel wire transmission line also 
has a characteristic impedance of 300 ohms. With 
the 300 ohm line connected to the 300 ohm folded 
dipole, we have a higher voltage delivered to the 

receiver than would be the case with a simple 
dipole. 

This characteristic makes the folded dipole a 

good antenna in fringe areas where only one 
station is to be received, or to boost the response 

for one particularly weak station. But because of 
the relatively narrow bandwidth of the folded di-

pole as compared with the simple dipole, and the 
fact that it picks up no more signal than the 
simple dipole, the folded dipole is not the answer 
to all fringe area problems. 

The directional response is the same as for 

the simple dipole previously described. It re-
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ceives equally well from front and back and, 

therefore, is subject to ghost interference due to 

reflections from the rear. 

Multiple Path Reflections. — A way in which 

the dipole antenna can receive a picture signal 
over two different paths is shown here: 

•••• 

reflected wave 

In this figure we can see that it is possible 

for the receiving antenna to pick up the signal 

from the front and rear of the antenna. This in 
itself is not as serious as the fact that the 

signal being received from the rear is traveling a 

longer distance (A to B to C) than the direct 

signal (A to C). The signal that bounces off the 

Fig. 6-14 
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building and is returned to the antenna from the 

rear, arrives later than the direct signal because 
of the increased distance. This will cause a 

second picture to appear on the screen, which is 

displaced to the right of the original picture, 
producing a ghost image. 

The amount by which the second picture is 
displaced to the right increases as the distance 

A to B to C becomes greater than the distance 

from A to C. However, if the distance is only about 

50 feet more than the distance A to C, the amount 
of displacement of the ghost will be very slight 

and will not show up as a separate picture at all. 
But this may cause a loss of fine detail in the 

picture, or distorted sound. 

Any such ghost in the picture will prove 
extremely annoying to the viewer. In order to 
reduce it, we must provide an antenna that can 
discriminate against reception from the rear. A 

simple dipole cannot do this and, therefore, will 

prove unsatisfactory under such conditions. 

A dipole is useful only fairly close to the 
transmitter and only in the absence of reflections. 
At locations approximately midway between two 

stations on the same or adjacent channels, there 
will be an additional problem of interference be-
cause the dipole receives equally well from the 
front or back. 

DIPOLE WI TH REFLECTOR 

6-8. According to our earlier discussion, the 
dipole has two major shortcomings in gain and 

directivity. In order to improve the characteristics 
of the antenna in these respects it is possible to 

add another element called a reflector. Addition 
of the reflector will increase the gain of the 

antenna, and improve its directional properties. 

It also has an effect upon the bandwidth. 

Assembly. — This assembly consists of a 

standard dipole antenna as previously described, 
a reflector rod slightly longer than the dipole, 

and a cross arm which must be longer than that 
used with the dipole alone. There are no electri-

cal connections made to the reflector, the custom-
ary transmission line connections being made to 

the dipole. The reflector rod may actually be in 
sections but joined electrically at the center so 

as to act as one continuous rod. A sketch of this 
assembly is shown here: 

Fig. 6-15 

You can see that the reflector is mounted 
behind the dipole and parallel to it. The spacing 

between the dipole and reflector is usually a 

little less than half the length of the dipole. The 
reason for this spacing will be discussed later. 
As in the case of the simple dipole, the unit may 

be made of separate rods assembled with washers, 
nuts and bolts upon a separate cross arm, or it 
may be made up as a folded compact unit, which 

just has to be opened up and locked into place 
by wing nuts or bolts. 

Directional Response. — The addition of the 

reflector has a pronounced effect upon the di-
rectional response of the dipole, as illustrated 
in Fig. 6-16. 

Pickup from the front is increased at the same 
time that pickup from the rear is decreased. The 
directional pattern is also narrowed, as can be 

seen in the figure. This means that it is now 
more able to discriminate against signals that do 

not arrive broadside to the antenna. The fact 

that pickup from the rear and the sides is con-
siderably decreased is of great assistance in 

reducing the effects of reflected signals coming 
in from these directions. Such signals, as you 
know, may cause ghosts. 

The reason for this new directional response 
is the addition of the reflector, and we shall now 

try to see in a simplified way how this comes 
about. 

As you can see in the sketch Fig. 6-15, the 
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reflector is placed to the rear of the dipole with 
respect to the transmitting station. Waves arriving 

from the transmitter will first come to the dipole. 
Here they will induce currents in the dipole and 

send a signal down the transmission line to the 
receiver. However, when currents flow in the 
dipole they cause it to act as a secondary trans-
mitter, and it also radiates waves of its own. 

These new radiated waves travel to the reflector 

(and in other directions) and induce currents in 
the reflector, in addition to the currents induced 

in it by the transmitter. So now, the reflector too 
acts as another transmitter, radiating waves of 
its own back to the dipole (as well as in other 

directions). If the length of the reflector is correct 
and its spacing from the antenna dipole is proper, 
the waves coming back to the dipole from the re-

flector will be such that they will aid the original 
signal coming to the dipole from the transmitter. 

The result is that a stronger signal will be sent 

to the receiver than if a dipole were used alone 

without a reflector, since energy which would 

otherwise have been wasted by radiation is used 

to produce more signal in the antenna. 

There is another point to consider in the im-

proved pickup from the front. Some of the waves 

arriving from the transmitter miss the dipole 

entirely but manage to reach the reflector. Such 
waves also induce currents in the reflector of 

such nature that the reflector again radiates waves 
back to the dipole and further reinforces the 

signal going to the receiver. Thus the total di-
pole pickup is considerably improved from the 

front. 

Now consider what happens to waves arriving 

from the rear. These will of course strike the 
reflector first, and the dipole second. When the 

waves strike the reflector, currents are induced 
in it and the reflector radiates waves to the di-
pole. These radiated waves arrive at the dipole 
at the same time that reflected waves from the 

rear which do not intercept the reflector also 
arrive at the dipole. These two sets of waves 

arrive in such fashion that they tend to cancel 
each other at the dipole, thereby reducing the 

total pickup from the rear. The pickup from the 

rear is not cancelled out completely but may often 
be reduced to such a value as to make its effects 

negligible in the receiver. 

Front to Back Ratio. — It is useful, when dis-
cussing complex antennas such as this one, to 
speak of the so-called front to back ratio. This 

ratio is simply an indication of how much more 
effective the antenna system is in receiving 
signals from the front than from the back. For 
example, suppose that in a certain location the 

signal arrives at the antenna with equal strength 
from both the front and rear. Let us further 

suppose that the antenna operates so as to deliver 
twice as much signal to the receiver from front-

ward signals as from rearward signals. We would 
then state that this antenna has a front-to-back 

ratio of two to one. This, incidentally, is about 

the ratio to be expected in the dipole and re-
flector combination we are discussing, near its 

resonant frequency. 

Bandwidth. — The bandwidth of a dipole and 

reflector is determined to a large extent by the 
spacing between the two elements. In general, 
the closer the spacing, the less the bandwidth. 



6-16 TELEVISION SERVICING COURSE, LESSON 6 

If the spacing is made too close, the bandwidth 
may be seriously restricted. In television an-
tennas, a spacing in the order of one-quarter 

wavelength is used. This has a negligible effect 

on the bandwidth of the antenna. With this 

spacing, the bandwidth of a dipole and reflector 
compares favorably with that of a simple dipole 
alone. 

Gain. — A dipole and reflector has a gain over 
a simple dipole. The exact amount of gain is a 
function of the spacing between dipole and re-

flector. The closer the spacing (within limits), 
the greater the gain. However, as we said before, 

closer spacings reduce the bandwidth and a com-

promise must be reached between bandwidth and 

gain. With the usual spacings in television an-

tennas, the actual gain varies for different 
channels. For example,on Channel 3, we might 
get a gain in pickup of about 1.6, providing 60% 
more signal than a dipole, while at Channel 6 the 

gain might be only 1.25. In general, the gain is 
good over all channels and the performance is 
superior to that of a dipole alone. 

When to Use. — The dipole and reflector has 
two distinct advantages over the simple dipole: 

1. Improved directivity ( front-to-back ratio). 

2. Improved gain. 

Both of these advantages suggest the possi-

bilities for the use of a dipole and reflector an-

tenna. It can be used at greater distances from 
the transmitter than the simple dipole. For 

average roof top elevations, satisfactory reception 

may be had at distances up to about 25 miles. 
For higher antenna elevations, greater distances 
may be obtained. 

The rejection of rearward arriving signals 
makes it possible to reduce ghost reception in 
many cases, thus improving the quality of re-
ception. 

In general, we may say that the dipole and 
reflector has improved directivity and gain 

characteristics over a simple dipole. However, 
the assembly still has one rather serious dis-

advantage of the dipole. That is, at the high fre-
quency channels, the pattern splits up into 
multiple parts instead of only two. For example, 
at Channel 7 it looks like this: 

195" 165" 
180" 

Fig. 6-17 

And at Channel 11 it looks like this: 
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These changes in directivity pattern mane it 
very difficult to receive all of the channels from 

a given direction with acceptable signal strength. 

HIGH FREQUENCY AN TEN NA ATTACHMENTS 

6-9. We have just seen that the addition of a 

reflector gives us gain and improved directional 

response. However, the reflector does not cure 
the splitting up of the antenna pattern. We have a 
means of preventing this pattern splitting, by the 
addition to the dipole of so called loading wings. 
Adding a high frequency reflector to the low-band 
antenna is another method of improving its re-
sponse for the high channels. 

Wings. — The assembly of the dipole with 
loading wings is identical to the original assembly 

of the dipole except for the addition of the wings. 
Each of these wings consists of two rods, ar-

ranged to form a "V", and fastened to the dipole 
proper. There are two wings for each dipole as 
shown here: 

Fig. 6-19 

The " V's" are constructed of 3/16th inch 

rods, each about 16 inches long, fastened together 
at one end and clamped to the dipole. The 
clamped end is fastened to the dipole at a point 

about 9 inches from the cross arm. (These di-
mensions are for one particular antenna, and may 

vary somewhat for other types.) 

Loading wings are very useful when the high-

band and low-band stations are in the same di-

rection. Before the development of the wings, it 
was often necessary in a case like this either to 
use a separate high-frequency antenna, or to re-

orient the low-frequency dipole. The latter 
expedient, of course, improved the high channel 

reception only at the expense of the low-frequency 
channels. 

Addition of the wings causes a change in the 
antenna currents at high frequencies so that the 

directional pattern of the antenna does not split 
at the high channels, but remains substantially 

as a single front lobe and a single back lobe, as 
shown in Fig. 6-20. 

Fig. 6-2f) 

Thus the direction of best pickup remains 
broadside to the antenna for all channels. This 

makes it possible to use a single antenna system 
on all channels with good results up to 25 — 39 
miles from the transmitter. The antenna is 

simply oriented broadside to the general direction 

of the transmitting stations desired, all stations 
being received in this one orientation. 

The low frequency channel response is un-

affected by the addition of wings. All other 

characteristics, such as gain, front-to-back ratio 
and bandwidth remain substantially the same as 
without wings. 
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Fig. 6-21 

A dipole with wings may be used in combi-

nation with a low-frequency reflector, as pre-

viously described. This is shown in Fig. 6-21. 
The action of the reflector remains as before on 
the low channels. For the high band channels, 
however, the antenna operates as a simple dipole, 

because the low frequency reflector does not have 
the correct spacing for a good front-to-back ratio 

at the high frequencies. The pattern does not 

split up on the high channels, however, thereby 
simplifying orientation and improving the ef-

fectiveness of the antenna system. 

High Frequency Reflector. — The high fre-
quency reflector consists of a rod about 33 inches 
long mounted approximately 14 inches behind the 

dipole. (These dimensions may vary somewhat 

with different antennas.) The assembly looks 

like this: 

Fig. 6-22 

We can see from the figure that the high fre-

quency reflector is used in conjunction with a 
low frequency reflector, the action and character-
istics of which we previously described. The 
high frequency reflector has no electrical con-

nection to either the dipole or the low frequency 

reflector but receives its energy due to the in-

duced currents in it. 

The addition of the high frequency reflector 

has no effect upon the operation of the antenna 
assembly at the low channels. It does, however, 

provide slightly more gain on the high channels 

than can be obtained with a low frequency re-
flector. In addition, an improved front-to-back 

ratio at the high channels is obtained. This 
ratio, using the high frequency reflector, is about 
2 to 1 as compared to about a 1 to 1 ratio at the 
high channels without the use of the high fre-

quency reflector. This means that when using a 
dipole and low frequency reflector alone, there is 

practically no discrimination at the high channels 

against receiving signals from the rear. This of 
course may result in ghosts. 

The addition of a high frequency reflector 
greatly reduces reception from the rear on the 
high band channels and reduces the possibility 
of ghosts. It should therefore be used whenever 
there is a probability of such ghost reception. 

The increased gain at high channels also indi-
cates that it may be used in areas where the high 

channel signal strength is somewhat lower than 
might be desired. 

High Frequency Folded Dipole and Reflector. — 

In certain areas, where only high band television 
channels are broadcasting, it is possible to use a 
high frequency folded dipole with folded reflector. 

In practice, this antenna is simply the top section 
of the high-low combination shown in Fig. 6-23. 
The, performance of this antenna on the high band 

channels is very similar to that of the low fre-

quency dipole and reflector operating for low 

band channels, as previously explained. 

The reflector used with the high frequency 

folded dipole is also folded,as can be seen in 

Fig. 6-23. The reason for using a folded reflector 
is that it provides greater mechanical rigidity for 
a given diameter rod. The electrical character-
istics of a folded reflector are about the same as 
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for a single rod reflector. The folded reflector 
will be slightly shorter due to increased end 

effect. On some antennas the folded dipole is 

29 inches long, the folded reflector is 311/2 inches 
long and the spacing between the two is about 
13 inches. These dimensions may vary with 

different types. 

HIGH-LOW ANTENNA COMBINATION 

6-10. In the preceeding section,we discussed 
the advantages of adding high frequency wings and 
high frequency reflectors. The reason for doing 
this is to improve the high frequency response of 
the antenna in regard to gain and directional re-
sponse. As we noted, the average maximum 
distance from the transmitter for the previously 
discussed antennas is about 25 to 39 miles. This 
distance is limited to a greater extent by the high 
channel reception ( because the higher frequencies 

become weaker before the lower frequencies) than 
by low channel reception. Therefore, if we could 
increase the gain of the antenna system on the 

high channels, without worrying too much at the 
moment about the low channels, the maximum 
usable distance of the antenna could be some-

what increased. 

Another problem may exist which we have not 

heretofore discussed. That is the possibility 
of the high frequency stations in some areas 

being situated in a radically different di-
rection from the low channel stations. This 
situation requires the use of the so called " piggy-
back" arrangement which permits one portion of 

the antenna to be oriented independently of the 
other portion. Another advantage of separate 

orientation is the possibility of minimizing ghosts 
due to reflections. 

The high-low antenna illustrated in Fig. 6-23 
fulfills both of the above requirements by provid-

ing: ( 1) increased gain at the high channels and 

(2) independent orientation for high and low fre-
quency channels. 

Assembly of the High-Low Combination. — 
The assembly consists of three basic units: 

1. A low frequency dipole and reflector identical to 
that previously described. 

2. A high frequency folded dipole and reflector. 

3. A so called "phasing harness" or antenna coupler, 
to connect the two antennas to one transmission 
line. 

Fig. 6-23 

A close up view of the assembly is shown in 

Fig. 6-24, on the following page. 

The high frequency folded dipole and reflector 
is located at the top of the mast. The low fre-

quency dipole and reflector is situated about 33 
inches lower. Both antennas can be individually 

oriented, and then fastened, in any desired di-

rection. 

The Phasing Harness. — The phasing harness 

is made up of three sections of transmission line 

and a junction terminal block (or splice). The 
three sections consist of 12 inch, 371/2 inch and 
121/2 inch lengths, as shown in the close-up view 

of the combination. 

The high frequency folded dipole is connected 
to the junction block (or splice) by the 12 inch 

section. The low frequency dipole is connected 

to the junction block (or splice) by the 371/ inch 
section. The 121/2 inch section is also connected 
to the low frequency dipole at one end, but the 
other end of this section does not connect to 

anything. The reason for this is to prevent high 
channel stations from affecting the low frequency 
antenna. The phasing harness makes it possible 
to connect both antennas (high and low frequency) 

to a single transmission line, so that each acts 
independently, without interferihg with the other. 

Directional Response of the High-Low An-

tenna. — The directional response at the low fre-
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transmission line 

to receiver 

Fig. 6-24 

quency channels is basically the same as that of 
the low frequency dipole and reflector. This has 

been discussed in a preceeding section. The 

directional response at the high frequency 
channels is very similar to that of the dipole and 
reflector with wings and high frequency reflector, 

as previously discussed. However, the directivity 
pattern of the high-low antenna at the high 
channels is somewhat sharper than the preceeding 
antennas, and this makes the orientation of the 
high frequency section somewhat more critical 
than before. 

Gain of the High- Low Combination. — The gain 

of the antenna system at the low channels is 

about the same as that of the low frequency dipole 

and reflector. This has already been discussed. 
Actually there is a slight loss of gain due to the 
effects of the high frequency section, but this is 
very small and of little or no consequence. 

On the high frequency channels, the pick-up 
of the high-low antennas is considerably greater 
than that of the previously discussed antennas. 

The exact gain varies somewhat with frequency, 

but on the average, the pick-up at high channels 
is about 1.8 times that of the low frequency di-

pole and reflector with wings and high frequency 

12" line 

junction terminal block 

or additional standoff 

and splice 

—372" line 
2 

12-L" open stub 

reflector. The bandwidth is about the same. 

When to Use the High-Low Combination. — The 
greater gain at high frequency channels makes it 
possible to use the high-low antennas at greater 

distances than previously discussed, types. The 

individual orientation of the two sections indi-
cates its use under conditions when the high fre-
quency stations are in a different direction from 

the low frequency stations. This individual 
orientation also makes it possible to reduce the 

effect of ghosts due to reflections, provided that 

such reflections do not arrive from the same di-
rection as the direct wave from the transmitter. If 

this is the case, there is little, if anything, that 
can be done to remove the ghost, except to tear 

down the building causing the reflection. Fig. 
6-25 shows why such ghosts cannot be elimi-
nated easily. 

We can see from this illustration that if the 

reflecting object is in the same lirection as the 
transmitter, the reflected signal will arrive at the 

receiver at almost the same angle as the direct 
signal. If this is the case, it is improbable that 

any amount of antenna orientation will remove the 
ghost. 
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STACKED A RRA YS 

6-11. In the case of the antennas we have 
been discussing, the average maximum usable 
distance from the transmitter is 30 to possibly 

40 miles, depending upon the terrain and the 
height of both the transmitting and receiving an-
tennas. Beyond this rangegor in areas of weak 
signal due to unusual terrain, an antenna with 

greater gain than normal is needed to supply 

sufficient signal to the receiver. 

This added gain is usually obtained by the 
use of stacked arrays. The term "stacked" 
means simply that the antenna elements are 

mounted one above the ocher. The term "array" 

refers to a combination of antennas or antenna 

elements so arranged that they act in conjunction 
with each other — not independently, as in the 
case of the high-low antenna previously de-

scribed. The elements are so chosen and spaced 
that they reinforce each other for certain fre-

quencies and from certain directions, in the de-
sired manner. 

Stacked Amphenol Antenna. — One of the 
antenna arrays used in installations for fringe 

••••• 

•••• 

area reception is the Stacked AmphenoL This 
antenna gives good results by providing high 
gain, proper bandwidth, and good front-to-back 
ratio on all channels. 

Assembly. — A single unit Amphenol antenna 
is shown in Fig. 6-26 (a) and the double unit 

stacked array is shown in Fig. 6-26 (b). 

Fig. 6-26 (a) 
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Fig. 6-26 ( b) 

Let us examine Fig. 6-26 (a) first. Here we 
can see that the antenna consists of three ele-

ments: ( 1) a short high-channel folded dipole 
about 29 inches in length, in front; ( 2) a longer 

low-channel folded dipole, about 79 inches long, 

and inounted about 14 inches back of the high 
band element; and (3) at the extreme rear, a still 
longer low-channel reflector, about 110 inches in 
length, located about 39 inches behind the low-

channel folded dipole. The stacked array con-
sists of two of these units, one above the other, 

as shown in Fig. 6-26 ( b). In addition,a suitable 

phasing harness is provided to connect the folded 

dipoles together and to a single common trans-
mission line. As far as we are concerned, we 

only use the Amphenol in the stacked form as an 
antenna for fringe areas. 

Directional Response. — In general, the di-

rectional response is somewhat sharper than that 
of the antennas previously discussed. This calls 

for much more critical orientation for best signal. 
The sharpness of the pattern remains about the 
same for all channels. The pattern for Channel 2 

is shown in Fig. 6-27. 

We can easily see from this pattern the sharp-
ness of the directional response and the good 

front-to-back ratio at this channel. The front-to-
back ratio here is a little better than 3 to 1. The 

general shape of the pattern and the front-to-back 

Fig. 6-27 

ratio remains substantially constant on all chan-
nels, although the gain varies somewhat. 

Gain. — The gain is comparable with that of a 
low frequency dipole and reflector with wings and 
high frequency reflector. On the low frequency 

channels, the gain of the Amphenol is about 1.6, 
the same as that of a low frequency dipole with 

reflector. The Amphenol is slightly inferior at 
Channel 5. However, the gain of the Amphenol 

antenna is considerably better on the high fre-
quency channels, as compared with the dipole 
with wings and low and high frequency reflectors. 

The exact amount differs for the various channels 

and a few comparisons are as follows: OnChannel 

7 the gain is a little better than 2. On Channel 11 
the gain is better than 4, and on Channel 13 the 
gain drops again to a little better than 2. This 
increased gain at the high channels is particu-
larly important, because as we mentioned, the 
high channel signals are usually weaker than the 

low channel signals. 

Bandwidth. — The bandwidth at the low chan-
nels is similar to that of the low frequency dipole 

with reflector and wings and high frequency re-
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flector, and is adequate to cover these channels 
properly. At the high channels, the bandwidth is 

superior, the response being much more even, 
thus providing excellent reception at the high 

channels. 

When to Use. — From what we have said, it is 
obvious that the stacked Amphenol has excellent 

response at the high channels. Since these 

channels become weaker at shorter distances from 
the transmitter than the low channels, we can use 

this antenna at somewhat greater distances [rom 
the transmitter than any of the antennas previously 
discussed. The sharp directional pattern should 

be of assistance in reducing the effects of ghosts 
due to building reflections. 

However, if the stations are not all in the 
same general direction, some will not be picked 
up. The two sections cannot be individually 
oriented and another type of antenna, such as the 

high-low combination, is indicated for use under 

such conditions. 

Stacked Telrex. — Another type of stacked 
antenna available is the Telrex antenna. This is 

also a good antenna to use in weak signal areas 
because of its excellent response on both high 

and low bands. 

Assembly. — Fig. 6-28a, front view, and Fig. 

6-28b, top view, of a single conical dipole and 
reflector unit are shown first for clarity. 

Fig. 6-28 ( a) 

/24 o 

Fig. 6-28 ( b) 

From the front view, we can see that instead 
of a single rod, each half of the dipole consist 

of two rods which are joined at the center to form 
a V. The two halves of the dipole are insulated 
from each other (but not the reflectors), and trans-

mission line connections are made at the center, 

as shown. Each rod is about 45 inches long. The 
two halves of the dipole do not run in the same 

vertical plane, but form an angle of about l24°, 

as shown in the top view. The reflector does not 

have such a bend, but is straight across. 

Fig. 6-29 
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The complete stacked array is shown in Fig. 
6-29 on the preceeding page. 

It is seen to consist of two dipoles stacked 

one above the other at a distance of about 43 
inches. Each reflector is located about 51 
inches behind its dipole. A phasing harness 

connects the two dipoles to the transmission line. 

The reflectors are not electrically connected to 
anything. 

Directional Response. — The directional 
pattern of the stacked Telrex is very similar to 
that of the stacked Amphenol, both as to shape 

and front-to-back ratio on most channels. How-

ever, splitting of the directional pattern does 
occur to some extent on the very high channels, 
but this usually is not too serious. The pattern 

for Channel 11 is like this: 

NO* 

300* 

AVS• 

I70• 

He 

s442, 

ter 

IN •-• 
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Fig. 6-30 

You will note that even with the splitting of 
the pattern, the main lobe is still in the forward 
direction and the front-to-back ratio is still better 

than 2 to 1. Thus,the reception is relatively un-
affected. 

Gain. — In general, the gain of the stacked 

Telrex is superior to that of the stacked Am-

phenol. Exceptions to this occur at Channels 2 
and 13. The most noticeable reduction occurs at 
Channel 13, where the gain of the Amphenol is 

nearly twice as good as that of the Telrex. On all 
other channels, the Telrex gain exceeds that of 

the Amphenol by amounts varying from about 1.6 
to over 3. 

Bandwidth. — On the low channels, the band-
width is similar to that of the Amphenol and pro-
vides good coverage. On the high channels, the re-

sponse around Channel 13 falls rather badly and 
we might suspect that if Channel 13 is coming in 
weak at a particular location, this response may 
prove detrimental to reception. Aside from 

Channel 13, however, the bandwidth is sufficient-
ly broad to cover all channels properly. 

When to Use. — In general, the stacked Telrex 
provides superior gain to all other types,except 
for Channel 13. 

In areas where Channel 13 does not transmit, 
this is not a problem, and the Telrex can be used 

at still greater distances than the Amphenol an-
tenna. However, if it is necessary to favor 

Channel 13 over the other high frequency channels, 
then the Amphenol would be preferabLe. 

The Telrex also has the same disadvantage as 

the Amphenol in that the individual sections can-

not be separately oriented, as can the high-low 
antenna. 

I NDOOR ANTENNAS 

6-12. It is not always possible, or even 

desirable, to erect any sort of roof antenna. This 
may be due to difficulty in obtaining the land-
lord's permission. Or it may be desired to set up 
a portable receiver, or a demonstration receiver. 

In such cases, some form of indoor antenna must 
be used. 

Several types are available, including the 
internal antennas now being built into the cabinets 
of most TV receivers. Since this is perhaps the 
simplest type, we shall discuss it first. 
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Built-In Antenna. — Built-in antennas are now 
furnished with many television receivers except 
those with metal cabinets. 

One of the common types of built-in antenna is 
made of a length of parallel wire transmission 
line 70 inches long and connected as a folded 
dipole. The lead-in from the folded dipole will 
consist of a length of twin lead line, either 15 
or 30 inches long. 

1 he different lengths will be used in different 
models, depending upon the mechanical layout 
of the receiver. In receivers using wooden cab-
inets, the part of the antenna with the lead-in 
is tacked on the underside of the top back center 
of the cabinet. When the tacking is done, care 
is taken not to short the two antenna leads. The 
two ends of the antenna are then run along the 
underside to the sides, along the sides and down 
the inside front of the cabinet. A typical in-
stallation is shown here: 

rear of cabinet 

Fig. 6-31 

In the case of receivers using metal cabinets, 

the built-in antenna cannot be installed inside of 
the cabinet due to its shielding effect. In this 

case, the antenna is built into the wooden stands 

made for these sets. An illustration showing the 

installation in the stand is shown in Fig. 6-32. 

As we see in the drawing, the çereer of the 

antenna (folded dipole) is located at the middle 
of the cross brace arm and is marked "A". The 
lead-in follows line A-B-C. One end of the an-

tenna follows the line A-D-E-F, and the other end 
follows line A-G-H-I. The legs are slotted to 
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to roceiver torminats 

Fig. 6-32 

accommodate the line so that it is practically 

invisible from any normal viewing angle. 

When to Use the Internal Antenna.— The built-
in antenna is being installed in receivers on the 

assumption that there may be some locations in 

which it will give satisfactory performance. It 
should be realized that such an antenna is defi-
nitely inferior to all outdoor antennas. As a 
matter of fact, a tag may be attached to the 

lead-in of the built-in antenna which definitely 

states that there is no guaranty that it will 

work. The customer may try it out, and possibly 
shift the set around a bit to improve reception. 
However, if it does not prove satisfactory, an-
other type of antenna must be used. 

V-Type Indoor Antennas. — An indoor an-
tenna more efficient than the built-in type is 
a portable V Antenna, such as the one shown in 
Fig. 6-33. 

You can see that this antenna consists of a 

base upon which are mounted two telescoping 
rods. Each rod consists of three telescoping 

sections, the largest (at the bottom) section be-

ing 7/32 inch in diameter. The length can be 
varied from a minimum of about 26 inches to a 

maximum of about 45 inches. The rods are con-
structed of chrome plated brass. Each rod re-

presents one half of a dipole. 
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Fig. 6-33 

The rods are mounted on a swivel base which 
permits swinging them through all angles from 
vertical to horizontal. 

The base is about 5 inches in diameter and is 
constructed of high gloss Tenite in a chocolate 
marble design. The rod swivels are spring 

(cushion) mounted into the base to reduce the 
possibility of breakage due to pressure of mount-
ing and swiveling. 

The transmission line connects to each rod 

swivel through the bottom of the base where it is 
soldered to the terminals. A 5 foot length of 300 
ohm line is provided with spade terminals to 

connect to the receiver. The line is brought out 
of the base through a slot at one side. 

When to Use. — The V-type antenna may prove 
satisfactory when a roof antenna cannot be 

erected, and when a built-in antenna is not satis-

factory. In strong signal areas, the indoor V 
antenna may provide good reception even though 

an outdoor installation is feasible. Under these 

conditions, the decision between the indoor and 
outdoor antenna must be made in accordance with 

the considerations outlined in Lesson 3. 

The V-type indoor antenna is usually- placed 

on top of the television cabinet where it may be 
rotated, swiveled up and down and lengthened or 
shortened to provide best reception for a given 
channel. 

The lengLh, angle and orientation of the an-
tenna may have to be changed for different 

channels, and a difference of location of a few 
feet may sometimes increase the receiver signal 
appreciably. 

While this antenna is considered to be superior 
to a built-in antenna, it can only work satis-

factorily in areas of relatively high signal 
strengths. It offers practically no immunity to 
ghost reception except by rotation, which might 

at the same time reduce the desired signal to a 
low level. In general, then, while this antenna is 
superior to a built-in type, it is definitely inferior 
to most outdoor types. 

Window Antennas. — Another type of antenna 

sometimes used is one that is not strictly an in-

door antenna, since it is usually mounted outside 
a window. But its principal application is in in-
stallations where a roof or other outdoor instal-

lation is not feasible, so it is included here for 
convenience, under the heading of " Indoor An-
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tennas". One type of window antenna is called 
the Gyro-Tenna. 

Gyro-Tenna. — This is a combination high and 
low frequency antenna which is generally mounted 

on a window frame on the outside of the house. 
A typical installation looks like this: 

Fig. 6-34 

The antenna consists of a low frequency folded 

dipole of variable length, and a high frequency 
dipole, also of variable length. The low frequency 
folded dipole may be telescoped from a minimum 

of about 42 inches to a maximum of 76 inches in 
length. When adjusted to the desired length, the 
telescoping section is locked in place with thumb 
screws. Similarly, the high frequency dipole may 

be varied in length by telescoping, from a mini-
mum of about 19 inches to a maximum of about 32 

inches. 

The best lengths are found by trial and error. 

The antenna is so arranged that it can be swiveled 
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and rotated to practically any conceivable posi-
tion. This assists in getting the best reception 

under limited conditions. 

The assembly is held between the vertical 
members of the window frame by a pressure fit 

obtained by forcing the two outer clamps against 

the vertical members by means of a threaded rod 

and tubing. Rotating the rod by means of a 
key causes the assembly to be varied in length 

from about 31 to 44 inches. This permits the 
mounting of the antenna in most window frames 

found in common use. 

When to Use. — The Gyro-Tenna, while inferior 

to roof installations, is at the same time usually 
more effective than indoor installations. It can 
be used in areas of good signal strength with 
satisfactory results and does offer some possibili-

ty of rejection to ghost reception by proper orien-

tation. Next to an actual roof installation, it is 
probably the best antenna now available. 
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THE ANTENNA INSTALLATION PROBLEM 

7-1. It may seem that we've been jumping 
around a lot in the last few lessons, so perhaps 
it's time we stopped for a look around to see 
where we've been, and where we're going from 

here. In Lessons 3 and 4 we went pretty thorough-

ly into the procedures involved in installing the 

receiver itself. But we know that even the best 
receiver installation won't work very well unless 

we can supply it with that " strong, clean signal" 

we talked about in Lesson 2. That, of course, 

brings in the antenna, with which we are present-

ly concerned. So let's examine just what's in-

volved in the antenna installation. 

First, it is necessary to choose from among 

the several available types, the antenna best 
suited to the conditions we find at a particular 
job. The available types have been described in 
Lesson 6, together with an explanation of their 

electrical characteristics. Just how to use our 
knowledge of these electrical characteristics in 
order to make a sound decision in a particular in-

stallation will be the subject of Lessons 9, 10 
and 11. Then we must decide just where to place 

the antenna, and how to orient it. 

How to Keep the Antenna in Place? — We 

know from Lesson 2 why the antenna, whatever 
its type, must often be placed as high as possi-
ble in order to pick up a stronger and cleaner 

signal. But just how will we keep the antenna 
up there? This is where Lesson 7 — this one — 

comes in. The usual answer is a mast of some 

kind. But the mast must be secured to something 
— a wall, a chimney, or a roof. The antenna must 
be adequately secured to the mast. When we get 

through, the whole assembly must be mechanical-
ly strong enough for the antenna to stay put. And 

the assembly must be secured in such a manner 

that the electrical performance of the antenna is 

not impaired. 

All this requires a considerable assortment of 
antenna accessories — masts, brackets, guy wire, 

wing nuts, turnbuckles, supports and miscellane-

ous hardware. At various points, these acces-

sories must be attached to something solid — 
usually part of the building itself. Building 

materials differ in their properties, and a method 
of attaching a support bracket that works fine on 

a wooden window frame just won't do on a steel 
window frame or a brick wall. 

This brings us to another " considerable as-

sortment" — the tools required for various parts 

of the job. They include various kinds of drills, 
special purpose hammers, pliers, ladders, etc. 

We still have the job of running the trans-

mission line from the antenna to the receiver, and 
securing it so it will stay put and continue to do 

its job. Additional precautions must be taken to 

protect the installation against lightning damage. 
All this involves some more accessories and 

t ools. 

Heed for System. — To keep track of this 

welter of hardware requires a certain amount of 

system. This is necessary from the employer's 

point of view for record-keeping purposes, and 
from the individual employee's point of view to 

make sure he has with him everything needed for 

each installation job. After all, you don't want 
to be stopped in the middle of a job just because 

you find you don't have enough stand-off insu-

lators to finish. 

This lesson, then, will take up the following 

topics: 

(1) Antenna installation accessories, materials and 
hardware. 

(2) Installation tools, and how to use and care for 
them. 

(3) Issuing and checking practice with respect to both 
materials and tools. 

Where We Go From Here. — In Lesson 8 we 
shall apply what we have learned in Lesson 7, 
and consider the assembly of the antenna, and 
the techniques employed in erecting and securing 
the mast or other antenna support, in various 

locations. 

In Lesson 9 we shall start to study the an-
tenna installation as a whole, including how to 
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plan the installation for the most economical job 

consistent with best overall results, under a 
number of commonly encountered sets of condi-
tions. This will involve a lot of judgment. And 

sound judgment requires adequate information. 
But by the time you get to Lesson 9, Lessons 6, 

7 and 8 will have equipped you with most of the 
"thinking materials" — the facts about the elec-
trical properties of various available antennas, 

and the possible solutions to the mechanical 

problems of their installation — that you will need 
to arrive at correct decisions on the job. 

Bear in mind that the materials and methods 

arè given as examples to be applied as best suits 
the individual cirdumstances. Materials and 
methods will change, but the basic idea of plan-

ning your work in advance will remain as a neces-
sary fundamental. 

Now we can go ahead with the meat of this 
lesson. And since the last of the three general 

topics listed above is the simplest, we shall 
dispose of that first. 

GENERAL PRACTICES IN ISSUING 

MATERIALS AND TOOLS 

7-2. Before the installation man or team can 
get to work on the installation job, the material 

for the, job must be checked. Not only is it 

necessary to identify each part and know where 
and how to use it, but it is also necessary to 

keep track of this material in an orderly and 

systematic manner. 

The Installation Truck. — The first item 
needed for an installation team is the installation 
truck. A typical installation truck is usually a 
/I 2 or 3/4 ton panel type like the one shown in 

Fig. 7-1. 

The senior team member (or single member of 
a one-man team), who is responsible for the truck, 

and usually does the driving, must see that the 
truck and everything in it is kept in good order. 

He must make a personal check for any defective 
parts, such as brakes, lights, horn, tires, etc. 

Such checks should be made regularly as a routine 
safety precaution. Any defect can then be found as 
soon as it develops — and repairs made promptly. 
The driver is held responsible for living up to 
all driving regulations and safety precautions. 

Each truck should be equipped with a fire 
extinguisher and a first aid kit. 

The Fire Extinguisher. — The fire extinguisher 

maybe either CO2 (carbon dioxide) or a Pyrene 
vaporizing liquid type. (Neither of these should 

1 IL,. 7-1 
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be confused with the soda-acid type of ex-
tinguisher, which should never be used on elec-
trical fires. For this reason, the soda-acid type 

is not carried in the truck). The first of these 
contains compressed CO2 gas, which expands 

when it is released, smothering the fire. The 
second type contains a liquid which, when heated 
by the fire, gives off a non-inflammable vapor, 

which also smothers the fire. The fire extinguish-

er is for use in case the truck catches fire. Of 

course, if the customer's home catches fire, you'd 
better get your fire extinguisher quick, and use it. 
But get it back to the truck as soon as possible. 

It should always be kept in place in the truck, 

ready for an emergency. It should be checked 
periodically, to be sure that it is in good working 

condition. If you have to use it at all, even if 
there is still some gas or liquid left in it, turn 
it in for a fully charged extinguisher. 

Fig. 7-2 

Safety instructions for the use of this equip-

ment are given briefly as follows: 

Use On: 

Class B Fires — Oil, gasoline, alcohol and other. 
flammabk solvents. 

Class C Fires — Electrical equipment. 

This fire extinguisher is not recommended for deep-
seated fires in wood, rubbish and similar materials 
(Class A Fires), 

//ow to Use: 

1. Hold the fire extinguisher, with the fingers of one 
hand curled under the bottom of the extinguisher, 
near the nozzle. 

2. With the other hand, give the handle a quarter turn 
to unlock it. 

3. Pump the handle and direct the fluid at the base 
of the flame or back toward the source of the burn-
ing material. 

The first aid kit, also, should always be kept 

in the truck ready for an emergency. When any 
items in the kit are used, replacements should be 

made as soon as possible. Two types of kits 
available are the Mine Safety Appliance First 

Aid Kit and the Johnson & Johnson kit. With 
each kit is supplied the list of items and their 
use, pasted inside the cover, to be available 

when it is needed. This list ( for the M.S.A. kit) 
is reproduced in Table A. 

Fig. 7-3 
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TABLE A  

M—S—A FIRST AID KIT 

10 UNITS TYPE D 

DIRECTIONS AND CONTENTS 

For covering large 
wounds or burns 4 IN. COMPRESS BANDAGE 

Cat. No. FA-2152 

For covering small 
wounds, especially 
finger injuries 

2 IN. COMPRESS BANDAGES For covering medium 
Cat. No. FA-2486 size wounds or burns 

ADHESIVE COMPRESSES ( 2) 
Cat. No. FA-2750 

FOILLE for BURNS For treating burns 

Cat. No. FB-12282 

For sterilizing wounds IODINE BRUSHES 
Cat. No. FA-2259 

AMMONIA INHALANTS For treating shock 

Cat. No. FA-2156 or fainting 

For sling or cover 40 IN. TRIANGULAR BANDAGE 

dressing Cat. No. FA-2144 

Tourniquet for checking 
arterial bleeding 

TOURNIQUET AND FORCEPS Forceps for removing 
Cat. No. FA-2146 splinters 

CUTS, WOUNDS: — Sterilize wound by painting with iodine. Cover with compress bandage. 
If bleeding in spurts (arterial bleeding) apply tourniquet between wound and heart at proper 
pressure point. Study pressure points and know how to stop arterial bleeding. 

BURNS: — Apply Foille liberally to burned or injured areas. To facilitate healing,keep 
moist with frequent application. If gauze dressings used, change every 48 to 72 hours. 

SHOCK, FAINTING: — Lay patient flat on ground. Loosen clothing. Rub limbs to stimu-
late circulation. Allow patient to inhale aromatized ammonia vapor from ammonia inhalant. 
If not breathing, give artificial respiration. 

Keep Truck Locked and Neat. — The closed 

panel type truck not only protects material placed 
in it from rain or snow, but it permits the body to 
be locked. It is good practice to keep it locked 

at all times,except when material is being put in 

or taken out. There are many localities where 
this is necessary to discourage petty thievery; at 

all times it is desirable as a general procedure. 

It is important to follow an orderly procedure 

in storing all materials, and to do a continuous 

house-cleaning job to keep the interior of the 
truck in good order at all times. Then you can 
always find what you want without waste of time, 

7-5 

and you will avoid danger of injury to the equip-

ment or to yourself. 

The installation truck should be able to carry 
all materials necessary for television installations. 
Inside, it should be fitted with special cabinets 
or compartments for the storage of installation 
materials or parts, hardware, tools and test equip-
ment. Outside, on the roof, you need carriers for 
long masts and ladders. 

Installation Tools. — While there is some 

variation, depending on the needs of the area, in 
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Fig. 7-4 

general, the following tools are considered 
necessary equipment for the truck: 

1 28 ft. aluminum ladder 

1 Roof hook ladder 

1 Rope ( 75 ft.) 

1 Electric power drill 

4 Carboloy drills, 2 of V2" and 2 of !<'¡'' 

1 '2' wood drill and 1 extension length drill 

1 Rawl drill, sledge and tamping tool 

1 Pair of sound power phones and extension cord 

1 100 ft. line cord 

1 Drop cloth 

1 Polishing cloth 

Plastic wood and roofing tar 

In addition, each man should have a kit of 
small hand tools, such as: pliers (regular, long-

nose and diagonal), screw drivers (large, medium 
and small), open end wrenches (all sizes), solder-
ing iron and flash light. 

All tools issued should be kept in good order. 
Since drills must be kept sharp to do an effective 
job, it is good practice to check your drill often 
enough so that you will be able to have them 
sharpened when necessary. Later in the lesson, 
we will consider each of these tools in detail, 
to discuss its proper use and care. 
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TABLE B 

INSTALLATION MATERIAL LIST 

COMPANY NAME   

TECHNICIAN   
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TRUCK #   

DATE 

Part No. Description Quan. Part No. Description Quan. 

Antenna — Dipole & Reflector 15 Lightning Arrestor 15 

Antenna — Dipole 4 Lightning Arrestor 4 • 

Bracket — Window 3   Transmission Line 2000' 

Bracket — Fl. Roof 1 Heavy Trans. Line ( Ft) 

Support for Bracket 1 Twinex Trans. Line 

Ant. — F.D. Ch. * 2 Kit   RG8U — Co-Ax 

  Ant. — F.D. Ch. *3 Kit Mast — Std. 1 3/ex 12' 2 

Ant. — F.D. Ch. * 4 Kit Mast — Spec. 1 3/eic 12' 

Ant. — F.D. Ch. * 5 Kit Mast — Spec. 1 5/8"x 12' 

Ant. — F.D. Ch. * 7 — * 13 Kit Mast — Spec. 1 7/8"x 12' 

Telrex — 4X—TV Ant. Kit Mast — Spec. 2 1/ex 12' 

Ili Freq. Ant. 15 Mast — Std. 1 3/ex 8' 15 

Harness 15 Mast Bracket Assembly 

  Team Block 15 Rod — Ground 2 

Capacity Loaded Dipole 1 Wire — Ground 200' 

Indoor Antenna 3 Wire — Guy 20' 

Match. Element Ch. * 2 Pipe Straps 20 

 Match. Element Ch. #3 Stand-off 100 

Match. Element Ch. *4 Junction Box for 4 lines 1 

Match. Element Ch. # 5 Junction Box for 3 lines I 

Wings (4) 2 Junction Box for 2 lines 1 

Rods (2) 2 Fuse 2 

D.P.D.T. Switch 1 

Responsibility accewed for above 

Installation Materials. — In order to keep track 
of installation materials, a checklist of commonly 
used materials, such as the one shown in Table B, 
may be used. On this form are recorded the 
materials initially issued to the installation team. 
While this may vary from time to time, or from 
one company to another, according to local con-
ditions, in general enough material should be 
carried in the truck for about 15 installations, 
or sufficient for one week's work. 

Once a week, or more often if necessary, the 

material used may be replenished by turning in a 
material requisition form (Fig. 7-5), properly 

filled out, to show the materials that have been 
used, and to what jobs such use is to be credited. 

You will notice,in these forms, that each item 

is identified not only by a description, but also 
by a number. Such a number system becomes 

very helpful when you deal with a great many items, 

many of which vary only in size or other minor 
respects. It usually is helpful to have a complete 
list of installation materials with a stock number 
for each item. Even the smallest part has a value. 
Operating costs can be kept down by keeping 
track of all materials and avoiding waste. 

Of course, a list of materials is always sub-
ject to additions and to change. The Installation 
Material list and the Material Requisition, al-
though subject to change from time to time, 
serve to illustrate the method of identifying 
and keeping track of installation materials. 

Paper Work. — To the man who earns his 

living by handling tools, paper work is usually 
considered as a nuisance. However, this paper 

work is necessary to keep track of what you are 
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doing, and to enable any company to remain in 

business. The forms set up here for keeping track of 
installation materials have been made as simple 

as possible. Care in filling them out properly 
can save much time and trouble. 

After the initial kit of materials has been 
acquired, it becomes merely a matter of keep-
ing track of additional materials by means of the 

Material Requisition form, shown in Fig. 7-5. 
This is easily done by following the instructions 
on that form. They are: 

Total the quantities of each material used from 
your kit, that you have listed on the job card and 
office copy of your completed contracts, and enter 
the totals in the appropriate lines, using the column 
headed " QTY. USED FROM -KIT". 

2. If the installation supervisor or shop manager hrs 
authorized you to draw additional material as a unit 
of your kit, enter this quantity in the column head-
ed "ADD TO KIT". 

3. If the installation supervisor or shop manager has 
authorized you to return some of the material from 
your kit, enter this quantity,encircled,in the column 
headed "ADD TO KIT", and hand the material to 
the stock clerk with this requisition. 

4. Should you need material for a special job, not 
carried in your kit, enter the quantity in the column 
headed "TEMPORARY CHECK OUT"; but do not 
indicate any job number or customer's last name, 
at this time. If you dó not use this material on the 
job, return it to the stockroom and the stock clerk 
will cross out the charge on the requisition. 

5. If you use the material drawn as a "TEMPORARY 
CHECK OUT", enter the quantity on your current 
requisition, in the column headed "CREDIT FOR 
USE", and show the job number and customer's 
last name. This will offset the charge on the 
requisition. 

6. Each job number (contract number or work order 
number) and the customer's last name used in 
entering the quantities must be listed in the column 
headed " JOB # AND CUSTOMER'S LAST NAME". 
List these numbers and names in the same order in 
which you will hand them to the stock clerk; they do 
not have to be written opposite any particular stock 
usage. 

7. Enter the miscellaneous hardware (that you need 
at the time this requisition is being submitted) in 
the space provided. 

8. Attach this requisition to the, contracts and work 
orders listed hereon and submit to the stock clerk. 

9. Enter mate, ial only on this requisition. Use a 
"Parts and Tube Requisition" for parts or tubes. 

While, like any other company form instruc-

tions, these are subject to change, they illustrate 

the type of instructions necessary for systematic 

and orderly record keeping. 

Fig. 7-5 shows the Material Requisition form 
filled out. The figures indicate the parts that 

must be replaced in the kit as a result of eleven 
antenna installations made during the previous 
working period, one week. Three of the installa-

tions were made with one type of bracket, one 
with another type, and the remaining seven were 

mounts using spacer block and pipe straps held 
by lead anchor bolts. 

Additional brackets and two sets of antenna 
wings are added to the installation kit, while 
three folded dipole high frequency antennas (indi-

cated by the 3 in a circle) are removed from the 

kit. Also,extra material to provide for an instal-

lation with a 33 ft. mast is checked out. 

All major items of hardware are listed. In 
general, it is na required to list smaller items of 

hardware such as washers, nuts, bolts, lag 
screws, etc. These are replenished as required, 

with the installation man keeping a sizable stock 
of these items in his truck. 

By keeping these records always up-to-date, 

the installation man knows what he needs to do 

a satisfactory job; and the stock clerk knows 
what he needs to order so that he will always 
have sufficient materials on hand. And, of course, 

the shop manager knows whether his shop is 
running in the black or red. 

In the forms listed above, all materials check-
ed out to the installation man are recorded. In 

the following sections of this lesson we will ex-
amine these materials in some detail. Since the 
parts that make up the various antennas ( both 
outdoor and indoor) have already been described 

in Lesson 6, we will now concentrate on such 

items as masts, supports, transmission line and 

miscellaneous hardware that the installation man 
requires to do his job. 

ANTENNA MASTS AND ACCESSORIES 

7-3. The first classification of materials that 

we will consider comprises the various types of 

masts used to support the antenna, and the ma-
terials used with it, such as: the supports for the 
masts, guy wires, anchor bolts and screws, and 

other miscellaneous hardware needed to make the 

mast and antenna secure. 

Masts. — Television receiver antenna in-
stallations use masts made of metal tubing. 
These mast sections, of the proper length, 
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MATERIAL REQUISITION 

STOCK 
# DESCRIPTION 

QTY. usED 
FROM KIT 

ADD 
T° KTT 

TEMP. 
CHECK 
CUT 

CREDIT 
Fu( 
USE 

JOB # AND 
CUSTOMER'S 
LAST NAME 

antenna 10 
Je_ antenna / 6 '7 3 

bracket 3 / 6 74/ jaitat•*4-4-

bracket / / 

 hi-freq.  ant. hi-freq. ant. ..Z 0 
wings a_ 6 7 

6 7-7 ,eile-c/. 
brite nix ,000 e. 

 coax  cable coax cable 67e- 1(eieez, 

std. mast e- 61'9— elf;c44.„,.__. 
 • ], 3/Q: spec. / 
  1 5/_8' spec. 1 5/_8' spec. / 6,3 
  1 TA. spec. 1 TA. spec. / 

std. 8, mast q 
 ground  rod ground rod / 6./ f Fe971,27_ 

 ground  wire ground wire /00 le: 
 guy  wire guy wire ,a0,1e 6 

"A4" box 
"C" box 
"D" box 

MISCELLANEOUS HARDWARE 
STOCK# DESCRIPTION QUANTITY 

/1 
STOCK # DESCRIPTION QUANTITY 

-   41,...-1,,i  .,,,,et 41,...-1,,i .,,,,et e_e  .e.,  arvb .e., arvb // 
 _ 6 6 ;;,..... n.A....e. 

6 6 

"Ye- Ae-ati- / ii  "Y e- Ae-ati- 
/  /7  ",.sj /7 ",.sj / 

Date Iseueo Technician's Signature 

Fig. 7-5 

tube size and wall thickness, are both light and 

strong enough to hold the antenna in normally en-
countered storm or icing conditions. The fol-
lowing is a list of sizes of mast sections. 

Part No. Description  

Standard 1-3/8 Dural Tubing 12' length 
Special 1-3/8 Dural Tubing 
Special 1-5/8 Dural Tubing 
Special 1-7/8 Dural Tubing 
Special 2-1/8 Dural Tubing 
Standard 1-3/8 Dural Tubing — 8' length 

Initially, the 12' length of 1-3/8 Dural Tubing 

was used mainly as a "standard" mast. How-
ever, it was found that an 8' length was sufficient 
in many localities, so the shorter item was used. 
More recently, a 4' length was considered sat-
isfactory in certain types of installations. An-
other common type consists of 5' lengths. One 
end of it is crimped to enable it to telescope 
into another to form almost a 10' mast. This 
type of mast has a key and slot arrangement 
to prevent the telescope mast from turning. 

Mast Characteristics. — The material used for 
many masts is tubing made of the non-corrosive 
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aluminum alloy known as Dural, and designated 

commercially as 61ST. The size used in standard 
installations has an outside diameter of 1-3/8". 

It is required to have a tensile strength of 42,000 
pounds per square inch. The 12-ft. lengths have 

a weight per foot of 3.434 pound, and wall thick-

ness of 0.083 inch. The 8-ft. length tubing has 
a wall thickness of 0.965 inch. A 12-ft. section 

is more than strong enough to withstand the 

stress of any wind or storm likely to be en-

countered, provided no more than 10 feet of its 

length is left unsupported. 

For special installations, larger size tubing is 

used as required. These have outside diameters 
of 1-5/8, 1-7/8 and 2-1/8 inches and a wall 
thickness of 0.120 inch. They come in 12-ft. 

sections. 

For masts taller than 12 ft., appropriate 

sections are telescoped one into another. It is 

necessary first to remove all burrs from the ends. 

Since a tight fit is formed, a lubricant and a bit 

of force may be needed to get the smaller tubing 

in to the proper depth. Care is necessary in 

handling this tubing because dents and abrasions 
in the tubing will prevent it from telescoping. 

The 1-3/8" tubing is telescoped into the 

1-5/8" tubing to a depth of two feet; and the 
1-5/8" should go into the 1-7/8" tubing at least 
one foot. For the larger size tubing, the greater 

wall thickness enables sufficient strength at the 
joint to be obtained with the tubes telescoped to 

the lesser depth. These three sections form a 
mast having, a maximum height of 33 feet. Each 

telescoping joint must be bolted at two points, at 

99 degree intervals around the pipe, twelve inches 
apart at the upper joint and six inches apart at 

the lower joint, using 1/4" bolts 2-3/8" long, 
with lockwashers at both ends. The bolt holes 

must be drilled on the job with a power drill at 
the time the mast is assembled. For a 44 ft. 

mast, an additional section of 2-1/8 inch tubing 

is used. 

Because of the additional stress on tall masts, 

due to wind pressure, and the need ro prevent 

swaying of the antenna, masts taller than 12 ft. 

should be guyed. The materials used for this pur-
pose will be considered later in this section. 

Fig. 7-6 

Materials for Supporting the Mast. - The type 

of mount used to support the mast depends on 
where the antenna is to be placed. These mounts 

are designed for use on various types of locations 

encountered in installations, such as: ( 1) flat 
roofs, ( 2) peak roofs, ( 3) chimneys, (4) sides of 

houses, or ( 5) windows. 

Some of the common mounts and materials used 
in supporting the masts are listed below. As 
improved devices are developed, they may re-
place some of these. 

  Bracket and strap for wall or window mounting 

  Peaked roof bracket 

  Standoff Wall Bracket 

  1" x 2" Spacer block for chimney or brick 
wall mounting 

  2" x 2" Spacer block for chimney or brick 
wall mount 

  1 1/2" x 2." Spacer block for chimney or brick 
wall mount 

  1-3/8" Pipe strap for chimney or brick wall 
mount 
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  1 1/4 " Pipe strap for chimney or brick , wall 
mount 

  1 1/2 " Pipe strap for chimney or brick wall 
mount 

  Expansion shield 

  1/4 " x 3" Anchor bolt for chimney or brick wall 
mount 

x 4" Anchor bolt for chimney or brick wall 
mount 

  Lead cone for use with above 

  Lead sleeve for use with above 

Strap for Wall Bracket 

U Bolt for Wall & Peaked Roof Bracket 

Fishplate for Wall & Peaked Roof Bracket 

Bracket for flat roof 
Wood base (weather—proof plywood with 2 
coats of Valspar varnish) 
Bolt for above bracket and wood base 

Chimney strap with corner supports 

(a) Standoff Wall Bracket. — This is one of the 
earliest type mounts used in installations and is 
still used in many cases. The complete unit is 

made up of two brackets and two straps, with the 

mast held in place by two U bolts and fishplates, 

as shown in Fig. 7-7 ( a). The brackets and 
straps are made of 1/8" hot rolled steel, with 

either a hot-dip-galvanized finish or an Indite 

Bright zinc plate. Either the galvanized or zinc 
plate finish is necessary to prevent rusting of 

the steel when exposed to the weather. 

fish plate 

-Li" bolt 

top view detail 

Fig. 7-7-(a) 

Since this unit is made up of separate parts 
which can be put together in a number of different 

ways, it can be used for many different types of 

installations. It provides a clearance of 12" 
from the building wall. By adding perforated ex-

tension arms, a 2 foot clearance of the mast from 
the building can be obtained. 

(b) Peaked Roof Bracket. — This is an im-
proved type of bracket that is particularly well 
adapted for use on peaked roofs. Its principal 
features are: ( 1) an adjustable base structure 
to provide a stable mount for any slope of roof, 
from a flat roof to the steepest that would nor-
mally be encountered, and (2) a mast-raising 
arrangement to facilitate the raising of a tall 
mast. These features are shown in Fig. 7-7 ( b). 
The mast-raising feature is of particular value 
when installing a tall mast on a peaked roof — 
a tough job without such an aid. 

mast —raising fig 

adjustable base 

Fig. 7-7 ( b) 

The mast is held in place with two U bolts 
and fishplates. The mast- raising swivel is re-

moved after the mast has been raised. The pro-

cedure followed will be explained in detail in 

Lesson 8. 

(c) Antenna Base Assembly. — This type of an-
tenna mount, shownin Fig. 7-7 (c), consists of a 

pipe base bracket fastened by bolts to a weather 
proofed plywood base. It is designed for use on 
a flat roof with a mast 12 ft. or higher, which must 

be firmly guyed. This type of base is particularly 
useful where there is danger of breaking the roof 

seal. The base rests on the flat roof without being 
fastened by lag screws or other means. The 10" 

x 10" base covers a wide area so that the mast 
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is held firmly by friction, aided by guy wires, 

without danger of the base slipping. A leveling 
shim made of red cedar or fir, hand dipped with 

two coats of weather proof varnish, can be placed 

underneath the bracket for leveling the mast, if 

the roof has a slight slope. 

wood base 
woolhor proof plywood 

Iwo cooly of vu/spot 

varnish 

to" 

bolls brockol 

Fig. 7-7 ( c) 

(d) Pipe Straps and Spacer Blocks. — This is 
a general purpose type of mount that can be used 

on any vertical surface on which there is no more 
than a 1" or 2" overhang that the mast must 

clear. This is the situation normally encountered 

on chimneys or roof parapets. Two or three pipe 
straps and spacer blocks, usually fastened with 

lead anchor bolts, are used to hold the mast. The 
number required depends on the mast height and 
the quality of the brick or other surface material 

on which the mount is fastened. When fastened in 
brick, as on a chimney, a hole must be drilled in 
the brick to accomodate the lead anchor bolt, 

which is then tamped tightly in place with the 
use of one or more lead sleeves and lead cones. 

The method will be explained in more detail in 

x 6 

imp-4,770,0d 

Fig. 7-7 ( d) 

pipe strop 

f CA. stool hot 
dip galvanized 

side y ow dole/ 

Lesson 8. An alternate method, shown in Figure 
7-7 (d), is to use a lead expansion shield and 

i/4" lag screw. 

(e) Chimney Strap. — Because of the time and 
labor required to install a chimney mount using 

pipe straps and spacer blocks, it is considered 

desirable to use a strap that can be fastened 

around the chimney. Such a device has the addi-

tional advantage of reducing the danger of possi-
ble injury to the chimney. The chimney strap 

must be weather proof, preferably of stainless 
steel construction. It must be adjustable for 

different sizes of chimneys and must fasten easily 
and quickly, if it is to justify the added cost by 

a saving in time and labor. 

stainless stool stropping 

tope 

stye bolt 

Fig. 7-7 (e) 

bracket 

stain less steel 

buckle 

r'kad, 
aluminum edge 

protectors 

A strap approved for use on chimney instal-
lations is shown in Fig. 7-7 (e). This type of 
mount is made up of a bracket with ten feet 
of stainless steel strapping, a stainless steel 
eyebolt with nut and lock washer, and a stain-
less steel buckle attached. Three aluminum 
edge protectors are slipped over the strapping, 
spaced to fit over three corners of the chimney, 
with the bracket fitting over the fourth corner. 
The corner protectors not only distribute the 

pressure on the chimney, but also serve to mini-
mize the sharp bending of the strap at the corners. 

The method of installing this chimney strap is 

explained in detail in Lesson 8. 

Guy Wire and Accessories. — All masts taller 

than 12 ft.should be guyed to obtain a safe, rugged 

installation and to prevent vibration in a strong 
wind or storm. In addition to the wire itself, 
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special hardware is needed to hold the wire to 
the mast and to the roof or other supporting 

structure, and to adjust the wire to the proper 

tension — or, rather, the proper degree of slack. 

The following are some of the materials that 
may be used in guying a mast: 

Part No. Description 

Galvanized guy wire 

Thimble 

1/8" Cable clamp 

1/4" x 2-1/8" Turnbuckle 

5/6" x 2-5/8" Turnbuckle 

1/4" x 3" Lag screw 

1/4" x 4" Lag screw 

Expansion shield 

1-3/8" Guy ring 

1-5/8" Guy ring 

1-7/8" Guy ring 

The guy wire often used is a 42-strand wire 

rope made up of 7 woven ropes of 6 strands each, 
on a rope core. It has a tensile strength of 600 

lbs. 

At the mast, the guy wire is held b-y means of 

a guy ring which slides over the, upper section of 
the mast and rests on the lower section of a tele-

scoping joint. The guy ring is made of 1/8" 

rolled steel which has been hot-dip-galvanized to 

make it weather resistant. The guy ring must be 
able to turn freely on the mast. Six holes are 

punched in the ring so that as many wires as may 
be considered necessary, usually three or four, 
may be equally spaced and fastened around the 

ring. 

thimble 

end seized 

cable clomp 

3 or 4 wire quy ring 

soiled 

Figure 7-8 shows where the various acces-
sories are used in making the guy wire secure. 

Thimbles are used on the guy ring and the turn-
buckle, where the wire is bent. This prevents 

fraying or breaking of the wire at these points 
where the greatest bending occurs. The cable 
clamps hold the wires together where they are 

bent back, just below the thimbles, to from a 
tight bond with no slippage. The guy hook, for 
anchoring the turnbuckle, may either be screwed 

directly into a wooden structure or into a lead 
expansion shield installed in brick or concrete. 

The turnbuckle, used to tighten the guy wire to 
the proper degree of tension or slack, is made 
up of three parts: an aluminum body, and two 
cadmium plated steel eyes, screwed into the 
the body. As the body is turned, the screw eyes 

may be brought closer together to take up slack 

in the guy wire; if turned in the opposite direc-
tion,the screw eyes will be moved further apart 

to slacken the wire: Guying methods and pro-
cedures will be explained fully in Lesson 8. 

Ground Wires and Rods. — For protection, 
in the improbable event that the mast is struck 
by lightning, the mast must be adequately ground-

ed. The materials required for this purpose are: 

Part No. Description  

Ground rod 

Ground strap (clamp) 

Aluminum ground wire 

turnbuckle 

guy hook 

lead expansion shield 

Fig. 7-8 
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(a) Ground wire 

(b) Ground strap 

Fig. 7-9 

While #6 aluminum ground wire has often 
been used for grounding the mast, this wire 
provides a factor of safety greater than has been 
proved necessary in practice. Since the use of a 
smaller size, # 12 wire, has been approved in the 
National Fire Underwriters Code, this size is 

now considered satisfactory for most installations. 

The ground strap is made of stainless steel. 
It can be used either for grounding the aluminum 

ground wire or attaching the lightning arrestor to 
a water pipe. 

Where a water pipe is not readily available 
for a ground, a satisfactory ground can be ob-

tained by using a ground rod driven directly into 
the earth. This is a 4 ft. length of 3/8" steel 
rod, copper plated, with a screw attachment at 
the upper end, to which the ground wire can be 
connected. In some localities, local ordinances 
require that longer rods be used. These should 
be available in case they are needed for a parti-
cular installation. 

TRANSMISSION LINES AND ACCESSORIES 

7-4. Now that we have checked the various 
items that are used to mount, support and ground 
the mast, the next classification of materials to 
be checked off comprises the types of trans-
mission lines and the accessories that go with 
them. 

Properties of Transmission Lines. — You will 
recall that in Lesson 2 we referred to the basic 

characteristics of a transmission line. Essential-
ly, a transmission line is a system of electrical 
conductors with uniformly distributed character-

istics, designed to convey electrical energy from 
one place to another with as little loss and dis-
tortion as is practicable. To compare types of 

transmission line, therefore, we express the uni-
formly distributed characteristics in terms of the 
number of ohms of characteristic impedance; and 
the degree of loss in the line as the number of 

decibels (db) of attenuation per 100 ft. of line, at 
some particular frequency. These are comparative 
values with which we can choose the particular 
line needed for an installation. Later in the 
course, we will go into the explanation of why a 
transmission line behaves as it does. 

Although the amount of loss or attenuation in 
a transmission line is usually expressed in 
decibels (db), it is well to remember that this 
loss can also be expressed as a percentage of 

the input voltage. For example, a line that has 
a loss of 3 db at a particular frequency, delivers 
an output voltage of .708 of the input voltage, 
corresponding to a loss of 29.2 percent. 

As stated in Lesson 2, the characteristic im-

pedance of a transmission line tells us whether 

the line will match the input impedance of a 
receiver. This impedance match is one of the 
conditions necessary for delivering the best 

signal from the antenna to the receiver. Character-
istic impedance is a property of each particular 
type of line, like the spacing between its con-
ductors. It does not depend on the length of the 
line. The degree of attenuation, or loss of signal, 

in decibels per 100 feet, is likewise a property 
of the type of line. But the total amount of at-



Transmission Lines and Accessories 
7-15 

tenuation does depend on the length of line. 

Thus, 200 ft. of line will cause twice as many 

db of attenuation as 100 ft. of the same line. 

Five types of line commonly used for instal-
lation work are shown in Fig. 7-10. They are: 

Part No. Description 

Parallel wire transmission line 

Parallel wire heavy transmission line 

Twinex transmission line 

RG59U Co-axial transmission line 

Tubular Amphenol transmission line 

PARALLEL LINE 

300 çl 

1=11111111:1"1 
PARALLEL LINE 

300 S2 heavy duty 

• 

-*tee- ,k}k, • • 

ANACONDA ATV - 225 

225 n TWINEX 

111111111»11111 4,tigatab 

RG59/11 COAX 

73 S-2 

AMPHENOL TUBULAR TWIN LEAD 300 n 

Fig. 7-10 

(1) Parallel Wire Transmission Line. — 

This is by far the most commonly used type of 

transmission line. It is made up of two parallel 
conductors imbedded in a strip of semi-flexible 

solid dielectric material, polyethylene, which 
holds the conductors at a correct and uniform 

distance apart. The conductors are copper wires, 

stranded to give reasonable flexibility. 

This type of transmission line will be re-
ferred to as either parallel wire line or twin 
lead throughout the Course. 

Typical parallel wire transmission line has 
a characteristic impedance of 300 ohms, an at-
tenuation of about 1.2 db per 100 ft. at 100 mc., 
and a breaking strength of about 200 lbs. The char-
acteristic impedance of 300 ohms matches the input 

impedance of most television receivers. The at-
tenuation of the signal per 100 ft. of line will be 

somewhat less for frequencies lower than 100 mc. 

and somewhat greater for frequencies greater than 

100 mc.; but, for comparison purposes, the value 
given for 100 mc. is sufficient. The value of 1.2 

db per 100 ft. of transmission line ( which means, 

for that length of line, 0.87 of the signal voltage 
available at the antenna is delivered to the re-
ceiver terminals) represents a much lower signal 
loss than can be obtained by the use of shielded 

lines, such as co-axial or Twinex. 

(2) Heavy Duty Parallel Wire Line. — This 
line uses slightly heavier conductors, and there-
fore requires a greater spacing between con-
ductors. With a greater thickness of dielectric 
material, it forms a much more rugged line. In 

addition, the normally transparent polyethylene 
dielectric is colored dark brown by the addition 

of an anti-oxidizing agent in the form of a dye, to 
prevent deterioration by the oxygen in the air and 

by the action of the ultra-violet light of sunlight. 

Having proved its value by prolonging the life of 
the transmission line, the brown colored polye-

thylene is now replacing the transparent dielec-

tric, even in the regular parallel wire line. 

The electrical characteristics of the heavy or 
deluxe transmission line are very little different 
from those of the regular parallel wire line, 
but the increased ruggedness makes it useful in 

installations where greater mechanical strength 
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and resistance to wear are essential. Of course, 
the cost is much higher. 

(3) RG59U Co-axial Transmission Line. — 

While the parallel wire transmission line is 
satisfactory for most installations, there are 

cases in which-local interference conditions are 
such that some form of shielded transmission 

line must be used. The co-axial type of trans-
mission line consists of an inner conductor com-

pletely surrounded by an outer conductor, the two 

being separated and maintained at a uniform 

spacing by a polyethylene dielectric material. 

The inner conductor is either stranded or solid 
copper wire, usually tinned or silver plated. A 

vinylite jacket moulded on over the braid provides 

protection against wear and weather. Co-axial 

line is heavier and more rugged than parallel 
wire line, but the signal loss in the line is 

much greater and, of course, the cost is much 
higher. 

Co-axial transmission line is made in a number 
of sizes. The RG59U line has an overall diameter 

of 0.242 inches. Its electrical characteristics, in 

terms that can be compared to the parallel wire 

line, are: a characteristic impedance of 73 ohms 
and an attenuation of 3.7 db per 100 ft. at 100 mc. 

An attenuation of 3.7 db means that 0.653 of the 
available signal voltage is delivered at the end of 

a 100 ft. line, or 0.347 of the signal voltage is 
lost. Incidentally, although a line 300 ft. long 
would introduce a loss of three times 3.7 db, or 

11.1 db, this does not mean that we would lose 
three times 0.347 or 1.041 times the signal at 

the antenna! It means that in each 100 ft. length, 
we would lose 0.347 of the signal delivered to 

that length. Thus, the fraction of signal remaining 

at the end of the third 100 ft. length would be 

0.653 x 0.653 x 0.653 or 0.278 of the, antenna 

signal, and the total loss would be 0.722. 

It is common practice to refer to the co-axial 
line as 72 ohm, 73 ohm or 75 ohm line because 

there are slight differences between different 

manufacturers. In any case, the characteristic im-
pedance of the co-axial line must be matched to 

a 300 ohm receiver input, using a matching trans-

former (to be discussed later), or changing the 
antenna terminal connections on the receiver. 

(4) Twinex Transmission Line. — Twinex is 

another form of shielded transmission line. In 

this case, two separate conductors are contained 
within the outer shield. The dielectric is polye-

thylene and air. Since the polyethylene is in the 

form of small hollow tubes which could become 
filled with water, it is necessary to seal the 

ends of the Twinex so that water cannot get into 

the line. The losses in this type of line are 
somewhat greater than for a comparable co-axial 

line, and the cost is slightly higher. But there 

are certain advantages. 

One reason for using the Twinex line in pre-

ference to co-axial is the fact that its charac-

teristic impedance (225 ohms) forms a much 

closer match to the input impedance of all 
receivers. Unlike the co-axial transmission 
line, Twinex requires no special matching 

methods. 

Another advantage of Twinex over co-axial 

line results from the fact that the Twinex is a 
balanced line while the co-axial line is un-

balanced. In the case of the co-axial line, the 
grounded outer conductor is a part of the line 
which carried the signal. In the Twinex line, 

the signal is carried by the two inner conductors, 

while the outer braid serves merely as a shield. 
Twinex, therefore, provides a balanced line 
which requires no special connections to the 
antenna or receiver input terminals. These 

advantages, in many cases, are considered 
sufficient to offset the slightly greater losses 

and higher cost over co-axial line, in locations 
where local interference is encountered. 

There is no point is using either form of 

shielded line in interference-free locations 

where the regular parallel wire line is entirely 
satisfactory. This line has much lower signal 

loss, is much easier to install, and is cheaper 

to use. 

(5) Other Types of Transmission Line. — 
New developments in transmission lines should 
be constantly checked for possible improvements. 
A type recently approved for special use is a 

parallel two wire line which has the conductors im-

bedded diametrically opposite each other in the wall 

of a round polyethylene tube. This line matches 

the standard 300 ohm input impedance of all 
receivers, and has lower losses than the regular 

parallel wire line, since there is less solid di-
electric in the intense part of the electric field 

directly between the two conductors. However, 
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what makes this line of particular value, is its 
property of being less subject to change of its 

electrical characteristics when exposed to the 
weather than are other types of two-wire line. 

With regular parallel wire line, trouble is 

frequently encountered in salt water locations or 

under conditions of extremely wet weather, when 

the resulting increased conductivity between the 
parallel wires changes the electrical character-
istics of the line and increases the signal losses 

— sometimes to the extent of losing the picture. 

With the tubular type of dielectric, moisture is 
kept out of the space directly between the wires. 
Thus, even though the outer surface may be wet, 
losses are kept to a minimum. This tubular type 
two-wire transmission line has been approved as 
a special installation in salt water or excessively 
moist locations. Of course, it is necessary to 

seal the ends of the line to prevent moisture from 

getting in. 

Transmission Line Accessories. — In order to 

connect and support the transmission line pro-
perly, a considerable assortment of accessories 

is needed. Much of this material comes under 
the classification of miscellaneous hardware. 

However, all of these materials, even the smallest 

terminal lug and the fibre-headed tack, must be 

available at the right time and the right place 

when an installation job is to be done. 

Part No. Description 

Materials for Connecting the Transmission Line 

Antenna terminal lug 

Receiver spade lug 

Arrestor terminal lug 

Junction box for 4 lines 

Junction box for 3 lines 

Junction box for 2 lines 

miatching transformer 

Materials for Supporting the Transmission Line 

Grommet 

Fibre-headed tack 

Rubber stopper 

3" wood stand-off 

3" machine stand-off 

7" wood stand-off 

The transmission line accessories are listed 
in Table C. 

In Figs. 7-11 to7-15, a photo or sketch of each 
part has been included so that you may become 

familiar with what each part looks like. It is 
helpful to sort out this material into such classi-

fications as: (1) materials for connecting the 
transmission line; ( 2) materials for supporting 

the transmission line; and (3) materials for pro-

tecting the transmission line. These groups will 
be examined in that order. 

Materials for Connecting the Transmission 
Line. — There are three types of materials used 
to connect the transmission line. These are 

terminal lugs, junction boxes and matching trans-
formers. 

(1) Terminal Lugs. — Since we are dealing 

with very high frequencies, it is important that 

good electrical connection be made between the 
transmission line and the antenna, and between 
the line and the receiver. At these frequencies, 

a poor connection will result in excessive signal 

losses. The lugs used in most transmission line 

installations are a type which, when properly in-

stalled, provide a good electrical connection 
without the necessity for soldering. These lugs 

are of the ring or spade type. A hook-on type is 

TABLE C  

Part No. Description  

Materials for Supporting the Transmission Line (cont'd) 

7" machine stand-off 

Rawl plug 

Wire stand-off for 1-7/8" mast 

Wire stand-off for 1-5/8" mast 

Wire stand-off for 1-3/8" mast 

Locking clamp for wire stand-off 

Materials for Protecting the Transmission Line 

Lightning arrestor 

Lightning arrestor 

Vinylite tubing 

3/8" loom 

Friction tape 1/2 " - lb. roll 

Rubber tape 1/2 " - lb. roll 

Electric vinyl tape 
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(a) Antenna terminal lug 

(b) Receiver spade lug 

(c) Arrestor terminal lug 

Fig. 7-11 

being considered to replace the above types. The 

method of assembling these lugs, and their con-

nection to the antenna, the receiver and the 
lightning arrestor will be explained in detailin 

Lesson 8. 

(2) Junction Boxes. —In special installations, 

two or more antennas are sometimes installed to 

obtain better interference-free or ghost-free re-

ception of particular stations. This requires the 
use of a junction box to which the transmission 

line from each of these antennas can be con-
nected. A switch, or switches, at the junction 
box enables the desired antenna to be connected 
to the input terminals of the receiver.Three types 

of junction boxes are: 

(a) Junction box for four separate lines. 
(b) Junction box for three separate lines. 
(c) Junction box for two separate lines. 

(3) Matching Transformers. — Where the use 

of a co-axial transmission line is necessary, 
matching transformers are needed to match 

the 73 ohms of the line to the 300 ohm input 
at the receiver, and to the antenna. The matching 

transformer shown in (d) of Fig. 7-12 may be 

used for both the antenna and receiver con-

nections. 

The use of additional items in the line re-
sults in additional loss. For example, by adding 

two such transformers (one ai the antenna and the 

other at the receiver end) there is an insertion 
loss of 1 db,or a voltage ratio of output/input of 
0.9. This, of course, is in addition to the loss 

in the co-axial line, which we have previously 

stated to be 3 db per 100 ft. at 100 mc., or a 

voltage ratio of output/input of 0.708. To allow 
for such high losses in the line, ir is necessary 

that a sufficiently high signal intensity be avail-

able at the antenna. 

(a) 4-line junction box 
(b) 3-line junction box 

(c) 2-line junction box 
(d) matching transformer 

(outdoor) 

Fig. 7-12 

Materials for Supporting the Transmission 
Line. — The materials used to support the trans-
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mission line may be divided into those used to 

support the line: ( 1) on the mast, (2) outdoors on 

the building, and (3) indoors. 

(1) On the Mast. — Outdoors, both on the mast 

and on the building wall, it is considered ad-
visable to keep the transmission line several 

inches away from any surface. This prevents un-

balancing the line, and the resulting increased 

pickup of unwanted signal and noise. It also pre-
vents excessive losses in wet weather. This re-
quires the use of stand-off insulators. The insu-

lating unit consists of a stand-off wire, bent in a 

circle at one end (with the opening containing a 
rubber grommet, through which the line can be 
passed) with some means for attaching to a mast 
or wall at the other. 

The wire stand-off shown in Fig. 7-13a, is es-
pecially designed for use on the mast. It can 

easily be slipped onto the mast, and then tighten-
ed in place by crimping together, with pliers, the 

(a) Fibre-headed tack 

(b) 7" wood stand-off 

(c) 7" nail-it stand-off 

(d) 3" wood stand-off 

grommet loop 

press clamping ring 
together with pliers 
to lock standoff 
in position 

Fig. 7-13(a) 

small locking clamp provided. The transmission 
line is effectively insulated from the wire stand-
off by means of a rubber grommet. This can be 
seen in Fig. 7-13b. The grommet fits into the 
circular outer end of the stand-off, and the trans-
mission line is drawnthrough it. After the line has 
been inserted in the stand-off and grommet, a 
rubber stopper is inserted in the grommet hole 

(e) wire stand-off, 

locking clamp, 

rubber grommet and stopper 

(0 3" machine stand-off 

Fig. 7-13(b) 
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to hold the transmission line tightly in place. 
For a line held by several stand-offs, it is general 

practice to use only two stoppers, one at the top 
stand-off and the other at the bottom stand-off of 

a particular section of line. For example, on the 
mast where three or more stand-offs are used, 

stoppers are used only on the top and bottom 

stand-offs. Three sizes of wire stand-offs are 
available, to allow for different sizes of mast 

sections: one of these is for use with 1-7/8" 
mast section; another for 1-5/8" mast section; 
and still another for 1-3/8" mast section. The 
locking clamp comes with the stand-off. 

Prior to the introduction of the wire stand-off, 

other types were used on the mast. One was a 

simple machine stand-off for which a hole had to 

be drilled in the mast. The other was a similar 

machine stand-off screwed into a ground clamp 
attached to the mast. Both of these types are 

now considered obsolete. They work well, but 
are either more expensive or take more time to 

install than the approved wire stand-off type. 

(2) Outdoors on the Building Wall. — The type 

of stand-off required to hold the transmission line 

in the run along the building wall depends upon 

the material of which the wall is constructed. On 

brick or stucco walls, Rawl plugs are needed. 

A Rawl plug is simply a small plug made of 

fibrous material, with a small hole through its 
center axis. To use it, a hole is drilled into the 
mortar, stucco or brick with a star drill, and the 

Rawl plug is driven into the hole. A wood or ma-
chine screw can then be screwed into the Rawl 

plug. This type of anchor is firm enough to hold a 
transmission line stand-off, but will not hold any 

line or cable under tension. 

(3) Indoors. — Inside the building, it is not 
usually necessary to use stand-off insulators. 

The line is held in place by means of special 

plastic-headed tacks, shown in Fig. 7-13b, driven 

into the insulation between the two conductors. 
Staples or metal-headed tacks should not be used 

for this purpose. The use of metal-headed tacks 
or staples could change the characteristics of 

the line and introduce losses that could seriously 
affect picture reception. 

It is important to note the following exception 
to the above procedure. In fringe areas, where 
the installation man is trying to get all the signal 

possible, it is unwise to make a long run of trans-
mission line by tacking directly to wood or any 

other material. In some locations, the absorption 
of signal is sufficient to make the difference be-
tweenan acceptable or unacceptable installation. 

Materials for Protecting the Transmission 

Line. — The materials used to protect the trans-
mission line may be divided into three classes; 
those used to protect the line from: ( 1) wear or 

abrasion, ( 2) weather or excessive moisture, and 

(3) lightning. 

(1) Wear or Abrasion. — Where rhe transmission 
line goes over a corner or cornice, enters the 

building, or passes any point where wear or ab-

rasion could occur, it is necessary to cover the 
line at that point with some protective material. 

Usually, a sufficient length of 3/8" loom, or 
a length of vinylite tubing, shown in Fig. 7-14, 

is cut and slipped over the transmission line, to 
caver the exposed part. To prevent the protective 

covering from slipping, the ends are usually 
taped in place with suitable tape. The ends should 
not be sealed however - particularly the lower end. 
Three types of tape are available: friction tape, 
rubber tape and Electric Vinyl tape. The latter two 
are used in locations exposed to weather or 
moisture. 

(2) Weather or Excessive Moisture. — Since 
exposed electrical connections tend to corrode 
after a period of time and develop high resistance 

joints with resultant signal loss, it is desirable 
to protect antenna-transmission line connections 

with water-resistant covering. Rubber tape or 

Electric Vinyl tape serves well for this purpose. 

In salt water locations, where spray may cause 

salt deposits on the line, the entire line may 

need to be protected. In such cases, either a 
special transmission line, such as the tubular 

line, is needed, or else the entire line must be 

covered by a suitable material. Vinylite tubing 
can be used for this purpose. More about this in 

Sec. 7-5. 

(3) Lightning. — Out in the suburbs and open 
country, any structure higher than its immediate 
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d 

(a) Vinylite tubing ( c) Friction tape lb. roll 
(e) Electrical Vinyl tape 

(b) 3/8" loom (d) Rubber tape V2" lb. roll 

Fig. 7-14 

surroundings is likely to be struck by lightning. 
In the city, an antenna on a roof top is much less 

likely to be struck, because there are usually 
higher structures in the immediate neighborhood 
that tend to shield it from the lightning stroke. 
Nevertheless, both in the suburbs and the city, 

lightning arrestors must be installed on all tele-
vision transmission lines. 

With the standard 300 ohm parallel wire line, 

the danger is not so much from a direct stroke 

reaching the antenna, but from dangerous static 
charges being built up on the line as the result 

of electrical disturbances from nearby storms, 

rain or snow. In addition to providing the light-

ning arrestor, there are other specifications of 

the National Board of Fire Underwriters that must 
be met for adequate lightning protection — but 
more about that in Lesson 8. 

(Strictly speaking, the lightning arrestor pro-
tects the receiver rather than the transmission 

line, but since it is installed along with the line, 
it is convenient, for the purposes of this lesson, 
to classify it with the other protective materials.) 

TRANSMISSION 
LINE 

Fig. 7-15 ( a) 

WA SHE 

TYPE - 2011X1 
LIGHTNING 
ARRESTER 

CASEMENT 
INLET 

STRAP 
BOLT 

HOLE 
THROUGH 
FLOOR 
TO SET 

WATER 
I PIPE 

TRANSMISSION 
LINE 

There are two types of lightning arrestors 
approved for use. The preferred type is the 
206X1 lightning arrestor. This is a molded cy-
lindrical unit, with ground strap attached, and 
a screw type cap that permits the 300 ohm trans-
mission line to be attached without cutting, 
soldering or connecting lugs. The unit is de-
signed to match the impedance of the 300 ohm 
transmission line, and can be used with any flat 
ribbon line with a spacing between conductors 
of 0.300" plus or minus 0.015". This arrestor 
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has been approved by the National Board of 
Fire Underwriters only when used indoors. 

The other type lightning arrestor is the older, 
general purpose type shown in (a) of the figure 
below. When using this type, it is necessary 
to cut the transmission line, ,onnect arrestor 
lugs and connect to the arrestor. While this 
arrestor is more rugged in construction than 
the newer type, it is rapidly being replaced. 
In Lesson 8 we will consider in detail the 
methods of installations of both types of ar-

restors. 

Fig. 7-15 ( b) 

SPECIAL MATERIAL PROBLEMS 

7-5. Since antennas and transmission lines 
must be installed outdoors where they are ex-

posed to the weather, certain precautions are 

necessary to prevent breakdown. The installa-

tion, of course, must be moisture-proof if it is to 

work properly when it is raining. The heating and 
and oxidizing effect of continued exposure to 
bright sunlight must be considered, particularly 

as it affects the insulation on transmission lines 
(polyethylene). But, of greater importance, is 
the danger of electrolytic deterioration of ma-

terials in areas where salt water or corrosive 

gases are present in the atmosphere. 

Electrolytic Deterioration. — When two differ-
ent metals are in contact and are exposed to 

moisture, we have a condition similar to that of 

a galvanic cell, and tiny electrical currents are 

generated at the points of contact. When this 
condition occurs in a salt water area or where 

sulphurous or other chimney stack gases are pre-
sent, these chemicals ( added to the water) form 

an electrolyte, and the action is speeded up con-

siderably. In this process,one of the two metals 
is rapidly eaten away by the electrolytic action. 

The action occurs only when two dissimilar 

metals, widely separated in the electro-chemical 

series, are used. Metals have the chemical pro-
perty of developing an electro-potential when in 

contact with water; some show a positive po-

tential and others negative, with each developing 

a characteristic value with respect to the water 
or electrolyte. When the metals are listed to form 

an electromotive series, we find the light metals, 

such as aluminum and magnesium, high up on the 

list as electro-positive metals, with the heavier 
metals, copper, silver and gold, at the other end. 

Since aluminum is so high up on the electro-

motive series, we must be very careful of the 
metals we use in contact with it. As illustrations 

of the severity of the galvanic action that can re-
sult, there are cases in which brass bolts passing 
through an aluminum material have had their 

threads totally eaten away within a very short 

time. 

The amount of corrosion depends on the length 
of time the junction is wet with condensed 

moisture, and the degree to which salt or other 
contaminating chemicals are present. Under 

normal home conditions, such action is very slight 
and can be neglected, except in the cellar, where 
there may be an appreciable amount of moisture. 
But outdoors it becomes an entirely different 

matter. Rain and moisture are encountered in 

practically all localities. In semi-tropical areas, 
Florida for example, extremely heavy and frequent 
moisture condensation is likely to occur. Higher 

temperatures have the effect of increasing the 

rate of corrosion. In salt water areas, the high 
moisture content in the air and the salt spray 

combine to produce a condition that is ideal for 

causing electrolytic deterioration. 

Table D lists common metals in the order of 
their tendency to corrode in sea water, and the 
contacting metals which are known to influence 
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TABLE D 

INFLUENCE OF CONTACTING METALS ON THE CORROSION RATE 

List of Metals & Alloys 
in Order of their 

Tendency to Corrode 

Magnesium Alloys 

Zinc 

Aluminum Alloys 
(Except Durais) 

Cadmium 

Dural ( 17ST and 24ST) 

Steel or Iron 

13% Chrome Stainless 
(See Note 1) 

Solder ( Tin- lead) 

18-8 Stainless Steel 
(See Note 1) 

Lead 

Tin 

Nickel 

Yellow Brass 

Red Brass 

Phosphor Bronze 

Copper 

Beryllium Copper 

Bronze 

Monel and " R" Monel 

Silver Solder 

Silver 

Gold 

(a) 

Metals causing 
protective, neutral 

or slight 
accelerating action 

Other Magnesium 
Alloys 

Aluminum, Cadmium 

Zinc to Dural 

Zinc to 13% Chrome 

Zinc to Cadmium 

Zinc to Stainless 

Zinc to Stainless 

Steel to Nickel 

See Note 1 

Aluminum to Tin 

Lead, Solder 

Zinc to Brass 

See Note 2 

See Note 2 

See Note 2 

Aluminum, Steel, Lead 

See Note 

See Note 

See Note 

See Note 

See Note 

2 

2 

2 

3 

3 

See Note 4 

the corrosion rate. In general,we must be parti-

cularly careful of the metals we put in contact 

with those at the upper part of the list, from mag-
nesium to steel inclusive, since these metals 
have high corrosion rates under salt water ( marine) 
conditions. Coatings of zinc and cadmium are 

often used to protect steel or other metals by 

"sacrificial" corrosion; the protective coating 

has to be of sufficient thickness for the use in-

tended, and for the time that such protection is 

required. 

(b) 

Metals causing only 
a moderate 

accelerating action 

Steel to Nickel 

Steel to Nickel 

Solder to Nickel 

Steel 

Lead, tin, nickel 

See Note 1 

See Note 1 

Copper, Zinc 

Copper, Iron, Nickel 

Brass to Silver Solder 

Nickel, Tin 

(c) 

Metals which may 
cause a serious 

accelerating action 

Aluminum to Gold 

Yellow Brass to Gold 

Yellow Brass to Gold 

Yellow Brass to Gold 

Lead to Gold 

Yellow Brass to Gold 
(Usually) 

See Note 1 

Silver or Gold may be 
serious 

In Table D, the first column gives the common 
metals in the order of their tendency to corrode 

in sea water. Column (a) lists metals which may 
be safely placed in contact with each of those 
listed in the first column. Column (b) lists con-

tacting metals which are less safe, but usable, 
except under outdoor marine conditions. Column 

(c) lists contacting metals that are unsafe. 

Note 1: Stainless steel has the position listed when 
installed in shore areas or where there are 
contaminating gases. In inland residential 
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areas, stainless steel has a position (in the 
electromotive series) below Monel metal. 

Note 2: Yellow brass and metals below it are unlikely 
to suffer much by contact with other metals, 
with the possible exception of silver and gold, 
under severe conditions. 

Note 3: Corrosion of silver and silver solder may be 
slightly accelerated by gold, under severe 
c onditions. 

Note 4: Galvanic corrosion of gold is extremely un-
likely, even under severe conditions. 

Examination of Table D shows that it would 

be extremely unwise to have antenna elements, 
masts or hardware made of aluminum alloys, in 

contact with brass or any other metal lower in 
the list. In antenna installations, in fact in any 

application subject to moisture conditions, con-
tact of such dissimilar metals must be avoided; 
or else special protective measures must be taken 
(for example, having the metal coated with cadmi-

ium or zinc). 

Contact which can result in electrolytic deteri-

oration is most likely to occur where hardware, 
such as lockwashers and nuts, is used outdoors 

on bolts or antenna elements. Where the bolts or 

antenna elements are made of aluminum, it is im-
portant to use washers and nuts of the same 

material. Such items of hardware, available for 

use on antenna installations, are: 

Part No. Description  

Bronze lockwasher 

Brass flat washer 

Brass hexagonal nut 

Stainless steel lockwasher 

Aluminum flat washer 

Aluminum hexagonal nut 

2'" aluminum bolt 

21/2" aluminum bolt 

2-3/4" aluminum bolt 

Galvanized washer 

11/í" brass screw 

Salt Water Hazard. — In salt water locations, 

in addition to the hazard of electrolytic deteri-
oration, there is the problem of salt depositing 

on the transmission line and causing serious line 
losses. To correct this condition,a special trans-

mission line installation is necessary. 

There are two approved methods for handling 
the problem: ( 1) the use of the tubular parallel 

wire transmission line, discussed in Section 7-4; 
and (2) covering the regular transmission line 

over its entire length with a special flexible 
Vinylite tubing. 

The tubular parallel wire has proved satis-

factory where used, but additional experience is 

desirable. Since it is a new item, it may be in 

short supply for some time. 

The use of Vinylite tubing to cover the regular 
parallel wire line is the methcd in general 
use where trouble is encountered in salt water 

locations. 

Properties and Uses of Protective Vinylite 
Tubing. — This material is supplied in 250 ft. 

lengths, wound on individual spools. It is fire-
proof; does not become very brittle at low temper-
atures; resists mineral and coal tar solvents; is 
water-resistant; has a high dielectric strength, 

even when wet; and has a high tensile strength. 

The manufacture of this tubing is carefully con-
trolled to meet rigid standards, such as: 

Inside diameter 

Wall thickness 

Tensile strength 

Elongation 

Fireproofness 

Life at 150° C 

Resistance to 
brittleness 

Color 

0.375 inch 

0.025 ± 0.003 inch 

3,000 lbs. per sq. inch 

250% 

Doe's not support combustion 

2,000 hours 

Tubing does not shatter when slow-
ly pinched with pliers at 40°F 

Clear 

The tubing serves as a protective sheath with 
mostly air insulation. It is, therefore, of parti-

cular value for covering the transmission line in 

any location where salt, dirt, moisture or other 
accumulation will affect the performance of the 

line. It also serves as a fireproof covering for 
parallel wire line where such protection is con-

sidered desirable. It can be used in place of 

loom for protection against abrasion and as me-
chanical protection when carrying the line through 

partitions, windows, metal frames, etc. 

To insure water tightness and to anchor the 
covering properly on the transmission line, the 

methods illustrated in Fig. 7-16 ( a, h) should be 

used. 

It is best to avoid squashing or flattening the 
Vinylite tubing. When attaching the tubing to the 
parallel wire line, a "core" should be built up 

on the line to fit the inside of the tubing. This 
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to lightning 

arrestor 

is done by wrapping 12 inches of Vinylite tape 
over the line. The tubing should then be forced 
over this "core" and the joint sealed by wrapping 
with 6 inches of Vinylite tape, as shown in 
Fig. 7-16 ( b). 

vinylite tube 

line and tube sealed 

eith tape. 

p_arallel wire line 

transmission lino wrapped with 

tope to form plug. 

Fig. 7-16 ( I)) 

To anchor the open or unsealed end after it 

has entered the building, as shown in Fig. 
7-16a, the two wires of the transmission line are 

separated by cutting the polyethylene insulation 

between them down the center, two holes are cut 

in the Vinylite covering, and the wires are drawn 
through these holes. While it is necessary for 
the covering tubing to be anchored here, it is 

best not to seal it. If any injury should occur to 
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the covering, permitting moisture to enter, the 

water could not evaporate or drain out through 

the bottom if it were sealed. In fact, it is con-
sidered advisable to put a small hole at the low-
est point in the drip loop to allow moisture to 
escape and not accumulate at the low point of 
the line. 

INSTALLATION TOOLS 

7-6. A list of installation tools considered 
desirable as permanent equipment with each 
truck, was given in Sec. 7-2. In addition, each 
man should have a kit of small hand tools. The 
following are considered essential: 

Soldering iron 

Diagonal cutters 6" 

Needle nose pliers 6" 

Gas pliers 5'4" 

Screwdriver 4" x 3/16" tip 

4" x 1/4" tip 

4" x 3/32" tip 

Philips 6" ee2 

3" #1 

E-Z Hold 

File 8" round 

File 6" flat 

Set Xcelite nut driver 1/2" to 1/4" 

Hammer — ball pien 3 oz. 

Penknife 

Flashlight 

Adjustable end wrench 6" 

Set Allen hollow screw wrenches 

Tool box 

t 

tt 

t t 

tt 

I t 

Specific uses of installation tools will be 

covered in Lesson 8, Antenna Assembly and 
Erection methods. However, there are some hints 
on care of the equipment and safety practices 
that should be considered in this lesson. 

Care of Installation Tools. — It is important 

to have all tools in good shape and ready for use 
at all times. Rubber shoes missing from the 

ladder, a dull drill, a chipped screw driver, a 

broken hammer, or a defective line cord on the 
power drill not only holds up the completion of a 
job — but, can be very dangerous! 
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The first step in the care of your tools is to 
have a definite place in the truck for each tool. 
The power drill, sound phones and line cord will 

not last long if they are just thrown anywhere. 
Small tools must be kept neatly in compartments 

or in a cloth toolroll in your tool box. 

Periodic inspection of all tools helps to 

correct faults before they become serious. See 

that your tools are in good condition, cleaned, 

oiled and repaired. Check line cords and ex-

tension cords daily. Examine the cord and con-
nections carefully before using. Damaged cords, 

defective plugs and switches may be dangerous. 

Replace them promptly. 

Safety Precautions in Using Tools. — It is 

always better to be safe than to be sorry. Acci-
dents don't just happen — there is always a 

definite cause. And too often that cause is the 
lack of proper care of your equipment, or care-

lessness in its use. Never get the idea that 
nothing can happen to you just because you have 
been on the job for years and nothing has happen-

ed yet. There is no seniority in safety. 

You need to be particularly careful in check-

ing the condition of ladders and electrical equip-
ment, and in their use. Never let up on these 

safety hints, and you'll stay healthier and live 
to a ripe old age. 

Ladders. — Most ladder accidents are caused 
by the ladder falling, or by the climber losing his 

balance and falling. The important things to 

watch for are: 

(1) Make sure the ladder is not defective. If defective, 
repair it or replace it before you use it again. Make 
sure that ladder ropes are in good condition. 

(2) Use a ladder with safety feet suitable for the floor 
or ground it stands on. Your ladder has rubber 
shoes to prevent slipping. Make sure they are on, 
and in good condition. 

(3) If the ground or floor is slippery, tie the ladder at 
the base. 

(4)° If the ladder is placed before a doorway, lock the 
door, or have someone guard it. Where there is 
any danger of someone bumping into the ladder, be 
sure that there is suitable protection against any 
traffic. 

(5) Be sure that the ladder is placed at a safe angle 
against the wall or other solid backing. The angle 
recommended is about 75 degrees .with the hori-
zontal. It works out about right when you set the 
base of the ladder out from the wall, one fourth 
the distance to the top support. 

(6) Raising and extending a long extension ladder 
requires extreme care. 

Wait until the ladder is raised to a vertical posi-
tion, then extend it. Be sure to watch where you 
put your pagers. To lower the ladder, simply re-
verse the operation; but first raise the upper 
section just enough to release the hook, so it can 
be lowered. 

(7) Always face the ladder and hold on with both 
hands, whether climbing up or down. 

(8) Don't carry bulky objects up or down the ladder. 
Keep your hands free. Carry tools in suitable 
pockets, or have your tools and other objects 
hoisted with a rope and bucket. 

(9) Never leave tools or other materials where they 
may slip and fall. 

Electrical Equipment. — If you ever had the 

idea that 110 volts can't hurt you, forget it. Elec-

trical shock is always dangerous; and if it happens 
when you are in a precarious position, such as on 

a ladder, you will be in real trouble. There are a 

number of cases on record where electric drills, 
used while on a ladder, became shorted and 
caused bad falls. The shock alone could be 
serious under certain conditions. Follow these 

basic rules and you won't be shocked: 

(I) Before using any electrical equipment,dry your 
hands. Make sure that you do not stand on a wet 
surface. Stay off metal bases, or wear rubber 
soled shoes. 

(2) Keep electrical equipment in good condition. Keep 
moving parts cleaned and oiled to the extent re-
quired. 

(3) Use only approved and inspected extension cord.. 

(4) Do not patch damaged cords. Shorten the cords 
or get new ones. 

(5) Protect the cord against contact with oil, hot sur-
faces, chemicals or sharp surfaces. These could 
damage the insulation. 

(6) Never hang an extension cord on nails or other 
sharp edges. Don't "let it become kinked or 
knotted. Never leave it where a truck can run 
over it. The insulation just won't take such 
treatment. 

Ground portable electric tools, such as your power 
drill. If a ground has not been built in, it is good 
practice to use an extra wire to ground the tool 
casing. 

If the grounding connection is made to a water 
line which includes a water meter, make sure that 
the line is really grounded. Some water meters 
are good insulators. 

(9) A grounding connection should never be made to 
a gas or fuel pipe. 

(10) Wear goggles while using electric hand tools if 
there is any danger of flying particles. 

(11) Do not overstrain the tool, thus overloading the 
motor. 

(12) Correct promptly such faults as a broken or de-
fective plug, or broken or defective insulation. 
Any faults that yoù cannot repair promptly, such 
as brushes sparking, loose or broken switch, motor 
overheating, eec.., should be repaired in the shop. 

(7) 

(8) 

Hand Tools. — Careless use of hand tools can 
be just as dangerous as careless use of power 
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tools or ladders. There is only one way to keep 

from getting hurt, and that is to develop good 
habits of checking and using your tools. Some 
pointers are: 

(1) Select the right tool for the job — never use a 
makeshift. 

(2) Use only tools in good condition — no tools with 
cracked or broken handles or with mushroomed or 
broken heads. 

(3) Keep keen-edged blades sharp; store them safely 
when not it use. 

(4) Do not use a hammer with a hardened face on a 
highly tempered tool such as a drill, file, die or 
jog. Chips may fly and endanger eyes or hands. 

(5) Never use any tool in such a manner that it can 
injure you if it slips. 

(6) Never leave tools where they might fall and injure 
someone. 

(7) When using a• hammer, grasp the handle firmly 
near the end, keep your eye on the point to be 
struck, and strike a true blow. Keep the hammer 
clean and free from oil or grease, which could 
cause it to slip. 

(8 Never use a screw driver with a split or splin-
tered handle.. Always use a screw driver that fits 
the screw. Dress the point if it is worn, bent or 
broken. 

(9) For electrical work, use screw drivers with in-
sulated handles. 

(10) Use wrenches of the right size for the job. Face 
the jaws of an adjustable wrench in the direction 
of the pull. 

(11) Treat small cuts or bruises promptly. Remember 
that there is always danger of infection. Use your 
first aid kit. As soon as possible, have the injury 
examined by a doctor. 

In addition to knowing all the materials and 
tools you need to carry out the job of installing 

an antenna, a little time and thought devoted to 

how to use this material safely pays dividends 

in time saved and trouble avoided. Safety is 

largely a personal matter. Throughout the lessons 

of this Course, we will continue to point out 
possible hazards and to give safety hints. But 
they won't be worth much unless you study them 
carefully, and apply them to what you personally 

do on the job. That means to consistently try to 
improve your habits of checking materials and 
tools before using then-, and then following all 

recommended precautions in their use. 

ADDITIONAL SAFETY PRECAUTIONS 

Throughout all the lessons of this Course there 

will be references to desirable safety precautions, 
wherever they fit in. Since this is the only 
lesson in which direct reference is made to the 

truck in which installation material is carried, 

this is the logical place to stress truck safety — 
particularly the prevention of fires. 

Prevention of Motor Vehicle Fires. — Careful 

observance of the following rules should prevent 

truck fires: 

1. Always turn off your engine promptly after driving 
UD to a gas pump. Never smoke while refueling. 

2. Do not smoke or use an open flame when looking 
into the gas tank, the radiator or the battery. 

3. When smoking in the vehicle, put matches and butts 
in the ash tray, if one is provided. If not, make 
sure matches and butts are "dead" before throwing 
them from the vehicle. 

4. Check the carburetor and the fuel line frequently 
for dripping gasoline. See that the carburetor does 
not overflow on the exhaust manifold. 

5. Loose or broken gaskets, exhaust pipes and mufflers 
should be repaired without delay. 

6. Have the insulation of wiring checked frequently to 
avoid short circuits. 

7. Keep the motor and dust pans free from oil, grease 
and dirt. Do not carry oily rags, waste or other 
flammable objects under the hood or elsewhere in 
the vehicle where combustion might occur. 

8. llave accumulated grime and grease on brake shoes 
and drums removed promptly. 

9. Inspect all parts of the truck frequently for any 
defects or conditions that might in any way repre-
sent a fire hazard — and correct such conditions 
promptly. 

Motor Vehicle on Fire. — Given a few seconds 

start, an oil or gasoline fire may become difficult 

to handle. Here's what to do in any emergency: 

1. Turn off the ignition and lights immediately. 

2. Avoid stopping the vehicle near combustile ma-
terials or where fire will endanger lives. 

3. Use your fire extinguisher. Apply it through the 
louvres for engine fires. Don't raise the hood 
unless such vents are not provided on your truck. 

4. If your extinguisher is not accessible (and you 
should be careful to see that it is always in your 
truck and ready for use), smother the flames with a 
tarpaulin, blanket, coat, or other hand covering. 
Sand or dirt (preferably wet) will do. 

5. Never throw water on a gasoline or oil fire. This 
would spread the flames. 

6. After the fire is out, do not drive the truck until 
the cause of the fire is determined. A short circuit 
might start the fire anew when the ignition or lights 
are turned on. 

Report of Motor Vehicle Accident. — The 

driver is expected to know and to follow all motor 

vehicle traffic regulations and safety practices. 
I here are two desirable rules that should be ob-
served: ( 1) no riders, and (2) when backing the 
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vehicle, make sure that the way is clear before 

proceeding. Make sure that there are no children 
around or under the vehicle. 

When an accident occurs it is important that a 
full report be made as soon as possible. An 
envelope with printed instructions and all neces-
sary forms should be available in the truck. 
Examples of the forms are shown below. 

Some of the points to keep in mind are: 

1. Fasten the envelope (containing instructions) 
securely in your truck. 

2. Read and learn how to use the enclosed forms: 

Driver's Report of Accident 
Witness Card 
Emergency Request for road help 
Driver's Exoneration Card 
Claim Representative Directory 

If you witnessed the accident that just occurred, will 

>ou kindly write your name and address on the other side 

of this card. 

If our driver was NOT at fault you will protect him by 

telling us so. If he was at fault you are protecting yourself 
and the public by informing us. 

Thank you 

Driver 

3. 1e•hen an accident occurs, the Driver's Report 
must be filled out in detail at the scene of the 
accident. 

Obtain the signatures of all witnesses on the pro-
vided Witness Card. 

If possible, have the other driver or person in-
volved sign the Exoneration Card. This is your 
protection 

4. These cards should be turned over promptly to your 
immediate superior. 

5. In case of a severe accident, telephone or wire the 
nearest Insurance Company representative. 

6. No driver of any motor vehicle or trailer owned 
or controlled by the Company shall permit any per-
son not on our payroll to ride thereon, or shall any 
driver use such equipment for other than Company 
business. 

7. Do not argue or discuss the responsibility of the 
accident with anyone. 

IF YOU HAVE PLANS FOR TOMORROW BE 

CAREFUL TODAY. 

OUR DRIVER IS REQUIRED TO MAKE A FULL REPORT OF THIS 

OCCURRENCE. YOU WILL OBLIGE HIM BY FILLING OUT THIS CARD. 

De.  19 

WERE YOU INJURED?  

WAS OUR DRIVER AT FAULT'  

NAME 

RESIDENCY 

DRIVER'S EXONERATION FORM 

Date  

To Whom it May Concern: 

I hereby exonerate card release Driver  

cord from all blame or 

negligence In connection with an accident Involving the undersigned at 

on thls date 19 , 

Witness Signed  

Address   Address  

Fig. 7-17 
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LIST OF INSTALLATION MATERIALS 

Part No. Description  

Antenna 

Antenna 

Bracket 

Peaked roof bracket 

Band *2 folded dipole and reflector (com-
plete kit) 

Band *3 folded dipole and reflector (com-
plete kit) 

Band e4 folded dipole and reflector (com-
plete kit) 

Band *5 folded dipole and reflector (com-
plete kit) 

Band *7-*13 folded dipole and reflector 
(complete) 

Telrex - 4X - TV antenna kit 

High frequency antenna 

Matching Harness (3 Section Line) 

Junction Terminal Block for Harness 

Capacity loaded dipole ( indoor) 

Extenden rod V-type antenna ( indoor) 

Oak Ridge Pre-assembled folding type 

Channel Master Pre-assembled folding type 

Channel * 2 matching element kit 

Channel * 3 matching element kit 

Channel *4 matching element kit 

Channel * 5 matching element kit 

Wings (4) 

Dipole Rods ( 2) 

Gyro-Tenna window type antenna 

Antenna terminal lug 

Receiver spade lug 

Arrestor terminal lug 

"S" Hook 

Bronze lockwasher 

Brass flat washer 

Brass hex nut 

Stainless steel lockwasher 

Aluminum flat washer 

Aluminum hex nut 

214" Aluminum bolt 

21/2" Aluminum bolt 

ni" Aluminum bolt 

D.P.D.T. switch 

Connector 

Mast clamp 

U- Bolt for * 225 and folded dipole 

Lightning arrestor ( indoor) 

Lightning arrestor ( outdoor) 

Grommet 

Plastic-headed tack 

Rubber stopper 

Rubber mast bushing 

Rubber mast bushing 

3" Wood stand-off 

Part No. Description  

3" Machine stand-off 

7" Wood stand-off 

7" Machine stand-off 

Transmission line (Twin Lead) 

Heavy transmission line (Twin Lead) 

Vinylite tubing 

Twinex transmission line 

Co-axial Transmission Line 

Tubular Amphenol 

Std. 1-3/8"Dural tubing — 12' length 

Special 1-3/8" Dural tubing — 12' length 

Special 1-5/8" Dural tubing — 12' length 

Special 1-7/8" Dural tubing — 12' length 

Special 2-1/8" Dural tubing — 12' length 

Std. 1-3/8" Dural tubing — 8' length 

1" x 2" Spacer block 

2" x 2" Spacer block 

x 2" Spacer block 

Strap for Stand-off Wall Bracket 

Bracket for Stand-off Wall Bracket 

Ground rod 

Alum, ground wire 

Ground strap (clamp) 

Galvanized guy wire 

Thimble 

1/8" Cable clamp 

IA" x 2-1/8" Turnbuckle 

5/6" x 2-5/8" Turnbuckle 

U-Bolt 
Galvanized washer 

5/16" x 1t/2" Lag screw 

14" x 11/2" Lag screw 

x 3" Lag screw 

x 4" Lag screw 

Expansion shield 

x 3" anchor bolt 

14" x 4" anchor bolt 

Lead cone 

Lead sleeve 

Rawl plugs 

P;" Brass screw 

5/16" x P/4" Hexagonal machine bolt 

Pipe strap for 2-1/8" pipe 

Pipe strap for 1-3/8" pipe 

Pipe strap for 114 " Pipe 

Pipe strap for Pí" Pipe 

3/8" Loom 

Wire stand-off for 1-7/8" mast 

Wire stand-off for 1-5/8" mast 

Wire stand-off for 1-3/8" mast 

Locking clamp for wire stand-off 

31, " " nail- it" type stand-off 
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Part No. 

LIST OF INSTALLATION MATERIALS (Coned) 

Description  

7" " nail-it" type stand-off 

1-3/8" Guy ring 

1-5/8" Guy ring 

1-7/8" Guy ring 

Junction box for 4 lines 

Junction box for 3 lines 

Junction box for 2 lines 

Fuse 

Wave trap 

Waterproof matching transformer (outdoor) 

Part No. Description  

Matching transformer ( indoor) 

FM wave trap 

19.75 MC wave trap 

27.75 MC wave trap 

Antenna base assembly 

Carbon tetrachloride — qt. 

Friction tape 3/ " - lb. roll 

Friction tape 1/2 " — lb. roll 

Rubber tape 1/2 " — lb roll 

Electric Vinyl tape 
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WHAT IS A GOOD ANTENNA INS TA L LA T ION ? 

8-1. In Lesson 6 we studied the electrical 
and mechanical characteristics of the antenna 

types used in TV installations. Lesson 7 detailed 
for us the materials and tools used to hold the 
antenna and transmission line in place. The next 

step is to study how these materials and tools 

are used in assembling and erecting the antenna. 

That is the job of this lesson. The procedures 

to be presented have been worked out in actual 

practice, and have been found to provide the most 
dependable results over a reasonable period of 

time, as well as meeting Fire Underwriters' re-
quirements and similar restrictions. 

In the following lessons we'll apply what 

we've learned to actual installation problems in 
various situations, and learn how to choose the 

antenna, and plan the installation for each job. 

To be considered a good antenna installation, 

the completed job must not only give good elec-
trical results, but it must also be mechanically 
sturdy, it must look well, and it must be in ac-
cordance with local legal regulations and Fire 

Underwriters' requirements. 

Importance of a Sturdy Structure. — Whatever 
the antenna type decided upon, it must be so con-

structed and erected that it will not fail in bad 

weather. In addition to the time, money, and 
energy expended in replacing an antenna that 

fails, such failure could cause property damage 
and personal injury. 

The mechanical structures of the various 
antennas approved for use in most installations 
have been designed to withstand the strains and 

stresses that are likely to be encountered under 
storm or icing conditions. But no antenna will 
hold up well and give good service unless the in-

stallation is the result of a good job of assembl-

ing and installing the antenna, mast, mount, 
transmission line, lightning arrestor, and all 

other accessories needed to complete the instal-
lation. 

If you can produce antenna installations that 
do not fail — even under hurricane conditions — 
it will prove the excellence of the installation 
work. 

Antenna installations can be divided into 
two groups, standard and special. Examples 
of these are described below. 

Standard Installations. — A standard antenna 

installation includes a section of mast of standard 
length (at present this may be 5, 8 or 12 ft.); an 
antenna, consisting of a dipole, or dipole with 

reflector, or folded dipole with reflector and a 
high frequency element, installed only where 

necessary; required mounting brackets; up to 
100 ft. of parallel wire transmission line; light-
ning arrestor; insulators; and accessories. 

Examples of standard installations are shown 
in Figure 8-1. While a great many combinations 

of different types of antennas and mounts are 
possible, we show only two as typical installa-

tions which you are likely to be required to make. 

Fig. 8-1(a) 
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Fig. 8-1(b) 

Special Installations. — Any variation from a 

standard installation, that requires additional 
material,or that presents special problems in in-
stallation, would be considered as a special 
i nstallation. 

Examples of special installations are shown 
in Figure 8-2. Here, too, a great many combi-

nations are possible. We show: (a) an otherwise 
standard installation, but with a co-axial cable 
transmission line; ( b) a stacked array antenna 

installed on a tall mast with two sets of guy 
wires. 

The type of antenna to be instalied at a given 
location is an electrical problem that depends on 

the strength and cleanness of the signal at that 
particular place. The required height for the mast 
is similarly determined, since in most (though not 
all) cases, raising the antenna higher above 
ground results in a stronger and sometimes cleaner 

signal. How to decide these points will be dis-
cussed in detail in Lessons 9, 10 and 11.. 

Fig. 8-2(a) 

Fig. 8-2(b) 

The Antenna Mounting Problem. — How to 
erect the mast and hold it securely in place, 

however, is a mechanical problem. It depends 
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on the site on which the mast must be installed. 

Since that site could be a chimney, parapet, wood 

or brick wall,or a flat or peaked roof, a number of 

types of mounts are available to fit each parti-
cular need. Just picking the right mount is not 

enough. There is a right and wrong way to use 

each one. 

Additional procedures that must be clearly 
understood are methods of erecting and guying 

the mast; installation of a standard transmission 
line; the use and installation of a lightning ar-

restor; the grounding of the mast; and the general 

structural precautions necessary for a good, safe 

and sturdy job. 

The matter of safety deserves special empha-
sis. Safety measures must be followed to prevent 

anyone from being hurt, including yourself. There 

are hazards to look out for, and a preferred way 

of doing each job. 

BUILDING MATERIALS AND CONSTRUCTION 

8-2. The type of antenna selected for instal-

lation at a given location, and the height of the 
mast required, will influence the kind of support 

needed for a sturdy installation. Of equal im-

portance is the nature of the material of which 

the roof or the building is constructed. The best 
supports devised will not provide a good instal-
lation if they're put up on a crumbling chimney, 
a weak roof or a wall structure in need of repair. 

It is important, in setting up an antenna, to have 
it rest on a firm foundation, so that the resulting 
structure will be sturdy, and give satisfactory re-

ception for a long time. 

Roof Structures. — It is not good practice to 

mount the antenna directly on the roof. Whenever 
possible, it is preferable to mount it on some 
other structure, such as a chimney, a parapet, or 

a wall of the building. However, there are some 

instances, on flat roofs or peaked roofs, where it 
becomes necessary to fasten the mount directly 

to the roof. In fact, in some localities— Baltimore 

for example — it is illegal to mount antennas on 
chimneys or parapets where the antenna may pro-
trude over the edge of the building. Here a roof 

mount becomes mandatory, for an outdoor in-
stallation. 

The danger in mounting directly on the roof 
results from the fact that it may be necessary to 

penetrate into the roof material with lag screws 

or anchors. In puncturing the roof surface, a 

condition may result in which rain may seep in 

and cause damage. There are legal problems in-
volved, too. Many roofing material companies 

guarantee a roofing installation for a long period 
of time. If you break through the roof seal and 

the roof leaks, you and your company then may 

be liable for any damage. 

Even if the roof has not been guaranteed by 

the roofer, it is best to avoid the possibility of 
causing a leak. You will probably have to step 
on to the roof to get your job done. Therefore, 

you must know enough about roof structures to 

know what to watch out for, to keep out of trouble. 

A roof structure consists of three essential 

parts: the supporting structure, the insulation, 
and the waterproof roofing material on the out-
side. You cannot fasten anything securely to the 
outside roofing material; that is, the tarred paper 
covered with shingles, tile or slate. You have to 

get down below that layer (and sometimes it is 

several layers), past the insulating material that 
lies underneath the roofing material, down to the 

supporting structure that is a part of the building 

frame. This supporting structure may be of wood, 
concrete or steel. Figure 8-3 shows several 
types of roofing structures. 

In private homes, and even small apartment 

houses, the roof support is usually a wooden 
structure. Large apartment houses and commer-
cial buildings normally have a roof structure of 
concrete or steel plates underneath the insulating 

material and the outer waterproof covering. 

To fasten an antenna mount or the anchors for 

guy wires to the roof, it is necessary to penetrate 
all the way down to the support, in order to be 

sure that the mount will hold. For a wooden 
structure, you need lag screws long enough to 

penetrate into the building structure to a suffi-

cient depth to hold. For a concrete structure, you 
would have to penetrate to the concrete, and 

make a hole in it deep enough to hold an ex-
pansion bolt. For a steel structure, you would 

have to penetrate to the steel plate and drill a 

hole in it to hold a long machine screw. And 
when you are sure that the lag screw, the anchor 
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Fig. 8-3 

bolt or the machine screw holds firmly in the roof 
support structure, you must then carefully fill in 

any space around the holding screw or bolt, and 
seal the opening completely with a roofing com-

pound. That last point is very important. Any 

time you break through the roofing material, you 
must seal that opening so that the roof is again 

waterproof. 

Breaking through the roofing material must be 

avoided if possible. It is permissable only when 
no other means of mounting the antenna is avail-

able. 

Wall Structures. — A sturdy antenna installa-

tion requires that the mount be fastened directly 
to the building structure. This is much more 
easily done on a wall of the building, than on the 

roof. The most common wall structures en-

countered in urban areas are wood or brick; how-

ever, other building wall types frequently met 

with are stucco, brick or stone veneer, tile, 
cement block, and stone. When we consider the 

problems of installation, these will be classified 
into four main types: ( 1) wooden walls, (2) veneer 

covering (brick, stone, or stucco) on a basic 
wooden wall, ( 3) hollow material walls (building 

tile or cement blocks), and (4) solid material 

walls (brick, stone, or concrete). Examples of 
these types of wall structures are shown in 

Figure 8-4 ( a, b, c, d). 

Wood Frame Wall. — Figure 8-4 (a) shows the 
basic structure of a wooden wall. If we were to 

take the wall apart, the successive layers would 
be an outer covering of siding or sLingles, then 

a layer of waterproofing material (tar paper), then 
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Fig. 8-4 ( a) Wood frame wall. 

a layer of closely fitted flat boards, designáted 

as tongue and groove sheatiing, which are 
fastened to the vertical studding. The vertical 

studding consists of 2" x 4", or larger, wood 

members called studs. It is the basic frame, or 
structure which supports the upper part of the 
building. 

While the antenna mount may hold temporarily 
if fastened to the wooden sheathing or siding at 

any point on the wall, a much more secure mount 
is obtained by fastening directly to a vertical 

stud. Studs are usually spaced 16 inches apart 

es», 

vortical mob», 
material 

,Oric* room. 

conerwto or 0/oet 
foundation 

Fig. 8-4 ( b) Brick veneer wall. 

(center to center), so you can usually find one 
close to where you want to put the antenna mount. 

Veneer Walls (Brick, Stone, or Stucco). — A 
veneer wall, just as the name implies, has a thin 

veneer, or outer covering, on a wooden framework 

of vertical studding used to support it. In some 

cases, there is an inner wood siding between the 
outer veneer and the studding. Where this is so, 

lag screws that penetrate into and hold in the 
wooden frame may be satisfactory for fastening 
the antenna mount at any point on the wall. But 
in many cases, particularly with stucco, the 
veneer is held in place on a framework of wood 

or metal lath fastened to the vertical studding. In 

such cases, it is best not to fasten the mount to 

the stucco wall, since there is danger of cracking 
the stucco. In general, however, it is best to 

fasten any external structure directly to the stud-
ding, to obtain the sturdiest installation — one 

that will hold up under adverse conditions. 

Solid Material Walls, (Brick, Stone, and Con-
crete). — Brick, stone, or concrete Nails, whether 

they support the building alone,or in conjunction 

with a steel framework, have a sufficient thick-
ness to take an expansion anchor of some type 

which will hold in the wall material. Incidentally, 
chimneys are included in the classification of 
solid material walls, since they may be con-
sidered as extensions of the building structure. 
Brick or stone walls of die veneer type, however, 

are often quite flimsy. In such cases, the mount 

Fig. 8-4 (e) Solid brick wall. 
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should be on the roof and only stand-offs fastened 

on the wall. 

Hollow Material Walls. — We run into a differ-

ent problem when the wall is made of hollow tile 
or cement block. A hole drilled in such a wall 
may penetrate into a hollow section of a block. It 

then becomes necessary to use a wing toggle bolt 
or a toggle screw anchor to fasten the mount. 

Fig. 8-4 (d) Hollow tile wall. 

These can be inserted into the hole, where the 
toggle section will open and hold securely when 
the bolt is tightened. Of course, the hole must 

then be sealed to make it waterproof. 

MOUNTS AND ANCHORING METHODS 

8-3. Before determining the location for the 
antenna, and the particular type of mount to use, 

it is necessary to make a preliminary inspection. 

The type of mount selected will of course 
depend on the kind of site selected for the an-

tenna installations. Purely from the mechanical 
point of view, the order of preference is: ( 1) 

chimney, (2) building wall, (3) peak roof, (4) flat 
roof. However, more important factors are: (1) ac-

cessibility of the site, (2) best position for the 

line run to the receiver, and (3) the customer's 

preference. 

Mounts for Chimney Installations. — There 
are two methods in common use by most com-
panies, for chimney installations. These are: 
(1) the use of pipe straps and spacer blocks with 
expansion bolts, and (2) the use of chimney 
straps. The pipe strap and spacer block method 
has been standard for some time, but is now 
being replaced by the chimney strap. While 
the chimney strap is more expensive, this cost 
factor is compensated for by the time saved 
using this simpler method. Due to the fact that 
it has a compression effect on the chimney, 
and tends to hold the bricks in place, it can 
be used on chimneys that are in only fair con-
dition. By contrast, the expansion bolts used 
with pipe straps tend to split and loosen the 
bricks. 

A typical pipe strap and spacer block chimney 

installation looks like this: 

cletaier 

gem, Met» le 

Fig. 8-5 

Either two or three pipe straps are used, de-

pending on the height of the mast. For an 8 ft. 
or a 12 ft. mast, two straps are sufficient; three 

are required for taller masts. The width of the 
spacer blocks brings the mast out far enough 

from the chimney wall to clear the overhang at 
the top usually encountered, as shown in Figure 

8-5. If the overhang is not cleared, an addi-

tional set of spacer blocks may be used; but that 
requires the use of longer expansion bolts — and 
there's a limit to how long a bolt is practical. 

Installing Pipe Straps. — The big disadvantage 

of the pipe strap and spacer block method is the 
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time and effort required to make the mount hold 

firmly in the chimney brick. Holes deep enough 
to hold expansion bolts must first be drilled. This 

can best be done with a power unit and a carboloy 
drill. A star drill and hammer can be used for the 
job, but this is tedious work, and the repeated 
blows may loosen the brick to a dangerous extent. 

In drilling the hole, avoid splitting or chipping 
the brick. This requires drilling in the center of 
the brick, not near any edge. Drill deep enough 

for two sleeves and cones. Holes for antenna 
mounts are never drilled in the mortar between 
bricks. 

The expansion bolt is then installed so that it 
will hold firmly. This means that the hole must 

be deep enough, cleaned thoroughly, and the ex-
pansion bolt installed properly. The expansion 
bolt is inserted in the hole, and its lead sleeve 
is expanded by driving it in with a tamping tool 

and hammer. Additional lead cones and sleeves 
are added and tamped in, to fill the space in the 
hole to the top, so that the bolt is held firmly. 

Each unit is tamped separately, to insure a tight 
fit. See Figure 8-6. 

expansion boil 

lead cone 

lead sleeve 

brick mortar 

spacer block 
pipe strap 

nut 

lock washer 

Fig. 8-6 

Two such expansion bolts must be installed 
for each pipe strap. It is necessary that the holes 

be properly positioned, so that the bolts will tit 
the pipe strap holes, and the pipe straps will be 

lined up to hold the mast in a true vertical posi-

tion. When two straps are used, they are spaced 

approximately 24 inches apart. When three are 
used, the third is placed above the other two, 

about 6 inches higher, as shown in Figure 8-5 

It is important to remember that different size 
pipe straps must be used for different sizes 

of mast, and that the holes must be spaced ac-
cordingly. 

The spacer blocks come with holes already 
drilled. The blocks are slipped over the anchored 

bolts, the mast is placed in position, the pipe 

straps are slipped over the bolts to hold the mast 

in place, and are held tightly by a lock washer 
and nut over each bolt. 

The installation, properly made, provides a 

sturdy structure, capable of withstanding strong 
winds of 75 to 90 miles per hour, for masts of 12 
ft. or less, without using guy wires. For masts 

taller than 12 ft., guy wires are required. It is 
also desirable to rest the bottom of a tall mast 

on a wooden block, to prevent any possible 
damage to the roof. 

Installing Chimney Strap Mounts. — Installation 
of a chimney strap mount is a great deal easier 

than the pipe strap method, since no holes 

need to be drilled. Besides, the chimney strap 
is less of a hazard to the chimney. There is no 

danger of bricks being pulled out in a high wind. 
In fact the strap strengthens the chimney. 

There are a number of different types of - 
chimney straps now in use. One type is the 
chimney bracket assembly shown in Fig. 8-7. 

sain/.s, steel strapping 

eye bolt 

tape 

Fig. 8-7 

bracket 

stainless steel 

buckle 

aluminum edge 

protectors 
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This is made up of the following parts, which 
are shipped together as a unit: one bracket with 

ten feet of stainless steel strapping attached; 

one stainless steel eye bolt with nut and lock 
washer attached; one stainless steel %" buckle; 

and three aluminum edge protectors. The strap-

ping is held together in a small roll with a strip 

of tape, until ready for use. 

The bracket which is to hold the mast fits on 

a corner of the chimney. The first thing to do in 
an installation is to decide which corner of the 
chimney is nearest to the transmitters, since that 
is the corner on which the bracket should be 

placed. This is desirable in order to keep an-
tenna and transmission line connections away 

from the opening, where they are constantly ex-
posed to chimney gases, which could cause 
corrosion and electrolytic deterioration, as ex-

plained in Lesson 7. Another factor that needs 

to be considered in choosing the corner on which 

to place the bracket, is the most convenient 
routing of the transmission line. 

The recommended procedure to follow in set-
ting up the mount is: 

1. Remove the tape and unroll the strapping. 

2. Slide the free end of the strap through the slot of 
each edge protector, and space them so that each 
one is approximately in the position it will occupy 
when the strap is in place around the chimney. 

3. Feed the strap through the stainless steel buckle, 
so that the "ears" on the buckle will be toward 
the free end of the strap, and projecting outward 
from the chimney. 

4. Adjust the nut on the eye bolt, so that the nut is 
flush with the end of the eye bolt. This allows 
the maximum take-up. 

5. Pass the large loop, formed by the strapping with 
all parts attached, over the chirney, as shown in 
Fig. 8-8. Remember that the mast must rest on 
lances (crimped ledges) at the bottom of the 
bracket. Be sure that the bracket is not upside 
down. 

6. Now pass the strapping through the eye bolt, from 
the chimney outward. Next, place the bracket in 
position on the chimney, and adjust the edge pro-
tectors so that each rests on two bricks, as shown 
in Fig. 8-9 ( b), on the next page. 

7. With a pair of pliers, pull the strapping as tight as 
possible, and bend the strap around the eye bolt, 
and in against the inside strap. At this stage, the 
buckle should look like Fig. 8-9 (c). 

8. Cut off the excess length of the strap,three inches 
from the eye bolt, press the projecting end of the 
strap firmly against the inside strap, and slide the 
buckle over it and up against the eye bolt. 

9. Bend the strap back over the buckle,and in between 
the ears. Bend both ears down tightly against the 
strap, using pliers for that purpose. The arrange-
ment of the strap through the buckle now is as 
shown in Fig. 8-9 (d). 

8-9 

10. Adjust the tension of the strap by turning the nut 
on the eye bolt with a wrench. 

II. Insert the mast from the top mast mount to the 
lower mast mount, and make sure that the bottom 
of the mast rests on the lances provided for that 
purpose. Tighten the nuts on the mast mounts, to 
hold the mast securely in place. The second 
buckle,which comes attached to the strap is shown 
in Fig. 8-9 (e) while the installed complete as-
sembly is shown in Fig. 8-9 (a). 

Present practice is to use the chimney strap 
wherever possible. 

Fig. 8-8 

Wall Mounts. — Although pipe straps and 
spacer blocks could be used to mount an antenna 

mast on a building wall — in fact on any vertical 
surface on which there is no more than 1" or 2" 
overhang that the mast must clear — this limiting 

clearance is usually not enough to clear the root 
eaves, which, in most cases, jut out a foot or 
more. Wall mounts, therefore, must provide for 

such added clearance. 

One of the oldest and still favorite types 
of wall mount used is the stand-off wall bracket. 
The complete unit is made up of two brackets 
and two straps, with the mast held in place 
by two U-bolts and fish-plates. 

Installed, as shown in Fig. 8-10, it provides 

a clearance of 12" from the building wall. This 

is normally enough to clear the roof eaves. Where 
greater clearance is needed, a perforated ex-
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buckle 

'free end 
of strop 

Fig. 8-9 

tension arm is added to provide clearance up to 

two feet. 

Fastening the bracket to the wall can be done 
as was explained for the pipe strap. On a wooden 
frame building, lag screws penetrating into the ver-
tical studding will hold well. On a brick or con-

(e) 

crete building, lead anchor bolts as in Fig. 8-6, or 
lead expansionshields with lag screws as in Fig. 

7-7 (d) of the previous lesson,must be used. 

In making a wall installation, it is usually 

necessary to work from a ladder. This can be 

dangerous and requires extreme care. 
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Fig. 8-10 
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Peak Roof Mounts. — In suburban areas, where 

peaked roofs are common, peak roof mounts are 

frequently used. A standard peak roof bracket 
used in manyinstallations is shownin Fig. 8-11. 

Besides having adjustable feet to fit the 
slope of the roof on both sides of the peak, this 
bracket is provided with a mast raising feature. 

This is a real help in raising a tall mast under 

the precarious conditions encountered when work-

ing on the ridge of a peaked roof. 

In order to provide added strength, and reduce 

the danger of roof damage, the preferred method 

of installation is not to mount the bracket directly 

on the roof, but on two 3 ft. lengths of x 4" 

lumber fastened to the roof. With such supports 

fastened to the roof rafters or supporting struc-

ture, with sufficiently long lag screws or bolts, 

the mount can be fastened to the 2" x 4" timbers 

with 5/16" x 2" lag screws. The only holes 

that puncture the roof seal are those which hold 

the 2 x 4's. These holes, of course, must be 

carefully sealed with roofing compound to prevent 

leaks. When properly set up, the entire structure 

is sturdy, and there is very little likelihood of 

the roof leaking. Also, the undersides of the 

2 x 4's, and the section of the roof in contact 

with them, should be generously coated with roof-

ing compound,to prevent seepage. 

Fig. 8-11 
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Raising the Mast. — With the mast-raising 

swivel in place, the bottom of the mast is in-
serted into the socket, with the mast and as-

sembled antenna lying horizontally along the 
ridge of the roof. The mast can then be easily 
raised by one man, who picks up the top end of 

the mast, raises it above his head, and then 

walks along the ridge of the roof toward the 

mount, raising the mast. 

Incidentally, be sure you have the trans-

mission line connected to the antenna, and the 
stand-offs to the mast, before you raise the mast. 

After all, you won't want to shinny up the mast 

like a monkey to attend to these jobs, which can 
be done more easily and safely with the mast 
horizontal. The same applies to attaching guy 
wires on tall masts that require them. When and 

how to install guy wires is discussed in Sec. 8-4. 

When the mast has been raised, it is held in 
place by a fishplate and U-bolt, installed loose-
ly in the upper part of the bracket as explained in 

Lesson 7. The mast raising swivel is removed 

and is retained for use on the next mast raising 

job. The mast is dropped to rest on the bottom 
support ledge of the bracket, and the lower fish-

plate and U-bolt can then be put in place. Lock 
washers and nuts are used to fasten the U-bolts, 

which are tightened sufficiently to hold the mast, 
while leaving enough slack to permit the antenna 
to be turned. 

Orientation procedure — the turning of the an-

tenna to find the direction from which best overall 

reception is obtained — will be studied in detail 
in Lesson 9. 

Flat Roof Mounts. — On flat roofs, where the 
mast cannot be readily mounted on the chimney 

or parapet, it is often necessary to mount it di-

rectly on the roof. As previously explained, the 

hazard here is the danger of breaking the roof 

seal and causing a leak. However, if anchoring 
points for three or more guy wires are available, 

it is possible to use a flat roof mount not 
fastened directly to the roof. The guy wires are 
fastened high up on the mast. With the top held 

by the guy wires, friction of the base against 
the roof keeps the bottom from slipping. 

This is illustrated with the antenna base assem-
bly shown in Fig. 8-12. This consists of a pipe 

base bracket fastened by bolts to a weatherproofed 

plywood base. The base rests on the flat roof, with-
out being fastened by lag screws or other means. 

The base, 10" x 10", covers a large enough 
area, so that the mast supported in the base 

bracket is held firmly by guy wires,without danger 

of slipping. If the roof has a slight slope, one or 

more leveling shims can be placed underneath 

the bracket for leveling the mast. 

Where it is possible to fasten a mount di-
rectly to the roof without danger of a leak, the 
Nielssen peak roof bracket can then be used. This 
bracket is particularly useful where a tall mast 

is to be installed. By mounting the bracket on a 
large enough wooden base, about 16" x 16", it 
need not be fastened to the roof, but will be held 
firmly in position by friction and the wires guying 

the mast. A typical flat roof installation is 

shown here: 

Fig. 8-12 

GUYING THE MAST 

8-4. his present practice to use mast sections 
in 5 ft., 8 ft. and 12 ft. lengths. The height of 

the mast to be set up will depend on the parti-

cular conditions encountered at the location. In 

strong signal areas, the mast height is not an 
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essential consideration in getting a strong signal 

to the receiver. In weaker signal areas antenna 

height is a determining factor. 

In strong signal areas, where antenna height 

is not important, there is no point in using a 12 

ft. section of mast if 8 ft. will serve the purpose. 
Of course, there are Building Code regulations 

that must be met. For example, there is the re-
quirement in many localities that the antenna 
elements must be at least 7 ft. above the roof, 
to eliminate the hazard of someone walking into 

them. 

Masts taller than 12 ft. are assembled by 
fitting two or more standard mast sections to-

gether, telescoped into each other and bolted, as 
explained in Lesson 7. 

Guying the Mast. — Masts taller than 12 ft. 

should be secured with three or more guy wires to 
prevent failure under extreme weather conditions. 
It is important not only that enough guy wires be 

used, but that they be properly spaced around the 

mast, and securely anchored at the right dis-
tances from the mast. Otherwise, forces can be 
developed in the mast, in the guy wires, and on 
the anchor points, that can eaàily cause some-

thing to break. 

We'll give you some rules of thumb for avoid-

ing such failures. But it will be helpful if you 

understand why they are good rules to follow. 
Every antenna installation requires careful plan-

ning, and you are much more likely to plan it 
correctly if you know something about the me-
chanical principles involved. 

Wind Loading. — First let's see what the wind 

does to an antenna mast. Even a light wind 
exerts a force (called the wind load) on the an-

tenna at the top on the mast, tending to push it 
over. In a very high wind, this force can reach 

50 pounds on a conical array — more if the dia-
meter of the antenna has been increased by a 

coating of ice. This force is represented in Fig. 
8-13, by the heavy straight arrow. 

The mast itself acts as a lever. The bending 
force at the base of mast, called a bending 

moment, is equal to the wind force multiplied by 
the length of the mast. Thus, in our example, if 

the wind exerts a force of 40 pounds on the top 

length of most 

force of wind 

bending moment 
of wind 
force r length 

resisting moment 
of most = 
bending moment 

Fig. 8-13 

of a 12 ft. mast, the bending moment is 49 x 12 = 

480 pound-feet. fhis is indicated in the figure 
by the arrow curving to the left about the base of 
the mast. 

The mast and its mount oppose the bending 
moment with an equal and opposite resisting 
moment, represented in the figure by the arrow 

curving toward the right. If the assembly is 

strong enough, the mast stays put. If it is too 

weak to supply a resisting moment equal to the 

bending moment, the mast breaks, or bends ,o 

far that it will not come upright again. 

The important thing to note is that the taller 

the mast, the greater the bending moment at its 
base caused by the same wind force. fhe easiest 
way to reduce this bending moment is to install 

a guy wire part way up the mast, thus: 

force. 40/0. 

to' 

22' ----O•ncling moment. 

40./0400 10-11. 

12' 

try tree 

Fig. 8-14 
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Effect of Guy Wires. — Without the guy wire, 

a wind load of 40 lb. on a 22 ft. mast would cause 
a bending moment of 880 pound-feet at the base. 
With the guy wire, the bending moment is only 

400 lb.-ft., at the point where the guy wire is 
attached. rhe higher up the mast the guy wire 

is attached, the less is the bending moment. 

This raises the question: can the guy wire be 

attached too high? The answer is yes. The mast 
could then be bent too far out of shape below the 

guy wires, as we'll show. 

The wind applies force not only to the antenna, 
but to the mast as well. Depending on where the 
guy wire is attached, the mast tends to be bent 
in one of these two ways: 

Fig. 8-15 

In either case the mast could be permanently 
deformed if it were bent too far. Therefore, in 
the case of tall masts, two guying points are 

used, thus: 

With this arrangement, the mast tends to bend 
in three sections instead of one or two. But all 

the bending moments are much less than with one 
guying point or none. Therefore, the material of 

the mast is able to supply an adequate resisting 

moment, and the actual bending is much less than 
before, as shown by the broken line. 

In practice, of course, the wind Can't be de-

pended on to blow always from the same direction. 

So it is necessary to attach guy wires that will 
resist a wind load from any direction. Looking 

down on a mast with one set of three guy wires, 

you would see something like this: 

this wire stock 

Fig. 8-17 

force 

these two wires in 
tension, resisting 
wind 

This shows that in reducing the bending 
moment acting on the mast, we haven't actually 
"gotten something for nothing". In effect, some 
of the force of the wind is being resisted by the 

guy wires instead of by the resisting moment of 

the mast. The wires and their anchors must of 

course be strong enough that they will not break 

moment about base 

40122 880/b, ff. 

force. 4010. 

force on wire» 
\ ,....—resisling force 

of wire. 1035 lb. 

e' — 

Fig. 8-16 Fig. 8-18 



Guying the Mast 
8-15 

under the force transferred to them. This brings 

us to consider how far from the mast base the 

guy wires should be attached. 

Consider what happens in a 22 ft. mast guyed 

as shown in Fig. 8-18. 

Tension in Guy Wires. — Without the guy wire, 

the bending moment at the base is 889 lb-ft. as 

shown. Even with the guy wire in place, the 

bending moment is still there, but most of it is 

being opposed by the guy wire. The guy wire, in 

other words, is supplying the resisting moment 

about the base. This resisting moment is equal 

to the resisting force of the wire, multiplied by 

the distance d from'the wire to the base. The 

distance d is 8.5 ft. Since this, multiplied by 

the tension in the wire, must equal 880 lb.- ft., 
the tension in the wire must be 193.5 lb. (Actually, 
some of the resisting moment is still supplied by 

the inherent strength of the mast and its mount, 

and the wire tension is correspondingly less. But 

for the sake of simplicity, we are assuming that 

all of the resistance is offered by the guy wire. 

This is actually the case with a flat roof mount, 

which is not fastened to the roof.) 

Now let's see what happens if we move the 

anchor point closer to the mast. If we place it 

7 ft. from the mast, and compute the tension in 

the wire in the same way, we find it has gone up 

to 145 lb. And if we were so foolish as to place 

the anchor point only 2 ft. from the mast, the 

wire tension would be 446 lb thus: 

10/ 

40/0. 401b. 

12 Ilension.4461b. 
' 

Fig. 8-19 

101 

The tension in the last example — 446 lb. — 

is dangerously close to the breaking point of the 

guy wire, which is about 590 lb. And remember 

that the wind load could be greater than the 40 

lb. we have used in the example. Also remember 

that any tension in the wire is passe] on to the 

screw hook to which it is anchored. The anchor 

might or might not be able to withstand this much 

Pull. This all shows that the guy wire should be 
anchored as far as possible from the mast base. 

Spacing of Guy Wires. — Now let's consider 

the matter of how the wires should be spaced 

around the mast. Suppose we have three wires 

spaced equally about a 22-ft. mast, like this: 

60° 

wind force= 40Ib. 
60° 

Fig. 8-20 

Each wire is anchored 14 ft. from the mast. 

But for a wind from the direction shown, the 

effective distance is the distance measured in 

the direction of the wind, from the mast to the 

midpoint of a line joining the two anchor points. 

If the anchor points are equally spaced, this 

effective distance is 7 ft., as shown. Looked at 

from the side, this arrangement would be exactly 

as shown in Fig. 8-19 (a) (one guy wire being 

directly behind the other). The total resistin,r; 

force required of the guy wires would be 145 lb., 

as before. But since there are two wires resisting 

the bending moment, each would carry half the 

load. The tension in each wire would therefore 

be only 72.5 lb. 

Now suppose the wires were not equally 

spaced, as illustrated in Fig. 8-21. Now the 

effective distance of the anchor points is only one 

foot — in spite of the fact that their actual dis-
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14' 

wind force=401b. 

Fig. 8-21 

tance is 14 ft. With this arrangement, the total 

force to be supplied by the guy wires is 880 lb., 

and the tension in each wire is 440 lb. And of 

course, if the wind shifted a little, the load would 
no longer be equally divided between the wires, 

and the tension on one of them might easily go 

above the breaking point. 

The obvious conclusion of all this is, of 

course, that guy wires should be spaced as near-

ly evenly about the mast as possible, and should 

be anchored as far as possible from the mast. No 

one expects you to calculate the bending moments 

and tensions in any installation you make. We'll 

give you some easily remembered rules that you 

can apply in most cases. But you will undoubted-

ly encounter locations where it is difficult to 

follow the rules, as when there are few suitable 

anchor points for guy wires. If you Lave de-

veloped a sense of the underlying principles in-

volved, you should be able in such cases to de-

vise an installation that will hold up. 

Forces on Mast Mounts. — These same princi-

ples apply to other parts of the installation 

besides guy wires. For instance, bending mo-

ments on guy wire anchor hooks should be avoided, 

as shown in Fig. 8-22. 

Or in installing a stand-off wall bracket, the 
principle of moments shows us why it is best to 
get the two brackets as far apart as possible. 
This is shown in Fig. 8-23. 

The bending moment due to the wind load acts 
about the upper bracket as shown. For the wind 
direction shown, it acts to push the upper bracket 

Fig. 8-22 

ro' 

don't do MI.; screw is 
weak al threads, and 
will bend or break 

do this, if screw can't 
be put all the way In, 
line up screw with 
guy wee 

best of ad, sink the 
screw all the way in 

force 20 lb. 

max bending moment 
on upper bracket 
20 x10 = 200 lb. ft. 

  force = 120 lb. 

-L force = 100 lb. 

Fig. 8-23 

in toward the wall with a force of 120 lbs., and to 
pull the lower one out, with a force of 100 lbs. 

For the opposite wind direction, the revere is 

true. Notice that the further apart the two brackets 

are mounted, the less is the force tending to pull 

one bracket away from the wall. 

But there are other moments acting on the 

brackets, due to the weight ot the mast and an-

tenna. 

Since the forces of weight and wind add, the 

total force tending to pull out the top screws of 
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the lower bracket is (for the figures shown in the 

example), 100 + 18 = 118 lbs. — nearly 6 times 
the wind load, or 10 times the weight. 

this point pulls out 
force= 18 lb 

moment= 
12 lb. ft 

d-1' 

Fig. 8-24 

weight of 
most = 121b. 

If we were now tó consider the effect of a 

wind coming from a direction at right angles to 
that shown in the figure — that is, blowing parallel 
to the wall still another set of moments would 

come into 1-,eing, tending to wrench the brackets 
from the wall by bending them sideways. We 

won't bother to analyze this situation. The main 

point is that relatively light loads can, by reason 

of the way a mount is installed, exert very large 
forces that tend to undo your best efforts. See 

to it that they don't succeed. 

Now let's get back to guy wires, and consider 

the practical rules for their proper installation. 

When Guy Wires are Needed. — Masts 12 ft. 

high or less do not require guy wires, unless they 

are installed on a flat roof with a mount that can-

not be fastened to the roof. A single set of guy 

wires is requires for masts taller than 12 ft. and 

less than 24 ft., regardless of the type of mount. 

Masts from 24 ft. to 34 ft. require two sets of guy 
wires. Masts taller than 34 ft. require three sets 

of guys. When it is desired to install masts 
higher than 44 ft., special towers are needed. At 

present, it is standard practice to have tall 

towers erected by sub-contractors. 

Number and Spacing of Guy Wires. — Each set 

of guy wires must contain at least three wires. 

Occasionally four wires are used. The wire 
should be spaced as evenly as possible around 

the mast. The number of wires to be used is 

determined by the position of suitable anchoring 
points on the building structure. Usually, three 
wires are sufficient for each set of guys. ( The 

number of sets, of course, depends on the height 

of the mast.) For two sets of guys, six wires are 
sufficient. Preferably, the wires of the second 
set are anchored approximately midway between 

the anchoring points of the first set. This dis-
tributes the stress among more anchoring posi-

tions. Where sufficient suitable anchoring points 
are not available, it may be satisfactory to anchor 
both sets of guis on the same screw hook. But 

this arrangement is not as firm as when the two 
sets of guys are anchored at different points. 

Details of a typical installation are shown in 
Fig. 8-25. The 33-ft. mast shown is made up of 

three 12 ft. sections telescoped into each other. 

The lower section is 1-7/8" outside diameter 

tubing into which a 1-5/8" section is telescoped 
to a depth of 1 ft. The upper section of 1-3/8" 
tubing telescopes into the second section to a 
depth of 2 ft. In the installation process, holes 

are drilled into the telescoping sections and 
bolts inserted, two in each joint at right angles 

to each other as shown in Fig. 7-6, ro form a 
firm joint. The constructional dimensions are 

shown in the figure. A complete explanation of 

the method was given in Lesson 7. 

Since the installation shown in Fig. 8-25 uses 
a 33 ft. mast, it is supported by two sets of guy 
wires. These wires are held in place at the mast 

by guy rir,gs slipped over the upper sections of 

mast to rest on the lower sections of the tele-

scoped joints. Two different size guy rings must 
be used. One has an inside diameter a little 

greater than the outside diameter of the center 
section of mast, 1-5/8", so that it can be slid 

over this section to rest on the lower section of 

mast. The second guy ring is somewhat smaller, 

so that it can be slid over the 1-3/8" diameter 

upper section of mast, to rest on the 1-5/8" mast 
section. The lower guy ring must be put in posi-
tion before the upper section of the mast is 

fastened, since it cannot be slipped over the 
bolts. The guy rings can turn freely, permitting 

the guy wire to be positioned properly in the 
process of erection, and also allowing the mast 
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Fig. 8-25 

to be turned later for the proper orientation of 

the antenna. 

Each guy ring has six holes, so spaced that 

either three wires or four wires may be equally 
spaced and fastened around the ring. 

Location of Anchoring Points. — In order to 

hold the mast most securely, and reduce the danger 
of the guy wire anchors being pulled out of their 
fastenings, the anchoring points must not be too 
close to the base of the mast. A safe rule to 
follow is to place the anchors at a distance from 

the base of the mast such that the length of guy 

wire, when in place, will not be more than twice 

this horizontal distance. That means that the 
guy wire would form an angle of at least 30 
degrees with the mast. If the anchoring points 

were in closer to the base of the mast, the angle 

of the guy wire with the mast would be sharper, 

and any movement of the mast, due to wind, 
would exert a greater force or pull on the guy 

wires and on the points where they are anchored. 

In such a case, too much stress could be placed 
on the anchors, causing them to be pulled out of 
their fastenings, and the mast to fall. 

The selection of suitable anchoring points 

can be a difficult problem, since the anchors must 
be fastened securely in the building structure, 

and must be far enough from the base of the mast. 
f he preferred locations are the building parapet, 

or a projecting rafter, or the end rafter at the slop-
ing end of the roof. If at all possible, do not 

anchor directly onto the roof. Where no other suit-
able anchoring point is available, and it becomes 

necessary to fasten one or more anchors through 

the roof covering, the hole in the roofing must be 
carefully sealed by generous applications of 

roofing compound. 

On a wooden frame building, it may be con-

venient to fasten the anchor on a rafter or stud 

at the edge of the roof or the eaves; but, in such 
a case, stay clear of rain gutters and copper roof-

ing or flashing. Also keep in mind that the guy 
sires must not be placed in such a position that 
they become a hazard to anyone having legitimate 
business on the roof. They must not obstruct 

passageways, doors or fire exits. 

Installing Guy Hooks. — When suitable anchor-
ing points on the building structure have been 
decided on, guy hooks are placed in position, by 

screwing either into a wooden structure or into a 
lead expansion shield installed in brick or con-
crete. Knowing the position of the anchor hooks 

and the position of the mast, it ;s possible to 

estimate the lengths of guy wire needed. 

Estimating Length of Guy Wire. — The right 

triangle relationship shown in Fig. 8-26 ( a), il-
lustrates the calculation required. The square of 
the length of the slanting side is equal to the 
sum of the squares of the lengths of the other 

two sides. 
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Fig. 8-26 (a) 

For example, if the guy wires are fastened 12 
ft. above the base of the mast, and the distance 
from mast to the anchor point is 10 ft., then the 

length of the guy wire when in place must be 

/122 + 102 = 1144 + 100 = /27= 15.62 ft. If 

figuring square root is difficult, a safe short cut 

is to figure the average of the vertical and hori-

zontal distances, and multiply it by 1.4. In the 

example, the average of 10 and 12 is 11, and 
11 x 1.4 gives 15.4 ft. as the length of the wire. 
However, if the anchor point is very far from the 

mast, the wire length will be a little more than 
the horizontal distance. Also, if the mast is 

mounted on a sloping roof, you must estimate the 

vertical rise of the roof, and add this to the 

height of the mast up to the guy ring to get the 
total vertical distance for your calculation, thus: 

i »eight 
} 

a ring 

vertical 1 
total 

distance rise 
4 of 

roof 
i  i 1 

i   

[., horizontal 
distance 

Fig. 8-26 ( b) 

When the wire is cut from the coil, it is neces-
sary to cut about 3 or 4 ft. more than the calcu-
lated length, in order to allow for fastening the 
wire and securing the turnbuckle, and also to 
make sure that the length is not cut too short. In 
the above case, you should cut a length of approxi-

mately 20 ft. of guy wire. 

Fig. 8-27 

Fastening to Mast. — Figure 8-27 shows how 

the guy wires are secured to the guy ring. This 
is done with the guy rings in position on the mast, 

before the mast is raised. The wires are threaded 
through the proper holes in the guy ring, and over 

thimbles which prevent fraying or breaking of the 

wires. Cable clamps hold the wires together just 
below the thimbles, to form a tight bond with no 

slippage. As an added precaution, the wire is 
looped to form one or more half-hitch knots, and 
then the end of the wire is taped to form a neat, 
finished job. 

When all the guy wires have been properly 
fastened to the guy rings, the anchor hooks in-

stalled, the transmission line stand-offs attached 
to the mast, and the line connected to the an-

tenna terminals and threaded through the stand-
offs, the completely assembled mast and antenna 

are ready to be raised. The fastening of the guy 

wires to the anchor points, and the adjustment of 

the turnbuckles, is of course done after the mast 
is raised, and will be discussed in the next 

section. The connection of the transmission line 

and stand-offs will be explained in Sec. 8-6. 

ERECTING AND SECURING THE MAST 

8-5. The assembly of the mast and antenna — 

including the attachment of the transmission line, 

the stand-offs and the guy wires — is usually 

done on the roof. Where that is not practical, it 

is done on the ground in a position where the 
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whole assembly can be readily hoisted to the roof. 
The raising of the antenna assembly on the roof 
can be greatly aided by the use of a bracket in-

corporating the mast raising swivel. Where such 
a bracket is not used,the raising of a tall mast 
is more difficult. 

Raising the Mast. — We have already discussed 

how to raise a tall mast with its swivel. Whether 
the swivel is used or not, the base must be held 

firmly while the mast is being raised. If the 
swivel is not used, it is frequently desirable to 

lash the base of the mast to the chimney or to the 
mount. Another thing to note is that, to prevent 
the mast from moving beyond the vertical, and 
falling over, or to one side, it is good practice to 
fasten the ends of the guy wires temporarily as 
safety wires,in the direction from which the mast 
is being raised. 

With the mast raised to a vertical position,the 
upper support of the mount (either pipe strap, U-

bolt and fish plate, or other means) is temporarily 
fastened to hold the mast while the raising 

swivel (if used) is removed. The base of the mast 

is then dropped to its correct position on the 
mount, and the lower support on the mount is 
fastened. The mast is now held firmly enough 
by the mount so that the installation man can 

safely leave it and go ahead with the fastening 
of the guy wires. 

Anchoring the Guy Wires. — The method of 

securing the guy wire to the supporting structure 
is shown here: 

Fig. 8-28 

The guy hook has already been installed as 

previously explained. The guy wire is not fasten-
ed directly to this hook, but is tied onto a turn-
buckle, which fastens to the hook as indicated. 

The turnbuckle screw eyes should first be turned 
to the maximum extended position to allow for 

later tightening. Then the guy wire is fastened 
to one eye of the turnbuckle by the use of a 
thimble and cable clamp, in the same manner as 

already explained for the fastening at the guy 

ring, except that a couple of feet of wire is left 

for threading through the turnbuckle. 

Adjusting the Turnbuckles. — When all the guy 

wires have been fastened to their anchor supports 
through the turnbuckles, the position of the mast 
is checked from all sides to be sure that it is 

vertical. Then the turnbuckles are tightened to 
take up any slack. It is important to remember 
not to put too much tension on the wires. If the 
wire is too tight, unnecessary stress is placed on 

the anchor, which may cause it to be loosened 
from its support. 

When all turnbuckles have been adjusted to 
tighten the guy wires properly, they are fixed in 

position by threading the end of the wire through 
the body of the turnbuckle, as shown in Fig. 8-28. 

A half-hitch knot is first made at the cable 
clamp. The wire is then threaded through the 
body of the turnbuckle, then through the lower 
screw eye. Then it is wrapped around the guy 
hook with one or two turns to hold it securely, 

then back through the turnbuckle body in the op-
posite direction, and through the upper screw 
eye. Two half hitches are made to hold the wire 
tight, and the end is taped to make a finished 

looking job. When properly done, this makes a 
tight, safe connection that prevents the turn-

buckle from loosening. 

It is still possible to turn the mast for orienta-
tion purposes. The final tightening of the mast is 

done at the mount when orientation adjustments 

are completed. This is done by tightening up the 

pipe straps or the U-bolts on the mount. 

INSTALLING THE TRANSMISSION LINE 

8-6. As previously mentioned,the transmission 
line must be connected to the antenna terminals 

before the mast is raised. It is not practical to 

make soldered connections outdoors or up on the 

roof, but a good electrical and mechanical con-
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nection is necessary. This is done by the use 
of an approved type of antenna lug. 

Connecting to the Antenna. — The connection, 
though simple, deserves some explanation. The 

method of connecting the lug to the transmission 
line is like this: 

------- ----

Fig. 8-29 

A cut is made in the insulation between the 

conductors at the end of the transmission line, 
to separate the conductors. The cut should not 
be made longer than about 5 inches. About 2 

inches of the end of each wire is then stripped 
as shown in the figure, and the wire is carefully 
cleaned to prepare it for connection to the lug. 

The bare wire is then wrapped around the lug to 
make a good mechanical and electrical connection, 

and the end of the lug is crimped to hold both the 
loose end of the wire and the insulation. As 
shown, tile lug has two rings joined together. The 

loose ring is bent over the part that crimps the 

insulation and holds the end of the wire, so that 
the wire (wrapped around the hole in the lug) will 
make good electrical connection to metal on both 
sides of the lug. 

With the two lugs installed, one for each wire 

of the transmission line, the lugs can then be 

slipped over the terminals on the antenna. A 
good mechanical and electrical connection is 

formed when the lockwashers and nuts are tighten-
ed in place. 

A proposed method is to use Stakon lugs which 
are attached to the transmission line with a 

special crimping tool. 

Since the line must carry a high frequency 
signal from the antenna to the input terminals of 

the receiver with as little attenuation or signal 
loss as possible, it is necessary to route and 
support the transmission line in such a manner 
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as to minimize loss and keep the signal clean. 
To reduce signal loss, the line must be kept away 
from any conducting surface. To be on the safe 

side, it is held away from the mast and the build-
ing wall by insulated stand-offs,suitably spaced 
along its length. 

Installing Stand-offs. — Since the stand-offs 
support only the transmission line, which is quite 

light, no great mechanical strength is necessary. 
Therefore, types of stand-offs have been develop-

ed which are easily and quickly installed. 

For the mast, there are wire stand-offs which 
can be slipped around the mast and tightened in 

place merely by crimping a wire link. Installed, 
they look like this: 

Fig. 8-30 ( a) 

The best procedure is to put the wire link in 

place before slipping the stand-offs over the mast. 

The stand-off is positioned and tightened in 
place when the transmission line is installed. 

For the building wall, either wood, brick or 
concrete, the approved method is to use screw-in 
type stand-offs, with or without Rawl plugs. 

Since there is very little stress placed on 

them, these hold the line firmly in place. " Nail-
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it" type stand-offs are available for special 
situations, but the approved general purpose type 

is the screw-in type described above. 

Fig. 8-30 ( 14 

the line is insulated from the metal stand-off 

by means of a rubber grommet or, a more recent 

development, a polyethylene grommet. These are 

shown in Fig. 8-30 (a) and ( b), above. The line 

is slipped into a slot in the grommet, which is 

then slipped in place in the small ring at the end 
of the stand-off, and the ring is crimped to hold 
the grommet and line firmly. In the ease of the 

rubber grommet, a tight fit is formed by forcing a 
rubber plug into the grommet after the line has 

been inserted. The plug fits and holds better if 

it is moistened before insertion. 

Routing the Transmission Line. — In routing 

the line, it is best to keep the line as incon-
spicuous as possible. Run it straight down a 

wall, not sloping or draped. Keep it away from 
fire-escapes, safety ladders, rain gutters and 

other metal surfaces. Avoid horizontal runs of 
the transmission line, if possible. If it is neces-

sary to run the line horizontally, keep such hori-

zontal runs short. Long lengths of line, running, 
horizontally, frequently pick up unwanted signal 

or noise which interferes with the television 

picture. 

In suburban homes, it is desirable to run the 
line down to the basement and then up through 

the floor to the receiver location. This is not 

practical in a large apartment house, of course. 
In such cases the line is run down to the proper 

floor and brought in through the window casing. 

It is important to protect the line from ab-
rasion at any point where such danger exists. 

This is done by slipping a length of loom or vinyl-
ite tubing over the line to cover the section 

where abrasion may be encountered. This is done 

where the line passes over the eaves of the roof, 
over the parapet, around the corner of the build-

ing, and where it enters the building. 

While it is necessary to avoid slack in the 
line, the line should not be pulled too tight, since 

some allowance should be made for possible 

contraction and expansion during variations of 
temperature. The proper procedure is to twist the 
line so that there are about three twists between 

stand-offs spaced about two floors apart (on an 

apartment house). This has the added advantage 

of keeping both conductors equally balanced to 

ground. 

The line is brought into the building by drill-

ing a 7/16" hole through the window casing ( if a 

suitable opening is not already available), with 
the hole drilled downward toward the outside so 
that no water can seep in when it rains. The line 
is run through the hole, and both ends of the hole 

are plugged with plastic wood to waterproof the 
opening, and make a neat professional appearing 
job. Where possible, this entry is made through 
a cellar window, and the line is then carried 

across the cellar ceiling and up through the floor 

to the receiver. 

To protect the installation from possible 
damage from accumulated static charges, a suit-
able lightning arrestor must be connected to the 

transmission line. Connection should be made 
indoors at the nearest suitable place to the point 

of entry. This will be studied in the next section. 

LIGHTNING ARRESTOR AND MAST GROUNDING 

8-7, To protect antenna installations from 
direct lightning strokes and accumulation of 
static charges, paths must be provided to carry 

such electrical charges to the earth. This re-
quires the use of lightning arrestors on trans-
missior.1 lines, and in many cases, the grounding 
of metal masts. On coaxial lines, in which the 
outer conductor is grounded, lightning arrestors 

are not needed. 
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Experience has shown that there have been very 
few cases in which damage has resulted from light-
ning when the installation has been properly 

made. In some cases, lightning struck the mast 

and was returned to earth through the aluminum 
grounding wire. In other cases, the lightning 

struck the antenna elements and followed two 
paths to earth. One path consisted of a flash 
across the cross arm to the mast and then to 

earth, while the other path was down the trans-
mission line, through the lightning arrestor to 
earth. The damage to the antenna, line and 
arrestor in these cases was unbelievably slight. 

When proper protection is provided, there is 

very little danger of damage to the receiver. Even 
a direct lightning stroke would damage only the 

antenna coil. 

There has been some controversy in regard to 

the need for grounding the mast. In areas where 

lightning rods on the building or nearby taller 

buildings furnish protection against direct light-

ning stroke, it is not considered necessary to 
ground the mast. In areas where there is danger 

of direct hit by lightning,it is best to ground the 

mast. Through experience,the needs of specific 
areas are fairly well defined. The established 

practice is to ground the antenna mast wherever 

such grounding is required by local codes or ordi-
nances, and wherever local practices make it 

advisable. 

Nature of Lightning. — To understand the need 

for adequate lightning protection, let us review 

briefly the nature and characteristics of lightning. 

All of us have seen electric sparks fly at one 

time or another. For instance, shorting the termi-
nals of an automobile battery momentarily will 
produce a rather impressive spark. The spark 

occurs because there is an excess of electrons 

at the negative terminal of the battery and a 

deficiency of electrons at the positive terminal. 

The excess electrons would like to get to the 

positive side,if given a chance. When you momen-
tarily short the battery you give them that chance, 

and the resulting spark is the effect of the excess 
electrons jumping over to the positive terminal of 
the battery. 

'The accumulation of the negative and positive 

charges on the terminals of the battery results 

from a chemical action, but there are other ways 

in which charges can be built up. For example, 
when you walk over a rug on a dry day, the 

friction of your shoes against the rug results in 
your picking up an electrical charge. It may not 

be much of a charge, but when you put your finger 

close to a metal door knob you can feel a slight 
shock and see a tiny spark. Here we have a 
very 'simple case of the accumulation of an elec-

trostatic charge and its discharge. 

Much the same thing happens in a lightning 
discharge,but on a really grand scale. During an 
electrical storm, a cloud may accumulate an ex-
cess of electrons. In time,the cloud may build up 

a negative potential of millions of volts with re-
spect to the earth. This tremendous excess of 

electrons would like to jump to the earth, and will 

actually do so when the potential difference is 

sufficiently great. The leap of the electrons from 
cloud to earth is what we observe as a lightning 

discharge. Under some conditions,the earth might 
be negative with respect to the cloud and the 

leap would then be from earth to cloud. 

Whichever direction the electrons travel, the 

effects are the same. When the lightning travels 

from cloud to earth it attempts to enter the earth 
at the place of best conduction, or least re-

sistance to its travel. This may be the bare earth 

or a tree, or it may be a metal fence or a tall 

metal pole. If all of these are present in the 

same vicinity, the chances are that the lightning 
will strike the point of greatest elevation, parti-
cularly if it is a reasonably good conductor. 

Hence the use of lightning rods on buildings. The 
charge is drawn off through the lightning rod,and 
is conducted to earth by suitable wires or the 

metal frame of the building. What happens if a 
rod (or mast) is on top of a building without suit-

able ground connections? In this case, the light-

ning stroke must pass through part of the build-

ing on the way to earth. This may cause struc-

tural damage and fire. If the rod or mast were 

suitably connected to earth through a low re-
sistance conductor, damage would be reduced — 

usually to a negligible amount. 

Even if a direct stroke does not hit the mast, 

a large static charge may build up on it, if in-
sulated from earth. For example, in an 8 foot 
mast which is not grounded, it is possible to 
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build up a static charge ot 30,000 volts or more 

from an electrical storm as much as 3 miles 

away. Touching such a charged mast could 

produce a severe shock. 

To reduce the effects of static charges on the 
antenna elements and transmission line, a light-

ning arrestor is installed near the receiver end 

of the line. One of the approved types of ar-
restors is the indoor type, 4206X1. If an arrestor 

must be located outdoors, it must be completely 
water-tight, since any moisture might provide a 
conducting path,and attenuate the signal to the 
receiver. Outdoor arrestors should be avoided,if 
at all possible. But if you must use one, the 
Brach type ? 4004 arrestor is suitable. 

The Lightning Arrestor. — The lightning 

arrestor which is approved for indoor installation 
is type 206X1, shown below: 

Fig. 8-31 

The type 206X1 lightning arrestor is a moulded 

plastic device which comes with an attached 
ground strap fitted with a nut and bolt arrange-
ment for easy and convenient mounting. It is 
designed for use with the parallel wire trans-

mission line. A coaxial line usually does not 
require a lightning arrestor. 

A button type resistance element in the base 

of the arrestor provides a means for draining 
static charges which might otherwise build up on 

the transmission line. This measures a minimum 

of 30,000 ohms across the conductors of the 
transmission line. A spark gap arrangement con-
sisting of two conductors separated by an air gap 

provides a path across which an excessive charge 

can pass to ground. If lightning should strike 

the antenna or line, .the charge will jump this 
gap. The arrestor would be damaged and have to 

be replaced, but it would protect the receiver 

from damage more serious than a burned out coil. 

The lightning arrestor is installed in the 

following manner: 

1. Locate an inside cold water pipe nearest the point 
where the transmission line comes into the building. 
In private dwellings this will usually be in the 
basement. If a cold water pipe is not available, 
ground to the earth by the use of a suitable long 
metal stake driven all the way in, or to the steel 
structure of the building, if exposed. As a last re-
sort, use the hot water or steam pipes. 

2. Whichever grounding is used, be sure to scrape or 
sandpaper a short section very thoroughly to re-
move any paint or corrosion, and provide a good 
electrical contact. 

3. A long perforated strap is provided with the arrestor. 
The strap is designed to fit any pipe from 1/2 inch 
to 2 inches in diameter. Wrap the strap around the 
pipe tightly, so that the holes in the strap match, 
but do not touch. Insert the screw through the 
matching holes, put on the nut,and draw up tightly, 
to secure a good connection. Don't be too rough 
about it though, ,because you might break the strap. 

4. Unscrew the top cap and remove it from the arrestor. 
This arrestor is specifically designed to match the 
300 ohm transmission line, or any other flat line 
with a conductor spacing of 0.3 inch. It will not 
be suitable for any shielded type lines. 

5. Place the transmission line flat in the open slot of 
the arrestor. The sharp points should be aligned 
with the conductors. 

6. Replace the top cap and screw it on tightly (hand 
tight). This will force the sharp points into each 
conductor, and make positive contact to the line. 

There have been some instances where ar-
restors have been mounted on the antenna cross 

arm or antenna mast. This•is poor practice since 

it does not protect the transmission line and 
receiver, and it is not approved by the Under-
writers. In general, outdoor installation of light-

ning arrestors should be avoided,since they are 

not 100% waterproof. Wherever possible, use the 
type 206X1, following the procedure outlined 
above. 

INSTALLATION PRECAUTIONS 

8-8. In putting any structure on an existing 
building, the structure installed must not be a 
hazard to persons or property, and care must be 
exercised that the building is not damaged during 
the installation. Fire Underwriter Regulations 
and Building Code requirements are very specific 

about these points, and anyone who violates them 
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can get into plenty of legal hot water. 

Specific items requiring particular care in an 
antenna installation are: ( 1) prevention of per-
sonal injury to others; (2) possible damage to 
roof, chimney or building frame; (3) possible 

damage to the building wall, the grounds, or other 
property of the customer; and (4) possible damage 

from electrical short circuits or lightning. 

The Safety of Others. — Even more important 

than avoiding damage to property is preventing 
personal injury to others. During the installation, 

the utmost care must be taken to insure that 

nothing falls from the roof. At no time should 
any tools or materials be left in a position where 

they could fall or accidentally be pushed off the 
roof. Check carefully to see that the finished 
installation is secure, and that a safety wire is 
installed where required. 

The safety wire consists of a suitable length 
of guy wire securely fastened to the mast at a 

distance of about one-fourth of the way down from 
the top of the mast. 

Any installation in which the antenna is di-

rectly over or close to a public thoroughfare re-
quires the addition of a safety wire to safeguard 

people below in case the antenna mounting fails. 
A public thoroughfare may be a street, sidewalk, 

alley, or other passageway through which the 
general public passes, or may have access to. 

The private driveway of a private house would not 
be considered as a public thoroughfare; therefore, 

an antenna mounted so that it might fall on such, 
private driveway, does not require a safety wire — 
but it is still a good idea to add it. Of course, 

where an antenna is mounted in such a way that 

in case of failure it would fall onto an adjacent 

flat roof, there is usually no need to add a safety 
wire. However, there are localities in which 
safety wires are required on all unguyed masts; 
for example in areas where hurricanes occur. In 

other localities, it is required to mount masts at 
least as far from the edge of the roof as the mast 
is tall. 

The safety wire is fastened by wrapping it 

tightly several times around the mast and securing 
it with a cable clamp. It is important that the 

safety wire be wrapped tightly to prevent any 
slippage in the event that the mounting fails. The 
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safety wire is secured to the roof by a guy hook, 
suitably fastened into wood, brick or concrete,as 

the case may be. Two typical installations which 
illustrate how and where safety wires are used 
are shown below. 

Fig. 8-32 (a) 
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Fig. 8-32 ( b) 

Figure 8-32 (a) shows an antenna installation 

on the side of an elevator penthouse which is 
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close to the edge of the roof. Note that the safety 

wire is tied back to the top of the penthouse. Of 
course, if the penthouse was far enough away 

from the edge of the roof, no safety wire would 
be required. In that case, die antenna would fall 
on the flat roof,where it would stay. 

In Figure 8-32 (b) the antenna is shown mount-
ed on the inside of a parapet wall. In this case, 

the antenna could fall over the edge of the roof; 
therefore; a safety wire is required. The best 
place to secure the wire is also to the inside of 

of the parapet wall. 

Possible Damage to Roof, Chimney or Building 

Frame. — The possibility of roof damage,and the 
legal problems involved were studied in Lesson 5 
as an important factor in customer relations. 
Always keep in mind the need for a careful in-

spection of the roof before an installation is at-

tempted. If the roof is not in good condition, 
stay off it. If you have any doubts, make sure 
before you proceed. It may be necessary to 

get a written release from the customer. In any 

case, carefully note any roof defects on your job 
card. This can be useful for later reference. 

Weak or defective chimneys are hazards to 

watch out for. A chimney may look strong, but the 

mortar may be so poor that any attempt to work on 
it may weaken the structure. The installation of 
a pipe strap and spacer block mount on such a 

chimney would be a real hazard, since the weak-
ened bricks could be pulled out in a strong wind. 
The hazard is eliminated to a great extent by the 

use of the chimney strap type of mount; but even 
this type mounting should not be used on a 

chimney that shows any sign of structural weak-

ness. 

When installing a mount on a building with a 

wooden or veneer wall, see that as many of the 

lag screws as possible are firmly fastened 
fastened into the studding. If this is not done, 
the lag screws may pull out, causing damage to 
the antenna installation and to the building. As 
explained in Sec. 8-4, a wall bracket has a 
tendency to pull away from the building at the 

top and is pushed against the wall at the bottom. 

Therefore, the bracket should be mounted as 
shown in Fig. 810 (a). Eich bracket is secured 

by three bolts, two at the top and one at the 

bottom. This is the proper procedure, since it is 

more difficult to anchor firmly the top bolts, 

which are subjected to a force tending to pull 

them out from the building. By dividing this 
force between two bolts, the resulting pull on 

each is reduced. 

Trouble frequently develops when the guy 
hooks to anchor the guy wires are not properly 

seated. They can pull loose and cause damage 
to the installation and the roof. Any lag screws, 

guy hooks, bolts or lead anchor bolts or shields 
which are put under tension must be firmly seated 

in the building structure so that they will not pull 
out under storm conditions, loosen or cause leaks. 
Choosing a good location for these anchors, 

seating them firmly so that they hold in the build-

ing frame (not just in the outer covering of roof 

or wall), and filling the edges of holes and screw 
threads with suitable sealing compound, all help 

to prevent trouble from developing. 

Care of Walls, Grounds and Customers' Pro-
perty. — Take every possible precaution to pre-
vent damage to the customers' property. That 

requires giving attention to a lot of things that 
may seem trivial, but could add up to a lot of 
t rouble. 

Here are some typical examples of things to 

watch for: 

1. On the customers' grounds, keep to regular paths. 
Of course, you know better than to step on flower 
beds, but in the early Spring you cannot easily 
distinguish the location of such beds, and may 
cause damage to growing shoots. Along the same 
lines, watch out where you set up a ladder. 

2. In setting up a ladder and leaning it against the 
building wall, be careful not to scratch the wall 
with sharp ends of the ladder. Where this danser 
exists, wrap the top ends of the ladder rails with 
burlap or some other material that will protect the 
wall. 

3. Be careful where you place antenna installation 
materials and tools. Of course, you will avoid 
flower beds, but watch out for possible damage to 
hedges, lawns, fences, windows and building walls. 
Above all be careful not to place anything in a posi-
tion from which it may fall. 

4. In the customer's home make it a practice not to 
move furniture or other customer property without 
first asking and receiving permission. It is amazing 
how touchy people can get about a dilapidated 
antique or a pet vase. 

5. That brings up another touchy point. Don't sit 
down in the customer's home. You've got more 
sense than to soil the living room furniture with 
dirt from your work clothes or that tracked in from 
the roof or the outside, but the customer is never 
quite sure of that. 

Provisions of the National Fire Underwriters 

and the Local Building Codes. — These Codes 
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are designed to prevent structural or electrical 

installations that could develop into fire or safety 
hazards. While very little reference, if any, is 

made to television installations in these Codes, 
all regulations for radio or electrical installations 

would also apply in the installation of a television 
antenna and receiver. 

Basically, these codes require a sound, sturdy 
construction for the addition of a mast or antenna 

to an existing structure. It is necessary to auoid 
any possible contact with existing power lines, 
and to keep antenna elements, wires, etc. from 
obstructing a fire escape or safety ladder, or 
otherwise presenting a potential safety hazard. 
Adequate provision must be made, through light-
ning arrestors, grounding and approved methods 

of electrical installation, for the prevention of 
fire or lightning damage. 

Building Code requirements vary considerably 

throughout the country. But most codes follow 
closely the basic provisions of the National 

Building Code Manual. The provisions that apply 
to antenna installations were printed in Lesson5. 

They are important enough to be repeated here: 

RADIO MASTS AND POLES 

"(A) No part of any radio equipment shall be erected 
in, on, or across any public street, avenue, road, 
highway, or other public space, and no wire in con-
nection with, used or intended to be used for radio 
reception shall be, when erected or in the course of 
erection, either over or under or within 10 feet of any 
electric light or power line. 

(B) No wire, mast, guy or support, for any wireless 
aerial shall be attached or strung over any fire escape 
or fire ladder, nor shall any radio antenna which 
crosses the roof of any building be at an elevation of 
less than 7 feet above said roof. 

(C) No pole or mast, guy or support for any wireless 
aerial shall be placed in any soil stack, vent pipe, or 
other plumbing appurtenance. No pole or mast, on a 
roof of a building and exceeding 20 feet in height, shall 
be erected without approval of the inspector of build-
ings; a sketch showing the dimensions, and proposed 
method of securing such pole or mast shall be sub-
mitted." 

The need for avoiding possible contact with 
electric power lines is obvious. The real danger 

lies in the possibility of either the antenna or the 

power lines being blown down in a storm. The 
spacing must be sufficient so that even when 
such a breakdown occurs, there shall be no 

danger of a short circuit developing. Similarly, 

you do not want the antenna structure in a posi-
tion over any public space where its failure or 
fall would endanger anyone. 
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The National Board of Fire Underwriters is 
particularly concerned about any conditions that 
could contribute to the danger of fire,or present a 

hazard to the occupants or firemen if a fire should 

occur, possibly_ through other causes. All fire 
escapes and safety ladders must be kept clear at 

all times. Any wires or antenna elements less 

than 7 feet above the roof could be a serious 
hazard to firemen, particularly at night. 

The provision that masts, guys or supports are 
not to be placed in a soil stack, vent pipe or other 

plumbing appurtenance, needs particular em-
phasis. There are two reasons for that provision. 
First of all, masts and guys should be mounted 

firmly on the building structure. Vent pipes and 
plumbing appurtenances are not part of the struc-
ture of the building. In addition, anything at-
tached to them could interfere with their proper 

function. This is particularly true if something 
is placed in them. 

The Building Code provision for protection 
against lightning reads essentially as follows: 

"Each conductor of a lead-in from an outdoor antenna 
shall be provided with a lightning-arrestor approved 
for the purpose, except where the lead-in. conductors 
from antenna to entrance to building are protected 
by a continuous metallic shield which is permanently 
and effectively grounded. Lightning arrestors shall 
be located outside the building or inside the building 
between the point of entrance of the lead-in and the 
set, and as near as practicable to the entrance of the 
conductors to the building. The lightning arrestor 
shall not be located near combustible material nor in 
a hazardous location. 

The grounding conductor (from the mast and/or the 
lightning arrestor) shall be securely fastened in 
place, and may be directly attached without the use 
of insulating supports.... It shall be run in as straight 
a line as practicable from the equipment to the 
grounding electrode.... The grounding conductor shall 
be connected to a grounding electrode consisting of 
a water pipe, driven pipe or rod or buried plate.... 
The protective grounding conductor for receiving 
stations shall not be smaller than * 14 copper., or 
copper clad steel or bronze, or * 12 aluminum wire. 
.... It is required that any electrical work done shall 
be performed by, or under the supervision of a master 
electrician. This work includes the wiring of any 
type outlet for receiver operations." 

The provision that supervision by a master 
electrician is necessary for electrical work, refers 
to the direct connection of wiring or outlets to 
the regular electrical circuits. It does not refer 
to the plugging in of a receiver to an outlet al-
ready installed, or the placement of lead-in wires 
or extension cords in a television receiver in-
stallation. 
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These Code provisions are specific, and should 

be closely followed. Remember that your instal-
lation is subject to inspection by the local build-

ing inspector, particularly where a tall antenna 
or electrical wiring changes are involved. 

Where there is any question about the local 

Building Code requirements for an installation, 

check carefully before proceeding. 

Your Own Safety. — Essential as it is to avoid 
damage to the customer's property, and danger to 

others, it is also necessary that you prevent in-
jury to yourself. Installing television antennas 

can be a hazardous job. Practically all of the 
accidents that do happen, however, are prevent-
able, if the common sense rules of safety are 

observed. 

Your company is far more interested in the 
installation man's safety than was the customer 
in the following true story. A two-man team was 

installing an antenna on the roof of a two story 

house with a steeply pitched peak roof. One man 
had put up a ladder at the rear of the house, 

where it came just above a newly installed gutter. 
While his team mate was getting supplies from 

the truck out in the front of the house, he climbed 
the ladder and started up the roof. He slipped, 

and slid back to the gutter. His foot struck the 
the ladder, knocking it to the ground. He slid 
further, until he was hanging by his hands from 
the gutter. As he was yelling for his partner to 

come and replace the ladder, the owner of the 
house — an elderly woman — looked out the back 
door, saw the installer dangling from her new 

gutter, and shouted: "Young man, let go of that 
gutter this instant, before you break it!" 

Like most accidents, this one was prevent-
able. For one thing, the ladder should not have 

been leaned against the gutter, and should have 
been set with its feet further out from the build-
ing. For another, the man should have used a 

safety rope in getting up the steep roof. 

Safety on the Roof. — Working on a roof can 
be as safe as any other place, if you know what 
you are doing. But, you must always know what 

you are doing. The first problem is to get up on 
the roof. That could be by means of a ladder 

place outside the building, or through a hatch-
way inside the building. Both are safe enough 

when you are careful; but accidents have happened 

to those who forgot to be careful. 

Wearing the right kind of shoes and clothes 

can help. It is best to wear gumsoled shoes, or 

to wear your rubbers, for roof work. All clothing 
should be kept snugly fitted to the body. Tool 

belts should be closely fitted and not hang loose-

ly. Any item that you wear or carry that can 
catch onto a projection or roof, wall or ladder 

constitutes a hazard. 

Working on any roof which is wet o- covered 
with snow is not recommended, but it is certainly 

a condition that will be encountered. When work-
ing on a slippery or peaked roof, a safety rope is 

a must. A 70 ft. safety rope is a regular part of 
the equipment of the installation crew. Clear off 

any snow from a working area before beginning an 

installation. 

Use the safety rope whenever working in a 

dangerous or precarious position. With one end 

tied around a chimney or some other secure 
structure and the other end securely tied around 

your waist you have a chance of escaping injury 

if you slip. But don't try any such stunts by 
yourself. Such jobs are best handled by a team, 

with one man doing the work, while the other 
watches for safety needs and supplies the needed 
materials and tools. 

Installing a television antenna is no more 

hazardous than any other job requiring physical 

effort — if you know your job, give it your full 
attention, and use common sense at all times. 

If there is anything you want to do tomorrow, be 

careful today. 
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GENERAL REQ U I REMENTS 

9-1. Before we start our detailed study of 

antenna installation problems in suburban areas, 
let's consider for a moment the requirements to 

be met in making any television antenna instal-

lation, anywhere. These can be listed about as 

follows: 

1. The antenna must pick up sufficient signal 
energy on all active television channels in the area to 
provide satisfactory pictures with any normal receiver. 

2. It must be installed so as to remain mechanical-
ly safe and secure for a long period under any weather 
conditions to be reasonably expected in che region, 
and so that it will maintain its operating efficiency 
with a minimum of service and attention during its life. 

3. It must comply with all safety rules of the 
company, local building codes and Underwriters 
regulations. This is very important. 

4. It must be installable in reasonable working 
time and with efficient use of materials and labor, 
so that overall cost is held to a moderate figure. 

5. It must be satisfactory and acceptable to the 
customer on both a short and long term basis, and 
from the standpoints of both operation and appearance. 

It is true that difficult receiving conditions 
will occasionally make it necessary to com-

promise somewhat on these requirements, but in 

general, this is the mark we shoot at when put-
ting up any antenna, anywhere. With that settled, 
we can turn to consideration of how we go about 

accomplishing this sort of an installation. 

The Three Kinds of Signal Conditions.—Right 

away it becomes apparent that television signals 
are not going to be the same in all parts of the 

area surrounding the transmitting antenna, and 
it's reasonable to think that the differences in 

signal strength and other factors will make the 
installation problem quite different in various 
parts of the station coverage area. In practice, 

this is very true indeed, and we can divide the 

coverage area up into three sections, in each of 
which the antenna installation problems are in 

general very similar. This lesson deals with the 

section of the coverage area where installations 
are generally easiest to make. We'll corne to a 

definition of the term " suburban location" in a 

moment, but first let's study some general facts 

about the whole television business which affect 

the receiving problems. 

Television transmitting equipment is intricate, 

delicate and expensive, and must be operated 
and serviced by highly skilled engineers and 

technicians. Also, studios for producing tele-
vision programs are elaborate rooms that must 

maintain a lot of conditions that are hard to pro-
vide,except in specially treated buildings. Alto-

gether, these factors and others relating to pro-

duction of television programs make the costs 
of putting on shows much higher than is the case 
in regular AM radio broadcasting. This means 
that every station does its best to cover as large 

an area as possible with its transmitted signal, 

and to do so without adding unnecessarily to 

the already heavy expenses involved. One way 

to increase the area covered with a given trans-
mitter power is to put the radiating antenna up 
very high, as you learned in previous lessons. 
But building tall towers is expensive, so a great 
many television stations put their transmitting 
antennas on the tops of tall buildings in the 
down-town areas of the cities in which they are 

located. This gives the additional advantage of 
putting them more or less in the center of the 

populated area they wish to serve, and it also 

means that program and control lines from studios 
and offices to the actual transmitter need not be 
long. Practically, this works out so that in most 
parts of the U. S., the television transmitting 

antennas are fairly closely grouped in the central 
portion of the metropolitan area they serve. This 

has a direct effect on the problems you have to 

handle in making antenna installations, as we 

shall soon see. 

To understand this, take a look at this map 
of a metropolitan area with several television 

transmitters operating. The city shown is con-

sidered to be located on fairly level ground, so 

that there are no really severe radio shadows to 

modify the general coverage pattern. 

Naturally the signals from all transmitters are 

going to be very strong in the area immediately 
surrounding the antennas. This, and the fact 

that the signals can be strongly reflected and re-
reflected among the tall buildings in the central 
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SCALE: ONE /NCH EQUALS 
Ny FIVE let/LES. 

Fig. 9-1 

area, produces a set of problems quite different 
from those you'll meet in the two outer areas. 

The extreme outer region shown with double 
cross-hatching on the map also has a special 

set of receiving problems, but here the trouble 

is due to very weak rather than very strong sig-

nals. It is in the broad band lying between the 

central strong signal area and the outer "fringe" 

area that we find the sort of conditions to be 

dealt with in this lesson. This band is shown 
on our map with single cross-hatching. We'll 

call it a suburban area, because it usually does 

take in most of the suburban residential region 
surrounding a large city, but you should keep in 
mind that the area is defined more by the kind of 

receiving conditions you find than by its actual 
geographic location. Thus,in cities where there 

are big hills or other such obstructions, you're 
likely to find some large radio shadow areas 

quite close in toward the transmitting antennas, 
where conditions will be more like those in sub-

urban areas, or even like fringe area conditions. 
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"Suburban' Signal Conditions.— For this les-

son, we'll confine ourselves to dealing with the 

conditions normal to ordinary suburban areas. 

These can be listed about like this: 

1. Signals on all active channels will be 

strong enough to provide satisfactory pictures 

with a simple dipole and reflector antenna, 

mounted on a single mast section, on the roof 

of an ordinary dwelling or apartment house. 

2. Usually, most of the transmitting antennas 

will lie in the same general direction from the re-
ceiving location, so that an antenna pointed to 

pick up a good signal from one will also be 

pointing somewhere near right for the others. 

3. The noise and interference in the area 

will be of moderate strength, usually not severe 

enough to cause much trouble when an outside 

antenna is used. 

4. The buildings in the area will be mostly 

ordinary one or two story dwelling houses, or 

apartment buildings of moderate size, say up to 

10 or 12 floors, and there will be very few fac-

tories or heavy industrial buildings. 

This does not mean that you'll always find 

all these conditions at any one location, nor 
does it mean that we can stick rigidly to this 
sort of classification. It does give us a general 
working idea of the sort of receiving conditions 

we're likely to find in such locations, however, 

and this can be quite a help in tackling instal-

lation work. The general architecture of build-

ings in a typical suburban location often looks 

something like this view over the rooftops. 

Fig. 9-2 

You'll notice quite a wide variety of antennas 

and masts in this picture, which was taken in a 

residential area on the outskirts of a large met-
ropolitan area. This indicates mostly that tele-

vision in general, and antenna design in particular, 

are fast-moving fields, a fact you must keep con-

stantly in mind, because it is equally true of 

installation methods, and the materials you use 
in doing your job. 

Keep Clear of Power Lines.—Before leaving 

this matter of typical conditions to be found in 

suburban locations, we can add a few more gen-
eral remarks that also apply, although not so 

universally as the four specific points listed. 

You'll seldom find any large overhead power 

lines running so near the spot you've selected 

for the antenna that you need consider them in 

doing your work. In fact, in choosing a place for 
the antenna, you should try to keep it as far 

from such things as possible, if they do pass 

fairly near the building. However, if there is an 

overhead power line near the roof on which 
you're working, BE ON YOUR GUARD! Find a 

usable spot for the antenna as far from it as you 
can, and make doubly sure that there is no 
chance of bringing any part of the antenna into 

contact with the line while you are doing your 
work. Not only that, make sure the antenna is 

mounted in such a way that, even if it falls, or 

is blown down by the wind, it won't strike the 

power line. This may take some extra work, but 

do it anyhow, for the results of getting the an-

tenna into contact with the power line are not 

only dramatic, they're usually irreversible. 

Aside from safety considerations, power lines 

are very likely to be a bad source of noise, es-

pecially in wet weather, and you should avoid 

them for that reason as well. You're not likely 

to encounter such lines often in suburban areas, 

but they are worthy of great respect when you 
do. On the other hand, practically every home 

will have a regular 115 or 230 volt line coming 

in from the local power distribution line in the 

street, perhaps underground, perhaps directly 

from a pole. While this is relatively low voltage, 

it still should be treated with respect. Do not 
let the transmission line, the drill cable, or any 

other part of your equipment or materials lie 

across this line, or the telephone line either, 
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for that matter. While these lines are well in-

sulated when they are installed, the ravages of 

the weather sometimes strip them in spots, or 
leave the insulation so cracked and crumbling 
as to be no protection. Play safe and avoid 

trouble by keeping everything clear of them at 

all times. 

PLANNING THE INSTALLATION 

9-2. In addition to the general information 

that applies to just about any suburban location, 
there are always specific facts that are true of 
the particular district in which you're working. 

Some of this information will be common know-
ledge in the shop from which you operate. 

Much of such information is given out directly 
to the operating personnel, either in the form of 
talks, or as memos or notices posted on the bulletin 

board. It is part of your job to keep yourself 
familiar with all such information. Also, there 

are other useful facts you'll discover for yourself 

during the course of your work. You should pass 

these on to your immediate superior as they come 
up, and of course keep mental track of them your-
self, or perhaps even keep a notebook, if that is 
a help in your particular case. Naturally,men 

working together in the same field tend to talk 

shop a lot among themselves, and you'll find 
this is another way in which information gets 

spread around. 

Things You Should Know As You Approach 
the Job.—In all of these various ways,you'll be 

receiving information about the district in which 

you work, and also occasionally from other 

sources such as the local radio dealers, or cus-
tomers. This means that when you start out for 

an installation job in the morning of your work 

day, you already have quite a bit of specific in-
formation about the job ahead. From the address, 
for instance, you can locate the part of your dis-

trict in which the installation is to be made. If 

you're up on the general receiving conditions in 

your district, you'll know by referring to your 

memory how the active channel signal strengths 
compare at the location, and whether or not there 

is some severe local problem, like a hill or row 

of tall buildings between your location and the 

transmitting antennas. Or again, it may be that 

the address is right on a main trunk highway 
through the city, where heavy traffic is likely to 

make the ignition noise troublesome. The point 
is, even before you get to the job, you can have 

some idea of how you're going to tackle it. 

As you approach the location, you can add in 

some other bits of information by noting mentally 

what sort of antennas you see on the buildings, 

how tall the masts are, how the antennas are 

oriented (pointed), and other such things. You 
can easily add into your calculations such items 

as whether there seem to be any likely sources 

of strong interference very close to the location, 

whether the actual building is down in a valley, 
up on a hill, near a big overhead power line, etc. 

These are things you can observe for yourself 
as you drive up, and you'll be surprised how soon 

it becomes second nature for you to begin this 
`sizing up" process practically as you enter the 

neighborhood in which your installation job is 
located. This is very necessary, because the 

television business is already a very competi-

tive one, and it is not enough merely to be able 

to solve your installation problems after a fash-

ion. The job must not only be done, but it must 

be done quickly and efficiently, with little lost 

motion or waste of materials or time. That is 
why cultivating your powers of observation and 

evaluation is important, and indeed, why you are 

studying this Course. 

Things to Find Out on the Job.—Under this 

subheading there are quite a few items of in-
formation that you definitely must know before 

you can do a good antenna installation. Some 
you'll get by asking the customer, others you 

may get from the superintendent of the building 

(if there is one), still others you'll have to 
secure for yourself by examining the building. 

J. Where is the set to be placed? Even 

though we're concerned only with antenna in-
stallation in this lesson, you need to know this 

in order to decide about how you'll run the trans-
mission line, where it can be brought into the 

room, and whether or not an inside antenna may 
be used. Ask the customer where the set is to 

be placed, keeping in mind what you know about 
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not having too much strong, direct light on the 
face of the tube, etc. It isn't up to you to ar-

range the customer's furniture or living habits, 
but it's perfectly okay to point out any major 

advantages or disadvantages in locating the set. 

If the set is placed near an outside wall, and 

this will often be the case, as it keeps direct 
light from the windows from reaching the tube 
face, you may find it convenient to bring the 
transmission line in through the window casing. 

Or if the room is on the ground floor and there 

is a basement, the line may better be brought 

in through a basement window and up through a 
small hole in the floor. You should automatically 

keep such factors in mind as you go about getting 
the other facts you need, but don't try to decide 
the point until you have gathered all the data. 

2. If ill the customer okay an indoor antenna, 
if reception is satisfactory on all active channels? 

This is important enough to be worth some de-
tailed consideration right here. Some customers 
will have strong fixed ideas on antennas, either 

for or against indoor installations. In such cases, 
it's best not to try to induce him to accept one, 

as it usually turns out that he changes his mind 

later, puts in a service call, and demands the 
outdoor installation which should have been made 

in the first place. On the other hand, the general 
public attitude toward built-in and indoor anten-

nas has changed quite a bit since television re-
ceivers first began to be popular, and it's worth-
while to keep this trend in mind when you're 

talking to your customer. It used to be a sort 

of mark of distinction to have a television an-
tenna on top of the house, at least for a lot of 

people. Now, however, television has become 

so generally accepted that the distinctiveness 
has mostly gone out of the antenna mounted on 
the roof. 

Instead, many people have a tendency to re-
garçl a television set as better or worse than 

compering sets depending on whether it will or 
will not give satisfactory reception on an indoor 
or built-in antenna. Find out whether your cus-

tomer will accept an installation using the built-

in antenna, or an indoor antenna,if the built-in 

unit doesn't provide satisfactory reception. If 

the customer appears to be open minded on the 
subject, you can mention the various advantages 

the indoor installation affords. Here are the 
most important ones. For one thing, no part of 

the installation need be out in the weather, or 
exposed to damage by other outdoor accidental 

causes like falling tree limbs. Again, the cus-
tomer can move the set around considerably more 

freely if there's no connection to a permanently 
installed transmission line to worry about. Many 
families move the center of their activities from 

the living room to a sun room or sun porch during 
the summer months, and in such cases its quite 

feasible to move the television set right along, 
if the internal or indoor antenna is available. 

Also, in the case of an indoor antenna, the cus-

tomer can change the orientation, tuning, and 
location of the antenna to suit his own conve-

nience, or to accomodate a new station coming 

on the air, which is not possible with an outdoor 
installation. And of course, there are many 

buildings where outdoor antennas are not per-
mitted at all, in which case you can skip this 
part of your problem. 

3. Can satisfactory reception be provided 
with the internal or the indoor antenna? This 

question can only be fully answered by a test 
of actual reception, and you should make such a 

check with the internal antenna as soon as the 
set is in operating condition, even though the 

customer has expressed a preference for an 
outdoor antenna. In some cases, good reception 
on the internal antenna will induce a customer 
to voluntarily change his mind about insisting 

on the outdoor antenna. This is good if it hap-

pens, but you should not count on it, or try to 
pressure the customer into such a change. 

Fig. 9-3 

4. If an outdoor antenna is to be used, where 
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can it be mounted conveniently, and still provide 
satisfactory reception? Supposing you've defi-
nitely learned that an outdoor antenna is required, 

and that it is permissible to erect one. Your 

next move is to decide where to mount it, and 

you must consider several factors while you're 

doing that. It must pick up plenty of signal, but 

it should also be mechanically secure, and in a 

spot where you won't have too much difficulty 
installing it. Then there is the matter of running 
the transmission line, too. Obviously it's good 

practice to keep the line run short and direct 
when you can, as it is better on all counts, but 

you'll have to use judgement in a good many 

cases. If, for instance, moving the antenna to a 
more distant part of the roof will provide a sub-

stantial improvement in reception, or make the 

installation a great deal easier, it may be worth 
the extra material and work required to extend 

the transmission line to that spot. Only ex-
perience will make you an expert at deciding 
such points, but you'll develop your ability by 

using common sense along with your specialized 

technical knowledge. 

Usually, you'll find that there are several 

places on the roof or an outside wall of a house 
where it is feasible to mount the antenna and 

mast. Your final decision as to which one to 

use will often have to wait until you've tried 

each spot with the antenna temporarily connected 

to the set, as discussed in Section 9-4. 

5. What is the condition of the roof, or any 
other part of the building where you must work, 
in making the installation? This is something 

you should be considering while you look for 
suitable locations for the antenna, for it may 

have a strong influence on your choice. Obvi-

ously if a part of a building is unsafe for you to 

work on, it is not up to you to risk your life or 
health trying it. You must give this some thought, 
for it's your neck, but you should also remember 

that if a structure looks that shaky, chances are 

it wouldn't hold the antenna for long either, even 

if you got it mounted successfully. Instead, you 
should report the matter honestly to the customer 

and look for other possible antenna sites. 

Even if the roof will support you, you've got 
another matter to consider. If, in your opinion, 

you can't work on the roof without causing dam-

age, you should report that to the customer, too, 
and hunt for another solution. After all, the roof 

is on the top of the house, and very few people 
give it much thought unless it actually begins 

to leak. The result is that many roofs get in 

pretty sad shape without anyone in the building 
being aware of it. Then when you go up looking 

for an antenna site, you may find that just walk-

ing across it is likely to cause leaks. In that 
case, don't walk across it, for you and your em-

ployer will be held liable not only for the damage 
to the roof, but for any damage the leak may 

cause inside the house. It's much better to dis-
cuss such a problem with the customer before 

you begin operations than it is to take it up ten 

days later when he's cleaning the fallen plaster 

off an expensive rug. 

Fig. 9-4 

You are less likely to find such conditions on 

the roofs of apartment houses than on private 
dwellings, but it can happen on the apartments 

too, so don't get careless. Some of the symptoms 
of a roof in bad condition are many split, loose, 

or missing shingles, sagging or weak spots that 

yield badly under a little hand or foot pressure, 
split or broken tiles, roofing paper from which 
all the coating material has been washed away 

by the rain, or which is cracked, torn or curled, 
or has seams which have opened up. While 

you're surveying the general conditions of the 
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roof where you're planning to mount the antenna, 

don't forget you've got a transmission line to 

run, as well. Watch out particularly for loose or 

rotten rain gutters, shaky roof extensions, and on 

apartment houses, walls and chimneys where the 

mortar has fallen out, leaving loose bricks or 

coping stones that may easily be dislodged by a 

mere touch while you're working. This kind of 
thing can be extremely dangerous, not only to 

you and your partner below,if you're working in 
a team, but to the lives and property of other 

people as well. Don't take foolish chances. 
Instead, find another place for the antenna or 
transmission line, and inform the customer of 

the dangerous condition. 

6. What is the most practicable way to run 

the transmission line? While you're studying 

the roof in connection with the antenna site, you 

should keep the transmission line in mind as 

well. This isn't usually a really tough problem, 

but you can save time by not losing sight of it 
during your survey of roof conditions. Remember 

that it is better not to have long horizontal runs 
of transmission line if you can help it, or long 
stretches where it cannot be supported by stand-

offs. The line should also be kept away from 
good electrical conductors like metal rain gutters, 

pipes, conduits, power and telephone wires, as 
these things can steal part of the signal, or may 

add interfering noises of their own. At this 
stage of the job, you can't usually decide on the 

whole run, but you can get a general idea of 

which part of the building you'll work on, and 
this will save time later. 

7. How about a grounding connection for the 
mast, and a place to install the lightning ar-

restor? At present a revision of the part of the 
National Electrical Code of the Board of Fire 
Underwriters dealing with antenna mast ground-

ing is being considered. It is likely that ground-
ing of masts will no longer be compulsory, ex-

cept in places where the local building codes 

and fire regulations specifically require it. 
Special local conditions may of course make 

grounding advisable in some installations, even 
though no code or regulation says so. In any 

event, your final word when in doubt must come 

from some person who will be informed as to 
local regulations and specially hazardous types 

of installation. In cases where you do need to 

ground the mast, have this in mind while you're 

sizing the job up, and try to make a short, direct 
connection to a suitable point. Watch for a 

chance to connect to the frame of the building, 
or a pipe of the cold water system, like this: 

Fig. 9-5 

In dwellings, look for a convenient run to a 
cold water pipe, or failing that, to a piece of 

open ground near the wall below the mast, where 
you can drive a ground rod. In some parts of the 

country, grounding to the vent pipe of the plumb-

ing system is permitted, but here you must check 
with your superior as to local regulations. In 

any event, as long as grounding is required, 

you'll have to consider how best to do it when 

you're planning the antenna mounting. The 
lightning arrestor is usually fairly easy to handle, 

but don't fall into the careless habit of installing 

it on the mast. This not only is no real safe-
guard, it's against company standards as well. 

It will often spoil reception in wet weather, and 

thus result in a service call, and some unpleasant 
moments for you later. So far, none of the ar-

restors available is fully water proof, and this 

adds still another good reason for mounting it in 

a protected spot. Think of that when you're con-

sidering how to run the line. 

SELECTING THE ANTENNA 

9-3. Your choice of the antenna actually to 
be used in making the permanent installation will 

be influenced by several factors which we'll take 
in order. The first one to be considered may as 
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well be the customer's preferences, since these 

may limit the selection right from the start. 

1. The Customer's Preference.—One of the 

things you've found out,if you've followed the 

procedure described in Section 9-2,is what 

kind of an antenna the customer will accept. If 

he has indicated he'll accept any installation 

that will provide good, dependable reception, 

well and good. You have several possibilities, 

and can turn your attention to determining which 
of them is best. If, on the other hand,the cus-

tomer has definitely decided he wants a certain 
kind of installation, you'll probably have to wind 
up giving him that one, or showing him why it 
isn't feasible. Then you'll have to get him to 

accept the installation you do find will provide 

proper reception, but usually this is no problem 

if he sees that the original idea doesn't work in 

practice. No matter what you do, however, try 

to respect the customer's wishes in the matter, 

remembering that his satisfaction is what actual-

ly pays the bills. Incidentally, don't forget that 

a convincing demonstration of good performance 

will often win wholehearted approval for an in-

door or internal antenna. 

2. Restrictions in the Building.—Many apart-
ment and business buildings have restrictions as 

to what tenants may do to the outside of the 

structure. Sometimes no outside antennas of any 

kind are permitted. In other buildings, only 

window antennas are allowed. In still others, 

some antennas were permitted at first, but no 

additional ones can be put up without permission 

of the landlord. The tenant or the building super-

intendent usually has this information, and you 

will have gotten the information during your first 

talk with the customer. Here we're only con-

cerned with the matter if it adds another limit 
to our choice of antennas, so if there are restric-

tions, don't waste any time considering antennas 
you won't be permitted to use anyi.ow. 

3. Signal Levels on the Active Channels.— 

This is one of the most important factors in-

fluencing your choice of an antenna, so give it 

your best consideration. If the set has an inter-

nal antenna, make a check of reception on the 

active channels, even though you may not ex-

pect to use it for the actual installation. This 
will give you some idea of the signal strength 

at the location, and may influence your customer 

to a more favorable view of indoor installations, 

in case he has doubts about them. If results 
are poor with the internal antenna, it may still 

be worth trying the " V" type indoor antenna,to 
get a quick check of the signal levels. If this 

also is ineffective, chances are you're going to 

have to use an outside antenna of some sort any-

how. Usually,signals are much stronger outside 

the walls of buildings than inside, because vari-

ous conductors or partial conductors in the walls 

act to partially shield the enclosed space. Also, 

the signals within buildings are likely to be 

badly scrambled by multiple reflections, shadows, 
etc., so its only common sense to move the in-
door antenna around in the room to various posi-

tions,before you decide definitely that the indoor 

signal level is unusable. 

4. Noise, Interference and Ghosts.—While 

you're checking the signal levels on various 

channels, be on the lookout for noise, ghosts, or 

interfering signals that might make otherwise 

usable signals unsatisfactory. These two trouble 
sources are so important that they will be covered 

in detail in an entire lesson later in the course. 

At this point, you need only get a rough idea of 

whether or not there is much noise and interfer-

ence in comparison to the signals. If there is, 

it's going to influence your choice of antennas 
in some ways. For instance, if the noise origi-

nates within the building, it will probably give 
much more trouble with an indoor antenna. Some-

times the source of the noise can be found and 

eliminated, but this is likely to be a long job, 
and not one you can undertake while making the 

installation in any case. Instead, you will prob-

ably have to try an outside antenna located as 

far as possible from the noise source, and hope 

for the best. 

Where ghosts are concerned, the situation may 

be somewhat better. Even with the indoor anten-

na you may be able to find a position for it which 

will reduce the ghost image enough to permit 

good reception. In fact, it is sometimes possible 

to do a better job of eliminating a troublesome 
ghost inside a building than outside, if it is a 

steel frame structure, but this is not the place 
to take up such problems in detail. Here, you 

need only take note of the ghost problem if it 
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shows up on your first try with the internal an-

tenna, and see whether or not you can improve 

things with the indoor antenna, which can be 

pointed in various directions more readily. 

5. How About the Directions of the Trans-

mitting Antennas?—ln most suburban locations, 

this isn't likely to be much of a problem. This 

is because the transmitting antennas are usually 

mounted on the tops of tall buildings in the down-

town area, and thus lie in the same general di-

rection, as seen from a suburban location. How-

ever, as television expands, some transmitters 

will undoubtedly be located farther from the 

center of the metropolitan area they serve, and 

it may turn out that you are faced with the prob-

lem of receiving programs from at least two rather 
widely separated directions. In this case, the 

built-in antenna may be effective, since its di-

rectivity pattern is fairly broad. It is also pos-
sible to point any antenna in a compromise 

direction somewhat between the best direction 

for either of two stations, and still get a sat-

isfactory picture on both. If you're up to date 

on the location of the various transmitting 

stations in your city, you probably will know 

about any direction problem before you even get 
to the job anyhow. The important thing is•to get 

good pictures of course, and if this can't be done 

with the simpler antennas, you may have to 
choose one of the more complex types, such as 

the High-Low antenna. This is often a good 

solution if the station bearing in a different 

general direction than the other transmitters is 

in the high band, with the others all in the low 

band, or vice versa. 

In case the stations do bear in several di-

rections from your location, and the customer 

insists on receiving them all well, you may have 
to use an additional antenna, usually required 

only in midtown areas. This would be at extra 

cost, and in view of this, it's worth while to 

check the performance of the simpler antennas 

very closely before you give up on them. In-

cidentally, don't forget that the simple V-type 

indoor antenna can easily be pointed to receive 

from almost any direction, providing the signal 

is strong enough. 

6. What Channels Are Active?—The answer 

to this question also has some bearing on your 

choice of an antenna. Obviously if there is only 

one station operating on a low channel, almost 

any of the antennas will be suitable, and other 
factors like economy of time and material will 

govern your choice. But suppose the location 

you're working at is part of a big metropolitan 
area where there are five or six active television 

channels? Obviously the antenna you choose 

must give good reception on as many channels 
as possible, so you may find that the simpler 

ones won't fill the bill. This can easily happen 

if one of the high channel stations is on the other 

side of town from you, with perhaps some tall 

buildings intervening. It boils down to a case 

of trying with the simplest antenna that your ex-
perience and the other information at hand in-

dicate might work. 

7. Cost and Other Cons iderations.—Of course 

you have to consider the cost of materials and 
labor when you're deciding which antenna to se-

lect. But in most suburban locations,you'll find 

that antennas more elaborate than a simple 
dipole and reflector, or possibly this combination 

with wings added, will seldom be needed. Natu-

rally you should select the least expensive an-

tenna that will provide satisfactory reception, 
keeping in mind of course that it is expected ,to 

provide good results through all sorts of weather. 
Here again you're not likely to run into trouble 

in suburban locations, but you may do so in 

fringe area work, or in the down-town district. 

This is true not because the weather is different 

in the suburbs, but because there is usually more 

signal to spare in proportion to the noise and in-

terference present. In midtown or fringe areas, 

even a partial loss of signal in bad weather may 

degrade picture quality enough to result in a 

service call. 

PRELIMINARY PL ACEMENT AND OR/EN TAT ION 

9-4. By "placement", we4mean choosing the 
actual spot or point in space where the antenna 

picks up the required signal energy for the re-

ceiver. We'll use this word throughout the lesson 

when referring to the process of finding the actu-

al spot on which the antenna is to be mounted, 

in order to avoid confusion with the more general 

meanings of " place' or ' placing'. In radar and 
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microwave antenna work generally, the word 

"site" is commonly used in connection with the 
actual spot where an antenna or other piece of 

apparatus is located, and the process of finding 

the best spot for mounting an antenna is often 
called 'siting' the antenna. However, this usage 

has not yet been taken up by workers in the tele-
vision field, so it is mentioned here only for your 

information, in case you come across it in further 

studies. 

Notice that when we were talking about the 
placement, nothing was said about the position 

or spatial attitude of the antenna, that is, 

whether it was horizontal, vertical, slanted, or 

spinning like a pinwheel. Placement of the an-

tenna only means finding the spot in space where 

it will perform as we want it to. Orientation 
is the process of getting it pointed in the right 

direction, tilting one end up or down, or rotating 

it about any of its three axes as we hunt for the 

best signal response. 

Fig. 9-6 

It's advisable to use these two words « place-

ment' and 'orientation' for these specialized 
meanings, because commoner words like " loca-

tion" and "position' are rather loose and over-

lapping in common usage. Since the information 

in these Lessons must be definite if it is to be 

of any use to you, we'll use such special terms 

where they're needed, after defining them, of 

course. 

Procedure.—Whether you're working with an 

indoor or outdoor antenna, the same general con-

siderations you learned in Section 9-1 still 

apply. That is, the antenna must pick up suf-

ficient signal on all channels, must be acceptable 
to the customer, etc. 

Placement of an Indoor Antenna.—Let's con-

sider first that an indoor antenna is acceptable, 

and you're ready to begin placement and orienta-
tion. The first thing to do is choose a trial 

place. This will be influenced by the location 
of the set, the doors and windows in the room, 

the direction of the television stations, and prob-

ably by the customer's wishes, as well. Ob-
viously you're not going to be permitted to leave 

any part of the installation obstructing doors,or 

interfering with normal use of the furniture, to 

say nothing of the decorative scheme in the room, 

so you must plan right from the start to get sat-

isfactory reception without damaging the decor, or 

disrupting the customer's furniture arrangement. 

Signals are almost sure to be weaker inside 

the room than they are only a few feet away, 

beyond the outside walls of the building. This 

is due to the shielding effect of various conduc-

tors in the walls, ceilings and floors, such as 

pipes, conduits, metal lath, etc. These things 

also cause the signal strength to show sharp 
variations at different points within the room, 

because energy reflected from them adds to or 

subtracts from the direct energy reaching the 

antenna, dependent on whether it is in or out of 

phase with the direct wave at that point. Most 

of your job from here on really consists of trying 

to get an acceptable antenna (usually either 

the built-in internal one now standard with most 
models, or the V-type) into a place, and orienting 
it so that it picks up enough signal on all active 

channels, and isn't too sensitive to noise, inter-
ference, or people moving about in the room. 

Suppose we begin by trying with the internal 

antenna connected to the receiver input terminals. 
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The set shou.'d be in the place and position in 

the room that the customer has decided upon. 
Test the reception on all the active channels, 

keeping track of which channels are acceptable 

and which are bad, and the reasons they are bad, 

such as snow, ghosts, etc. If most channels 

are pretty bad, chances are the internal antenna 

is not going to be adequate, unless you can make 

a drastic all-over improvement by moving the set 

to a better spot in the room or building. Find out 
from the customer if this is acceptable, keeping 

in mind ti-at you may get a large improvement in 
signal strength if the set with its internal anten-

na can be kept reasonably well away from large 
metal structures like radiators, or walls in which 

the plasc.et is carried on expanded metal lath. 

This type of construction is common in office 
and apartment buildings, and has the effect of 

acting as a more or less effective shield, partic-

ularly at certain frequencies. 

How About the Internal Antenna?—Right here 

is as good a place as any to say some things 

about the internal antenna, and the whole idea 

of indoor antennas generally. You have enough 

understanding of the general nature of radio wave 

propagation by now to ttalize that if' enough of 

the radiated signal doesn't reach the antenna, 
there just isn't going to be any picture. On the 
other hand, if there's enough signal energy pre-

sent at the antenna spot, satisfactory picture§ 

can be had, if the antenna is capable of inter-
cepting it and delivering it to the transmission 

line. There are no miracles involved in this 

process, and no manufacturer can do more than 
try to provide antennas that will make the most 

efficient use of the signal energy available at 

the antenna. 

It is advisable to make no exaggerated claims 
of " miracle" internal antennas that make out-

door installations unnecessary, or to try to 
deceive the public in any other way in this 

matter. You'll do well to stick to this policy 
yourself in your dealings with customers, 

particularly in this matter of indoor versus 

outdoor antennas. All in all, indoor and in-
ternal antennas do about as good a job as can 
be expected, at the present state of the radio 

art. 

If your customer questions you about these 

matters, you can say quite truthfully that the 

indoor antennas work just about as well as any 

others occupying the same space in the room, 

but that no indoor antenna can provide satisfac-
tory reception in all locations, and under all 

conditions. Of course, you should keep in mind 

that research and progress in antenna design is 

continuing as the television art advances. 

Getting back to our trials with the internal 

antenna, we can consider what to do if reception 
is rather poor on the first try. If no other spot 

in the room is acceptable to the customer, you 

can try turning the set slightly and checking the 

effect on the pictures. If this is effective, and 

the orientation of the set is acceptable to the 

customer, you're in, and can count yourself lucky. 

However, the chance that orienting the set will 

do the whole job is not too good, unless you can 
try other spots for it also, to help the thing along. 

This is due to the rather scrambled pattern of 
the television waves in the room, and is not true 

of outdoor antennas, if they are fairly well clear 
of conductors in their immediate vicinity. 

Checking a V-Antenna.—Suppose your trials 

with the internal antenna are not satisfactory. 
Your next move will often be to try with the in-
door V-type antenna, connected to the set by a 

suitable length of twin lead. This gives you 

considerably more leeway in *placing the an-
tenna, and you can also alter the tuning by slid-

ing the rods in or out, or changing the angle of 

the V formed by the two arms of the dipole. In 
fact, you come up against a problem right here 

that sooner or later arises to plague every man in 

a technical profession, be he doctor, lawyer, or 

engineer. This is the matter of juggling several 

variable factors at the same time, each of which 

can drastically affect the results obtained. In this 

case, the variable factors are the placement of 
the antenna, its orientation, tuning, and the 

angle of the V made by its two arms. You can 
see that just fussing with all these things at 
random is going to get nowhere, except by pure 

dumb luck. So, don't do it. 

Instead, begin with the antenna arms extended 

to about three quarters of their full length. and 



Preliminary Placement and Orientation 

with each arm about five or ten degrees above 
horizontal, like this: 

Fig. 9-7 

With the antenna adjusted so, and the set 

tuned to the lowest active channel, try moving 
the antenna to various likely places in the room 

to see what happens to the picture. Each time 

you put it in a new place,such as on top of the 

set, on a table by the window, etc., orient it for 

best picture quality, and compare this with what 

you had before. When you've found a place and 
orientation where the picture on this channel is 

acceptable, or the strongest of several trial 

spots, then switch the receiver to each of the 

other active channels, and note the picture 

quality. If they also are acceptable, offer 

yourself mental congratulations upon being a 

very lucky fellow, and get ready to demon-

strate the reception to your customer. If some 

of them are definitely poor but not really un-

usuable, leave the set tuned to the poorest 

station and try the effect of re-orienting the an-

tenna, keeping a mental note of the original 

orientation. If changing the orientation no more 

than fifteen or twenty degrees will bring the 

signal up to a usable level on the poorest sta-

tion, leave it in the new orientation and try all 

channels as before. You may find that signals 

are now enough better on the weak stations to be 
acceptable, or you may not. 

Recheck on Weak Channels.—If some channels 

are still weak, try orienting on them, even making 

some notes and diagrams on a sheet of paper if 
you need them. Don't be afraid to make some 
experiments if the situation looks promising, 

because it is definitely worth while when there 
is a chance that an outdoor antenna will not be 

needed. Here are a few more suggestions as to 

how to proceed with the V-type antenna. If the 
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orientation for good signals on the weaker sta-

tions does not vary too much, try placing the an-

tenna at the best compromise orientation, and 

varying the angle of the arms up to about 45 or 

50 degrees above horizontal, keeping the two 

sides fairly near the same angle at first. If this 
is not productive, you may be better off moving 

the antenna to the next best possible place, and 

trying again. In some cases,you may find that a 
channel that is weak at one place will be okay at 
the other. In such cases, the customer may be 

willing to move the antenna to the new spot when 

receiving that station. But bear in mind that there 
are limits to the patience of customers, who can't 
be expected to conduct any long rigamarole of an-

tenna juggling every time they change channels. 
if a good many trials at various spots in the room 

doesn't do the trick, and an outdoor antenna is 

permissible in the building, you may be wiser 

to begin with that expedient without delay. 

However, there are some other factors, in ad-
dition to lack of signal strength,that can cause 

reception to be unsatisfactory, and we may as 
well discuss them before we climb up on the roof. 

These are ghosts, noise, interference, and re-
ceiver defects, which we'll take up one at a time. 

Defective Receivers.—In spite of careful in-

spections at the factory, a receiver occasionally 

reaches the customer's home with some minor 

defect, as you learned in Lesson 4. This is not 

the place to explain how to service it, but we 

can use a test for making sure that the receiver 

is really at fault. Probably the best way to do 
this is by checking the picture on all channels, 

even though the signals are not all of the same 

strength. If the same picture defect (such as no 

sound, picture squeezed or stretched) shows up 
on all stations, chances are the trouble is in the 

receiver. Chances are, but it isn't certain sure; 

for if you seem to have fair pictures with what 

looks suspiciously like some form of outside 
interference, it may be interference getting into 

the receiver i-f amplifier directly. A partial 
check on this can be made by comparing the ex-

tent of the interference when receiving a weak 
station and then a stronger one. If the picture 

defect seems to be less noticeable on the strong 

signal, it may be i-f interference, and you'll have 
to check further. In any event, it isn't likely 
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that a defective receiver will give this result, 

particularly if it shows a normal raster, and all 

the adjustments seemed to operate as usual when 

you were setting up the receiver. 

Ghost Images.—Television ghost images are 

produced in a number of ways, some of which can 

be dealt with by installation men. The most 

common causes are as follows: 

1. Signal energy reaching the receiving antenna 
later than the direct signal energy that produces 
the main picture. 

2. Signal energy reflected back and forth between 
the receiver and antenna in the transmission line. 

3. Misalignment in the receiver i-f amplifier, or 
overall misalignment and interaction between the re-
ceiver i-f and r-f amplifiers. 

4. N'ideo transients generated in some part of the 
transmitting apparatus, and actually radiated from the 
transmitting antenna. 

Of these causes, the first one mentioned is 

by far the most comrnon. It is usually signal 
energy reflected from some object such as 
a building, gas tank, bridge, etc. When such 

reflected signal energy reaches the receiving 

antenna somewhat later than the direct signal, 

it praduces the characteristic ghost image dis-

placed to the right of the main picture on the 
kine screen. The displacement is dueto the 

fact that the reflected signal is travelling a longer 
distance to reach the receiving antenna than the 
direct energy, as you learned in earlier Lessons. 
Careful orientation of the antenna will often 

make considerable improvement, if you have a 
troublesome ghost on a particular channel. The 

idea is to turn the antenna slowly while checking 
the relative intensities of the main image and the 
ghost, until you find an orientation where the 

difference between the two images is greatest. 

Of course, it is not always possible to make 
much improvement in this way, particularly when 

the object reflecting the waves is located in the 

same general direction as the transmitting anten-

na. Don't forget however, that moving the whole 

antenna u or down a few inches or feet will often 
make a big difference in such cases. This is 

because the signal at the antenna is affected by 
surrounding objects, such as the roof of the 

building you are on, for instance, and thus small 
changes in height can influence the strength of 

both the main picture and the ghost. 

In cases where the ghost is produced by re-

flection from some object that bears twenty or 

thirty degrees off the direct line from trans-
mitting to receiving antennas, orienting the an-

tenna carefully will often solve the whole prob-

lem. This is particularly true if you are using an 

outdoor antenna of the dipole and reflector type, 

but even the indoor and internal antennas have 

some directivity which can be used to advantage 

in dealing with such problems. 

If the receiver is in order, and the transmis-

sion line and antenna are properly matched 
there is little likelihood that a ghost will be 

produced by reflections up and down the trans-

mission line. Such action can only take place 

where there is a substantial impedance mis-

match at both ends of the transmission line, and 

with modern receivers this mismatch at the input 
is quite small, even at the highest and lowest 
television channel frequencies. Also, the line 

run would have to be very much longer than you 
are ever likely to need in a suburban installation, 

to produce a ghost displaced far enough from the 

main picture to be seen separately. Still, if you 
are doubtful of the cause of a certain ghost, 
you can check it by folding a piece of tin-

foil or other thin metal loosely around the twin 

lead near the receiver, and moving it slowly 
along the line while you watch the screen. If 

the ghost disappears, with the metal sheet at 

certain points along the line, it is produced by 

reflections in the line. If it does not, the ghost 
is from some other source. Incidentally, in 

making this test, you may often find that both 
ghost and main picture vary up and down in in-

tensity as you move the foil. This merely in-
dicates some standing waves on the line, due to 

some unavoidable unbalance or small residual 
mismatch, and the effect is usually not large 

enough to be important. 

Misalignment in the receiver i-f amplifier, or 
overall misalignment and/or interaction between 

the receiver i-f and r-f amplifiers can cause a 
ghost to show up also. Naturally this is rather 
unlikely with a new receiver, yet it can happen, 

due to a defective tube, or severe jarring of the 

receiver in transit. Here's how you detect it. 

While watching the screen carefully, slowly ad-

just the fine tuning back and forth across the 

correct position, as judged by the sound quality. 
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If the ghost is being produced internally, chances 

are the relative intensity of the ghost and main 
picture will change quite a bit with adjustment 

of the fine tuning. The spacing between them on 

the screen may also vary during this test. The 
only remedy, of course,is a service job on the re-

ceiver. Incidentally, don't assume that if the 

trouble doesn't show up on another channel, that 

the ghost is not caused by this sort of mis-

adjustment. In cases where the trouble comes 
from overall interaction between i-f and r-f am-
plifiers, it may only happen on one channel, al-

though it is quite likely to show up on several. 

If the ghost is being generated in some part 
of the transmitting apparatus, and radiating from 

the transmitting antenna, there's nothing you can 

do to eliminate it. But there is something you 
should do, and that is, make the matter clear to 

your customer. There just isn't any simple test 

you can make at the receiver to prove beyond a 

shadow of doubt that this 'built-in» ghost is 
produced at the transmitter, but you can get it 

narrowed down to that by a process of elimina-

tion and making a cross-check with your shop. 

First, make the checks already given, to make 
sure it isn't in the receiver, or due to trans-

mission line reflections between the receiver and 
the antenna. Next, check all the other channels 

for a ghost of about the same intensity and dis-

placement, particularly any channel whose 

transmitting antenna is known to be fairly 
near the suspected channel antenna. This 

won't be very conclusive, but it may show up 
something if you find a similar ghost. Lastly, 
call the shop and ask them to check the chan-

nel on a receiver known to be in perfect shape. 
If they also find the suspected ghost, and it is 
about the same intensity and displacement at 

their location too, it may very well be a ghost 

produced by a video transient in the transmitting 
gear. 

In this case, you must explain this to the 

customer, and inform him that at the present 

state of the television art such things still do 

show up occasionally. Of course, you are not 
supposed to do any buck-passing, or running 

down of the transmitter people. They are very 

likely aware of the situation and working hard 

on it, and a lot of irate telephone calls will not 

help them solve the difficulty. You can assure 

your customer that every effort is being made to 
get rid of such defects, which will not only help 

you avoid a call-back for something you can't do 
anything about, but will keep the heat off the 
transmitter people as well. 

Turning back from the general subject of 
ghosts, we can give some attention to indoor 
antennas. It is important to remember that they 

may not be as effective in reducing ghost trouble 

as an outdoor installation. This again is due to 

the scrambled wave situation within many struc-
tures, and not much can be done about it in most 

cases. If you are stuck with bad ghosts while 

trying an indoor antenna, the outdoor job may 
be the answer, and you should make a quick 

check with a temporary dipole and reflector type 
antenna. The reflector is important when dealing 

with ghosts, as they are often produced by re-

fleeted energy arriving from the back of the an-
tenna, and the reflector acts to minimize pickup 

from that direction. Since the reflector also acts 

to sharpen the directivity of the dipole some-
what, it increases the effectiveness of orienta-

tion in getting rid of ghosts due to reflected 
waves arriving from the sides, as well. 

Interference and Noise.—Right here we run 
into one of the most severe headaches in the 

present television picture. Interference from 

other radio services, or electrical noises pro-

duced by diathermy machines, fluorescent lamps, 

neon signs, electric motors, and auto ignition all 

act to make good television reception more dif-

ficult. Other things remaining the same, they 
are more troublesome on weak signal channels, 

and often the only way to deal with them (so far 

as antenna installation problems are concerned) 
is to use an antenna providing substantially 

stronger signals on the channels in question. 

This is particularly true when the interference 

or noise is produced by devices within the same 

building as the set, since orientation alone will 
seldom cure such troubles. This usually re-

quires an outdoor antenna, which often has the 

double effect of increasing television signal 

strength and weakening the interference. This 
is not the place to go into details about curing 

interference troubles. They are worthy of an en-
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R-f interference 

9-16 

Ignition noise 

Severe FM interference 

Fig. 9-8 

tire lesson, which comes later in this Course, 

but right here is as good a place as any to show 
you what the more common types of noise and 

interference do to the picture, so you can use 
the knowledge to some effect in siting and orient-

ing antennas. Fig. 9-8 shows several kinds of 
defects, with their causes listed under them. 

If you recognize the interference pattern on 

the screen as being due to some other radio 
service, such as amateur or commercial com-

munications, it may be worth while to check 

quickly for the source to see if something can't 

be done about it. 7 he Federal Communications 

Commission has strict rules about the amount of 

harmonic energy any service is permitted to 

radiate, and it is the responsibility of the offend-

ing party to do whatever is needed to eliminate 

the trouble, if they are at fault. However, you 

can do your part by trying to orient the antenna 

in such a way as to reduce the effect of the 
interference without losing too much signal 
strength. In fact, you usually have to follow the 

same procedure with noise as well, and only 
actual practice will make you very skillful at 

this. 

Ways of Reducing Interference.—One of the 

things you can do is try to find out if the inter-

ference is being picked up on the transmission 

Diathermy 

Barkhausen oscillations 

line, the antenna, or both. If disconnecting the 

antenna and leaving the line connected to the 
receiver has only a small effect on the inter-

ference or noise, you may be able to improve the 
situation by using coaxial line with a Tri-Filar 

transformer at each end. This type of line picks 

up very little energy along its length,if it is 
properly used, and it may make the difference 
between good reception and none at all. However, 

you should do all you can by orienting the an-
tenna before you turn to coaxial cable. In ex-

treme interference cases, the use of Twinex 

line may be necessary, but this will practically 

never happen in a suburban type location. When 

an interference problem of this seriousness shows 

up, it usually requires the services of a man ex-
perienced in curing interference troubles anyhow. 

Incidentally, one other test is worth making, to 

check how the noise or interference is getting 
into the set. Disconnect the transmission line 
from the input terminals, and check the screen for 

evidence of the offending signals. If they are 

still present, they are either entering via the 
power line, or are being picked up directly on 

the wiring of the receiver. These are problems 
to be dealt with elsewhere in the course, but 

knowing of this possibility may save you a lot 
of wasted effort juggling antennas. 

If disconnecting the antenna from the trans-
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mission line makes a large reduction in the noise 
and interference as well as in the signals on the 

television channels, careful orientation may help 

a lot, for this shows that both desired and un-
desired signals are coming in via the antenna. 

Obviously if they are arriving from different 
directions, it may be possible to find an orienta-

tion which favors the television signals. But if 
they are arriving from about the same direction, 

or if the noise or interference is of really great 
strength, this may not help, either. In that case, 

the only hope is to tackle the source of the inter-
ference itself, unless you can put the antenna on 
another site where it will pick up very much less 

of the undesired signal, and this is usually 

impossible. 

General Orientation Information.—Getting back 

to the general matter of orienting the antenna for 

best results, there are certain items of specific 

information in earlier lessons that are especially 

important. One of these is the group of an-

tenna characteristics you studied in Lesson 

6. In getting rid of an interfering noise or sig-

nal, the idea is to turn the antenna so that the 

desired signals are still received with usable 
strength, while getting one of the nulls of the 

Fig. 9-9 

directivity pattern pointed toward the noise 

source. In case that word "null" sounds unfa-

miliar, it just means one of the deep notches in 
the pattern, where the line of signal strength 

drops well down toward zero. You can get the 

idea by taking another look through Lesson 6, 

and studying Fig. 9-9, where the various parts 

of the directivity pattern are labelled. 

It's easy to see from Fig. 9-9 why a simple 

dipole antenna without a reflector isn't very 

helpful in getting rid of a ghost or an interfering 
signal. The nulls in its directivity pattern are 

confined to two fairly narrow arcs off the ends 
of the dipole rods, as shown by the crosshatched 

areas. Obviously, unwanted signals arriving 
from any direction within the arcs of the major 

lobes can cause trouble, and if the source of 

such an unwanted signal is fairly near a direct 

line through the transmitting and receiving an-
tenna, orientation won't help much. Now look 

at Fig. 9-10, which shows what happens under 

these circumstances. 

AI& 

Fig. 9-10 

The solid line shows the dipole pattern with 

the antenna pointed(oriented)for maximum signal 
from the desired station at point X. You can see 

that the undesired signal from a source at either 
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point A or B will enter the receiver practically 

as strong as if you had oriented on it. 

How to Use the Directivity Pattern.—Now 
notice that swinging the orientation to the posi-

tions indicated by either the dotted or dashed 
outlines does little to help the situation. The 
effective nose of the lobes of the dipole direc-
tivity pattern is so broad, and signals fall away 

so gradually on either side, that the antenna 
can't help much in this situation. Not only that, 

the actual measured pattern of such antennas is 
made even poorer by the presence of other con-

ductors within a few wave lengths of it. You 
know already how common that condition is, 
particularly in indoor installations. In practice, 
the nulls of the pattern are likely to be still 

narrower, and a lot shallower than they appear 
in the theoretical diagram of Fig. 9-9. Instead, 
they are likely to look more like this: 

Fig. 9-11 

If an antenna should receive an interfering 
signal right in the deepest part of the null, the 
signal voltage delivered to the receiver would 
only be a third to a half of maximum. This maxi-
mum signal would be obtained with the antenna 

oriented directly on the source of interference. 
The reduced signal is not small enough to be 

considered negligible, and that is one of the 
reasons why the dipole with reflector is more 

helpful in tackling such problems. Adding the 
reflector produces a pattern like this: 

/95' 8 165' 
10" 

Fig. 9-12 

You can see that the main lobe on the front 
side of the pattern is longer and narrower, the 

nulls at the ends are wider and deeper, and the 

signal from the back is very much weaker than is 

the case with the simple dipole. In fact, we can 
practically consider that the "back' lobe is wiped 

out by the reflector, and this makes it possible 
to minimize or eliminate the effects of unwanted 
signals arriving from any direction not contained 
within the main lobe. 

Again, this ideal pattern is modified by the 

presence of other conductors in the vicinity of 
the antenna, but the effect is not quite so strong 
with the dipole and reflector combination. Also, 
the space taken up by this antenna practically 

forces us to mount it outside, where it is more 
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likely to be free of such surrounding influences. 
All of this information indicates strongly that 
when the desired signals are weak, or there is 

serious interference, ghost or noise trouble, the 

outdoor antenna is still likely to be required. 

Effect of Changing Height of Antenna.—In-

cidentally, before we leave the general matter of 
directivity and orientation (temporarily, of 
course), one other general statement is pertinent. 

Turning the antenna about its vertical axis is 
not by any means the whole story. Moving the 
antenna up or down a few inches or feet will 
often produce large changes in signal strength, 
ghosts, and interfering signals and noise pickup. 

Be sure to keep this in mind in all antenna work, 
and particularly so when working on flat roofed 
buildings. Quite often such an adjustment 

measured in inches will make all the difference 
between usable pictures and hash on the screen. 

Now let's have a look at the problem of plac-
ing and orienting a dipole and reflector type 

outdoor antenna. This is a common type of an-
tenna. In suburban locations, you will seldom 
find that weak signals or really overpowering 
reflections or unwanted signals are serious prob-

lems. Also, the buildings on which you must 

mount antennas are usually of small to medium 
size, as mentioned earlier, being mostly dwelling 
houses, small to medium apartment buildings, or 
business buildings not more than six or eight 

floors high. These facts make antenna placement 
and orientation a good deal simpler than it is 
likely to be in downtown locations. 

In addition, improvements in receivers, an-
tennas, and the various materials and methods 
used in providing television reception are all 

helping to make installations in average loca-

tions easier and less time-consuming. For these 
and other reasons, it is quite likely that in many 

of the relatively good reception areas, one-man 
installation crews will be used in the reasonably 
near future. A good deal of the instruction in 

installation methods given in this Lesson is 
written from the standpoint of two-man installa-
tion crews, but this need not worry you, even if 
you suddenly find yourself a one-man- crew! 

The information that is given here is still 
valid, whether one man or two men are working 
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on the installation job. Naturally the receiver 
and antenna won't know the difference. 

Choosing the Type of Mount—Usually,_the 
problem reduces to choosing the spot on the roof 

or side of the building that is acceptable to the 
owner or tenant of the property, andis also mech-
anically and electrically practicable. In a good 
many cases, a chimney mount will be acceptable 

on all of these counts, particularly since the 
development and distribution of a more effective 

chimney mounting brácket. On dwelling houses 
particularly, you should consider this mounting 
method early, as it may save you quite a bit of 

drill work. However, the chimney mount isn't a 
cure-all, so use your common sense when you're 

looking it over, the same as you would in picking 

out a wife for some other guy, of course. 

This means to make sure the chimney _is_ 
reasonably sound and secure, not ready to belch 
bricks at the first tap of a tool, or likely to be 

crushed together by pressure of the mounting 
strap and brackets. You can check its condition 
by looking for soft, loose or missing mortar, 
loose, cracked and softened bricks, leaning out 
of plumb, etc. If your inspection shows nothing 

seriously wrong, try tapping fairly vigorously 
with a hammer on any bricks that look loose, and 

get an idea of the general condition by the sound 

and feel. All this takes only a minute but may 
save you and your company a lot of embarrassment 

later. Let's suppose now your tests show the 

chimney is okay to support the antenna. It might 
be a good idea to check with the owner before 
you actually get this far,if he is available, but 
it's unlikely that he will object to your choice 

if he has not already expressed some preference 

when you were introducing yourself. 

Can You Work on the Roof?—Supposing you 

find the chimney suitable, the next thing to de-
cide is whether you can work from the roof itself, 

or if you must use only the ladder. Standing or 
sitting on the roof itself is usually a good deal 

easier and faster, but this will depend somewhat 
on the type of roof, and its condition. Quite 
likely you'll be able to get an idea of these 

factors in your first inspection of the chimney and 
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surrounding rooftop. If the roof shows evidence 

of being in really had shape, so there is danger 

of damaging it while you're working, better re-
port the matter to the customer right away. It's 

a good idea to check with him as to whether the 
roof is already known to be leaking, too, as it's 

quite possible that a leak discovered after you 

have left will be laid to you, even though it 

existed before you arrived on the scene. If the 

roof looks really bad, better work from the ladder 
if you can, even if it takes a bit longer. But be 

sure you have explained the matter to the cus-
tomer, otherwise he may still attribute any leaks 
that show up to you, thinking you did use the roof. 

In most cases however, you'll find that roofs 

are okay to work from in suburban areas. Apart-
ment and business building roofs are seldom per-

mitted to get in really bad condition, although it's 
wise not to be careless with sharp tools, mast 

sections, or the heels of your shoes. 

Preliminary Check of Reception.—If it's prac-
ticable for you to sit or stand on the roof, you can 

tackle the preliminary orientation by running a 

suitable length of twin lead from the antenna to 
the set, making sure you allow enough, length so 

that you can make a good transmission line in-
stallation if the site turns out to be satisfactory. 

This point should be in your mind when you're 
connecting up for the trial. With your partner at 
the set,with a station tuned in, you can hold the 

antenna upright on a short mast section and point 
its axis in the general direction you know the 

transmitting station antennas to be. Naturally 

you should be able to communicate with him 

freely during this part of the maneuver, either 

by sound powered phones, or moderatcly raising 
your voice. Incidentally, it is not likely to 

increase your popularity, or inspire any very fav-

orable response from the neighbors if you do a 
great deal of loud, indiscriminate shouting, or 

make any more clatter and racket than is nec-
essary to do the job. One reason people live 

in the suburbs is to get away from city noise, 

so don't bring them any more of it than you can 
help. 

When your partner has a suitable station tuned 

in (a good team will have this point covered by 
the time the man on the roof is ready) start 

swinging the antenna, turning it in one direction 

or the other, not too fast, so you won't overrun 

the point of maximum signal before he can let 

you know you've hit it. It usually requires cross-

ing back and forth over the nose of the lobe a 

couple of times before you can spot it accurately, 

since it is not particularly sharp. When you set 
on the proper orientation for the station you're 

using for the check, hold the antenna steady and 

have your partner check reception on each of the 

other stations rapidly. Quite often,in suburban 
locationslyou'll find that you're already in bus-
iness, with a satisfactory signal on each active 

channel, in which case you can begin planning 
the final installation. However, let's suppose 

you find one or two stations a bit weak. Probab-

ly the best move here is to have your partner 

make dead sure of accurate tuning, and then 
carefully reorient the antenna for maximum signal 

on the weakest station. With this done, make a 

new check on all the others. Often you'll find 
that this does the trick satisfactorily. 

But let's go on, and consider that you still 
need more signal on the two weaker channels. 

Now you can see what a different placement of 
the antenna will do, and usually the best direc-
tion in which to move it is straight up. 
Quite often the signal strength shows rather 

sharp increases with just a few feet change in 
the antenna height, so better get a longer section 
of mast and hoist the whole contraption up a bit. 

When you've done this, try the orientation routine 

again, on the weakest stations, of course. If 

you're working in a normal suburban location, 
this should just about settle the matter. But if it 

doesn't, you still have several shots in the 
locker. Now is the time to take a look at the 
rest of the roof, or perhaps the roof of any other 

building under the control of the same owner or 
customer. 

Look for Obstructions.—Also, take a good look 

along the direction in which the antenna points 
when oriented for maximum signal. You may find 

a big gas holder tank, a tall apartment or factory 

building, or some similar obstruction. The idea 
is to find a spot that will permit raising the an-

tenna still higher, or give you a more direct look 
at the distant transmitting antennas past the 

obstructing object, if there is one. Also, now is 



Preliminary Placement and Orientation 9-21 

the time to look around and see whether or not 

there is anything quite near to the antenna which 
could be causing some of the trouble, such as 

perhaps an overhead power line, the wall of an 

adjacent building, etc. 

If there is no other spot on the roof that looks 
feasible, better get another section of mast and 

make a quick check of the effect of getting the 

antenna up still higher at the site where you are. 
If there are a couple of other possible places, 
warn your partner below, and move over to one 

of them. Go through the orientation procedure 

again, and have him carefully compare the best 
signal on the weak stations with the result you 

got at the former site. It's a good idea to pro-
ceed in this way at at least two places on the 

roof before you decide that a taller mast is going 
to be necessary, as a mast taller than 12 feet 

will require guying, which eats up more time and 

material. Don't forget the possible benefits of 

small changes of antenna height while you're 

working, either. 

When to Change Antennas.—Of course, if none 

of the expedients mentioned so far works, you 
will either have to put up a. taller mast, or try 

an antenna with more gain. The choice of which 
tactic to use will depend on the results you have 

gotten so far, and your estimate of conditions. 

For instance, if a small increase in antenna 
height showed a definite increase in signal 
strength, perhaps almost up to a satisfactory 
level, the twelve foot mast will probably do the 

trick. On the other hand, if the first jump in an-

tenna height did not produce much improvement, 

you may be better off to change antenna types. 

And here another factor enters the problem. If 

the weak station or stations are in the high 

band, addition of the high frequency folded dipole 
and reflector may do the trick. If you are using 

one of the dipole and reflector combinations, 
addition of the wings and high frequency reflec-

tor may be the answer. In either case, try the 
experiment and see what happens. If, however, 
a low band station is definitely weak, you may 

have to turn to a stacked pair of antennas of the 

type you are using. This is quite unlikely in 

most true suburban locations, though, and you 
should try the other possibilities mentioned here 

before you resort to the stacked array. Usually, 

the combination of testing different sites and 

orientations will result in a satisfactory signal 

from all the active stations, particularly when 

using the hi-lo combination antennas such as the 

dipole and reflector with high frequency wings 
and reflector, or the later conical type antenna. 

Placing the Antenna for Interference Reduc-

tion.—Of course, in case you have little trouble 

with signal strength, but do find there's quite a 

bit of noise or interference, you'll have to orient 

and place the antenna so as to keep all the de-
sired signals as strong as possible, while reduc-
ing the unwanted signals by getting them at least 

partially into one of the nulls of the antenna 
pattern. You'll often find that placing the anten-
na well to the rear of the building will help in 
eliminating ignition noise from the street. Also, 

in elevator apartments, keeping the antenna and 

transmission line fairly well away from the ele-

vator house will often reduce noise from this 

source. In other types of buildings, noise from 

other sources may crop up, and you will just have 

to try different spots on the roof to get a satis-

factory result. Such considerations apply mostly 

to apartment and business buildings having flat 

ro‘ifs and parapets, of course. The number of 

places you can mount the antenna un a dwelling 
house roof will usually be a good deal more 

limited, of course. 

Keep Installation Materials in Mind.—Your 

study of Lessons 7 and 8 has made you familiar 
with the tools and materials with which you do 

the actual installation, and of course you have 

these various components in mind while you're 

deciding which spot you will use for the anten-

na. The idea is to keep down the use of mat-

erial and labor time to the minimum that will 
produce a safe, satisfactory installation, and 

you must weigh these factors in your mind when 

you're choosing the site. If, for instance,there 
are two good spots for the antenna, both of which 

provide good results, but one requires use of a 
specially long bracket to bring the mast out clear 

of the eaves of the house, while the other needs 

only a chimney strap, the chimney mount is the 

one to use. These are points you'll have to learn 

to evaluate yourself, however, as an entire book 
could be filled with different specific examples. 
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Before leaving this matter of placement and 
orientation, we may as well summarize the basic 

principles involved. 7 he idea is to provide 

satisfactory reception uith the minimum expendi-

ture of materials and labor time, uith due regard 

to customer preferences, safety, and long time 

dependability of the installation. Where internal, 

indoor, or window antennas will serve, and the 

customer approves, these are the ones to use, 

but when there is reasonable doubt about their 
satisfactory performance, or definite resistance 

from the customer, it's best to get going on the 
outdoor antenna. When unwanted signals are a 

problem, the dipole and reflector types are more 
effective in reducing the interfering signal when 

it comes from a somewhat different direction 

than the desired signal — providing it is getting 

in through the antenna, and not being picked up 
by the transmission line. In case of weak signal 
difficulties, increasing the antenna height, 

changing the mounting spot, better orientation, 
or a higher gain antenna may be the answer. 

INSTALLING THE ANTENNA 

9-5. In case the indoor or internal antenna 

proves satisfactory during your preliminary place-
ment and orientation checks, the installation 
problem is obviously practically solved, and you 
can begin thinking about cleaning up and heading 

for the next job. You should, however, be sure 

that you've called the customer's attention to the 

orientation of the antenna, and emphasized its 
importance, so he can get it back in the same 

position after housecleaning, etc. Also, your 

connections to the antenna, the length of the 

piece of twin lead, and the connections to the 

set should be carefully made, so they will stay 
good. 

Placing a Window Antenna.—If the installation 

has wound up with choice of window antenna, 

the placement is more or less determined for you 
by the location of whatever windows are avail-

able. In general the placement of this type an-
tenna is done about the same as for the indoor 

unit—by trial and error. However, when you've 

settled on the best window, make sure you secure 

the antenna to the frame or sill firmly, and in as 
"clean" a way as possible, so it will offer a 

minimum of obstruction to window opening, 
screens, etc. 

Running the Transmission Line.—The trans-

mission line run will probably go best along the 

top of the baseboard around to the set, although 
occasionally it can be run up to a moulding, 

around, and down to the receiver. Usually this 

is less acceptable to the customer. In general, 
the use of regular fiber headed tacks carefully 

spaced will hold the line in place, but you may 
find spots where plastic tape is required. 

In certain types of modern apartments you may 

find that the baseboard is metal. In this case, 

you must keep the transmission line away from 
it at least three or four inches, and preferably 

further. It isn't wise to try running twin lead 

across a room under a rug, as the polyethylene 
is not capable of withstanding much wear and 
abrasion. Your own ingenuity and experience 

will help you here, as no one can anticipate 

all the problems that will come up, even in 

such a simple installation. The main points 

to remember are not to run the line close to con-

ductors for any appreciable distances, say more 

than an inch or two, and to fasten it in such a 
position that it does not interfere with normal 
use of the room and its furnishings. 

Mounting the Antenna Mast.—Where outdoor 
antennas are required, one of the first points to 

be settled after the site and orientation have been 

decided upon is the method of mounting the mast. 
If the results of placement and orientation tests 
permit use of the chimney strap, and the chimney 

is satisfactory from other standpoints, well and 

good. You already know what these points are. 

You can go ahead and secure the strap to the 

chimney and put the mast and antenna in place, 

bearing in mind that you must make a final ori-

entation after the transmission line run has been 

completed. A typical installation, using this 
method, is shown in Fig. 9-13. 

If the chimney mount is not feasible, the 
use of the ridge bracket may be the answer on 
a peaked dwelling house roof. This mount re-
quires the use of guys, run from a mast ring 
to suitable anchorages on the roof. It will 
require your best and most careful efforts 
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Fig. 9-13 

to handle this task efficiently in most cases, so 

don't take chances of an accident by slighting 
the job in an effort to hurry. Choose your guy 
wire anchorages with care, paying particular at-

tention to the matter of avoiding making the roof 

leak. Usually you can run the guys to the edge 

of the roof on a dwelling house, or to a gable 

window frame, or some other point which does 

not require making a hole in the actual roof sur-
face. If for any reason this is not possible, test 

very carefully before you drill for the lag screw, 
to make sure you are getting it into a solid piece 
of timber, and not merely into a couple of shin-
gles. 

Also, you must set the lag screw at such an 

angle that the guy does not exert a bending lev-

erage on it which would tend to open up a hole 
beside it in time. And of course, you should use 

tar or some other waterproofing compound liberal-
ly around the shaft of the lag screw and the hole 

itself, to make sure a leak doesn't develop later. 

On flat apartment house and business build-
ing roofs, you can use the flat board mount, if 

the antenna cannot be placed on a parapet or 

some similar place where guys will not be re-
quired. Here, however, some additional corn-

plications crop up, aside from the mechanical 

and electrical ones. On roofs to which people 

have access, the lowest element is often re-

quired to be at least 7 feet above the roof to 

prevent obstruction, and the rigging of guys 

may be well-nigh impossible without violating 

this requirement. Local building codes will con-
trol this point. It's usually best either to put 
the antenna on the parapet or a chimney, or to 

try to get it near a corner of the roof, where the 

guy wires will be a minimum nuisance. On such 
roofs, the anchorage of guys is also likely to be 

a problem, as they are seldom of materials which 
will take lag screws. Sometimes you can run the 

guys to points on two parapets, or to a chimney 

or hand rail, but these things will vary with the 
individual building. It is not usually a good idea 

to locate the antenna on or near the elevator 
shaft house, as elevators are a common source 

of bad electrical noise. 

If the antenna can be mounted on a parapet 
or wall, the regular wall bracket and lead anchor 
bolts are usually the best deal. This eliminates 

the necessity of guying, and usually gets the an-
tenna clear of the roof itself, so there is no 

danger of somebody losing an eye on it some 

Fig. 9-14 
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summer night while enjoying a rooftop breeze. 

Also, on buildings of this sort, it is usually 

much easier to run the transmission line and 

grounding wire when the antenna is not at the 

center of the roof, two points you shouldn't 

overlook. There are, of course, circumstances 

where you can't avoid locating the antenna in 

the middle of the roof area. Here's an example 

of such an installation which you can study: 

Fig. 9-15 

You can see by comparing this installation 

with that in Fig. 9-14, how much the parapet 
mount simplifies things. 

Antenna Grounding.— We come now to ground-
ing of the antenna installation, in order to 

comply with the Underwriters' requirements, and 

local building codes. In many localities, these 

rules and regulations were established many 

years ago, before television was even thought 

of. For this reason, you can expect some 

changes in the requirements as time goes on, 

and also some differences in different localities. 

At present, grounding of masts is required, 

either to a ground stake, or to some well grounded 
part of the building's frame or structure, such 

as cold water pipes, etc. In most parts of the 

country, it is not permissible to ground to the 
vent pipes of the plumbing system,under present 

regulations, as these pipes are often partially 

insulated by the caulking at the joints.I.ocal 
regulations should guide you for the final word 
on this question. 

It is also not permissible to ground to the 

copper flashing often found around the inner sur-

face of the parapet on business buildings. In 

most cases,this flashing is not itself grounded, 

and will therefore not help you to comply with 

the requirements. Admittedly, the grounding 
problem is often a knotty one, and you will have 

to use your imagination ;Ind ingenuity to solve 

it, but one thing is certain'. It must be handled; 

otherwise the question of liability in case of fire 

immediately arises. This matter of liability, 

remember, involves mostly compliance with the 

law. In actual practice, it is doubtful if even 

the very best possible ground will prevent 

damage if lightning actually strikes the antenna 

installation. But for the present, the rules as 

laid down must be followed. 

Use the prescribed aluminum grounding wire, 

and make sure it is really firmly connected, both 

at the mast end and to the point you have chosen 

as the ground. Several methods of testing for 
whether a particular part of the building is actually 

grounded or not are in use in the field. None of 

them is really satisfactory from a safety angle, 

for they all involve the use of the 110-120 volt 

power source. This is ample voltage to kill a 
man under favorable ( or rather, unfavorable) cir-

cumstances, not to mention the likelihood of the 

shock causing him to fall off a ladder, if he 
happens to be on one. The safest procedure is 
to know what parts of a building constitute sat-

isfactory grounds and which don't. Cold water 

pipes, steel framework of buildings, and fire 

escapes of steel framed buildings, are probably 
grounded. Cold water pipes are the best bet. 

Waste lines ( soil lines or sewer pipes) are not 

good bets, as the metal pipe used in the house 

often connects directly to ceramic tile pipes in 
the ground. The same is true of metal leaders 

running from the roof gutters to an underground 
drain. Fire escapes or steel girders supported 

only by masonry are not satisfactory grounds. 
Gas pipes and oil fill lines are ruled out be-
cause of the fire hazard involved. Metal roof 

flashing, gutters and window frames are almost 
never grounded. 
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In grounding on dwelling houses, you'll not 

usually find it too tough, as you can often drive 

a ground rod near the wall of the house, when 

nothing else will serve. However, if there is a 

cold water pipe handy, or some other part of the 

structure that will serve, it may actually provide 

better protection, and you should use it. Ground 

rods comply with the minimum requirement of the 

law, but your job is not only to do that, but to 

do better if you can,without going to an unreason-

able amount of extra work. After all, you want 

to keep customers, too. 

Use of Tools.—We haven't said much here 

about the actual mechanics of driving rawl drills, 

putting the antenna together, etc., and for some 

good reasons. You've had two lessons already 

dealing with materials and tools, and how to use 

them. Also, if you're working right along with more 

experienced men every day, they can help you 

catch the knack of such things much better than 

you can get it from a written lesson, no matter 

how carefully it is done. You should be getting 

from this the principles that govern your deci-

sions about placement and orientation, where 

and how to install the antenna, and the various 

other details of the job. Naturally, your skill 

and craftsmanship in handling the tools and 

materials will have a strong bearing on your suc-

cess in your work, and your advancement, so 
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bear down in developing them. But for the pur-

poses of this lesson, we assume you're reason-

ably competent in this department. 

INSTALLING THE TRANSMISSION LINE 

9-6. Fortunately, the transmission line run 

is seldom a really serious headache in suburban 

locations, so we will be able to cover it rather 

briefly. In general, the line should be run in a 

fairly direct way to the point where you plan to 

enter the building. 

Use of Stand-offs.—The line should be properly 

anchored with stand-offs, spaced usually not 

closer than four, or more than ten feet apart; and 

it is good_pract ice to put three or four twists in t ne 

twin lead between stand-offs,always in the same 

direction. This has the effect of improving the 

electrical balance of the two sides of the line 

Fig. 9-17 
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to ground, and aids in reducing unwanted signal 
pickup on the line itself. The line should be 
held away from conductors at least a line width 
or two at crossing points, and should never be 

laid along near such a thing as a copper rain 
gutter if you can avoid it, even if it means 

using quite a bit more line. Line is fairly in-

expensive, but signal energy isn't. 

Make sure your connections at the antenna 
are good and solid, and that the line is particu-
larly well supported by stand-offs in this region, 

as it is usually more exposed to wind and vibra-

tion here than lower down. Also, it's usually 
pretty darn conspicuous, and a loose end dan-
gling may result in a service call, even if it's 
only a piece of string or tape. At points where 

the line must cross edges of structures that 
might wear through the insulation under action 

of the wind, use the loom provided for the pur-
pose, and make sure it is carefully taped in 

place at both top and bottom. If water enters 
the loom, it may very well cause such loss of 
signals that a service call will result, so take 
special pains that the top taping is particularly 
secure and watertight. 

Regular or Heavy Duty Line?—Ineidentally, 
your choice between regular and heavy duty 
twin lead must be based partly on the service 
conditions you find at the location. In most 
suburban locations, the regular line will be 

satisfactory, but if there is danger of more 

than ordinary wind and weather wear on the line, 

better use the heavy duty stuff. In some local-
ities there are special conditions which must 

be met, but here again you can have all the 
information ready in advance. 

Oceanside Precaution. —One special condition 
is worth mentioning here, however. In parts of' 

the country near the ocean, some extra pre-
cautions are often needed. The most common 

one is the use of vinylite loom covering the en-

tire length of the twin lead transmission line, 

securely taped watertight with plastic tape at 

both upper and lower ends. In such regions, 

salt from windblown spray has a nasty habit of 

depositing on the line, whereupon the losses of 
the line go up, the amount of the signal reaching 

the receiver goes down, and the customer goes 

to the phone and calls for you. 

Putting the loom over the twin lead holds the 
deposited salt so far from the stronger part of 
the electric field around the line that the losses 

due to this effect are not serious, unless the 

water can get inside the vinylite loom some-
where. Don't let this happen on any line you put 
in. Tape the end of the loom. 

Fig. 9-18 

The use of the new type of tubular trans-

mission line is also helpful in avoiding sig-

nal loss due to water on the line, or salt 

deposits. In this line, the water or salt on 
the outside of the polyethylene dielectric 

material is held so far out of the really strong 
part of the electric field between the wires that 

it causes relatively small losses of signal. 

Horizontal Runs. —Some other points about 
running line are also worth mentioning. If you 

must carry the line horizontally for a consider-

able distance, it's best to make the vertical part 
of the run first if you can, at least down to per-
haps eight feet above the ground. At this level 
you have to begin thinking of the hazards from 

children and pets, and it's good practice to 
locate the line so it will be at least seven feet 

off the ground. The reason for keeping the 
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horizontal parts low down is to minimize the 
amount of all sorts of signals picked up by the 
line itself, as this usually adds to the orient-
ing difficulties. 

Entering the Building.—Getting the line into 
the building is one point you must settle next, 
and there are a couple of other factors that have 

a bearing on it, as well as the architecture of 

the building. You should be keeping the light-

ning arrestor in mind, and also the location of 

the set inside the building. Fortunately, you'll 
have some of this worked out in your mind 
merely from your experience during the pre-
liminary placement and orientation. 

Fig. 9-19 

In dwelling houses that have a basement, 
it'soften a good move to take the line in through 

a cellar window frame, using the wood drill and 
rubber plugs around the line to keep the hole 

water tight, as shown in Fig. 9-19. This usually 
lets you mount the lightning arrestor on a cold 
water pipe in the basement, which is at once 
out of the rain and on a good ground. 

The Inside Run.—Then you can take the line 
across the basement ceiling, often on the floor 

joists, held with fiber headed tacks, and up 

through a hole drilled in an inconspicuous spot 
near the wall just behind the receiver, after you 

know definitely just where it is going to be 

kept. Naturally, you tap carefully with a hammer 
to locate a clear spot for the hole, so you don't 
have to make more than one; or else you make 

a small pilot hole with a suitable drill, from the 
top, of course. If you're working with a partner, 
teamwork here between a man at the set and his 

teammate in the basement makes this go more 
smoothly. 

With the line in place and all secured and 

snug in the basement, you can apply plastic 
wood smoothly in the hole around the line, 
and there will hardly be any noticeable blemish 
remaining. lien you call prune the line to a 

length that permits reasonable movement of 

the television set for cleaning under it, or 

changing its location a bit in one direction or 
another, and connect it properly to the input 
terminals. 

Upstairs Installations.—If the set is not 
located on the ground floor of course, or it the 

house has no basement, you'll more likely have 

to bring it in at a window sill. Usually you can 
choose a spot that will be inconspicuous, where 

the line will not interfere with operation of the 

window, screens, etc., and will not be subject 
to abrasion. In choosing such a spot for the en-

trance hole, don't neglect the possibility of 

bringing the line in at the top of the window. 
Quite often it can be brought in through a hole 
in the window frame which is covered by the 

curtains or drapes, so that the Lady Of The 
House will not be annoyed every time she looks 

over that way. This also keeps the line off the 
ledge, where such things as flower pots and sim-

ilar bric-a-brac may damage it over a period 
of time. 

This entry method does impose more of a 
problem in fitting the lightning arrestor, how. 
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Fig. 9-20 

ever. At the present time,there is no arrestor 

that is completely waterproof, hence it is ad-
visable to get it inside, even at some inconven-

ience in making the installation. If you can get 
it mounted on a water pipe, warm air duct, or 

even a radiator, this will usually serve, but this 

is not always easy. If you are in an apartment 
building, there may be a metal baseboard which 
is grounded, and this is worth checking on. 

Failing that, it is even possible to make a ground 
connection to the outside metal sheath of elec-
trical conduit, as this is invariably grounded, 
but the use of water or air pipes is regarded as 
better practice. 

In apartment buildings, it will often be nec-
essary to bring the line in through French win-

dows or doors. These are likely to be of the 
steel frame type, with the individual panes of 

glass fastened in with putty. In this case, it is 
often possible to cut out one small corner of a 

glass pane in the stationary part of the window 

or door, and bring the line through the hole, 

suitably protected with tape or a short piece of 
loom. A glass cutter can be used to start the 
crack across the corner of the pane, and a small 
screwdriver can be used to dig away the putty. 
You will have to be very careful to avoid crack-
ing the whole pane, as this will involve a re-

placement, and of course, the transmission line 

still must come in through the new pane! Once 
in a great while you'll find that it is possible 

Fig. 9-21 

to work the line in around the edge of the glass 

after picking the putty away, without the ne-

cessity of cutting off a corner of the pane, but 

this is not often the case. In any event, make 
sure the line is securely held by a stand-off out-

side the window, so that movement by wind and 

weather can't wear the line in two where it bears 
on the glass and sash. The drip loop is also 

important, to prevent the possibility of a leak, 
and of course the tape on the line should fill 
the hole in the glass snugly. 

Don't forget to use loom if you must bring 

the line over a sill where there is chance of 
abrasion, and be sure to leave the spot as water 
tight as you found it, at least. This usually 

means rubber plugs or plastic wood in the entry 
hole, and use of a "drip loop" in some cases. 
Making this is just a matter of leading the in-
coming line down in a loop a little (maybe 

two or three inches) below the hole and then bend-

ing up to it, so water running down the line will 

drip off before reaching the hole. 

In some apartment and business buildings, 
you may be forced to go such a long way around 
to bring the line down an outside wall to the 

apartment, that the question of bringing it down 
a ventilation shaft may come up. By all means 
look into the possibility, particularly if there 

are antennas and lead-in already erected, but be 
cautious. Such shafts often act like wave guides 
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carryingevery darn electrical noise in the build-

ing along themselves, and if your line runs down 

several floors in such a shaft, you may find 

that you've mysteriously acquired a crop of 

noise and interference that didn't show up when 

you were placing and orienting the antenna. 

Final orientation and Adjustment.—When 

you've got the line in as it will be permanently, 

be sure you recheck theperformance on all chan-

nels carefully. Very often, making the perman-

ent installation of the line changes electrical 

conditions along it enough to make a noticeable 

change in the quality of the reception. If this 

shows up, you must hop back up to the antenna 

and touch up the orientation for best results 

again. If you're so unlucky as to find that now 

you can't get a satisfactory picture on all chan-

nels, make a careful check along the whole 

length of the line to make sure something hasn't 
cut or grounded it somewhere. Usually this will 

show up as a weakening of all signals, but you 

can't be certain in advance. 

It the trouble is noise or interfering signals 

that were not present before, trake a quick 

check by disconnecting the .antenna from the 

line. If this removes the interference along 

with the noise, the trouble has started since 

you began work on the line run, and perhaps a 

reorientation will minimize it. If disconnecting 

the antenna does not stop it, there's a chance 

you'll have to relocate the line. Go along its 

length and see if you can't find the offending 

noise source and figure out a way to avoii it. 

Of course the trouble may be pretty obscure, and 

you may have to take another temporary antenna 

and length of twin lead and hunt for a better 

site and orientation on the roof, but if your 

original job was done well, you'll already know 

whether there's much hope of making an improve-

ment that way. 

If all goes well on the final check, remember 

that, when one station is a bit weak, it's best 

to favor it in the orientation, and let the stronger 

ones come in as they will. Usually in suburban 

locations, all stations bear about in the same 
direction, but it's worth while to remember that 

when this is not the case, you can do quite a 

bit to equalize station signal strengths by orient-

ing the antenna carefully. With the antenna at 

its final orientation, be sure you set up the 

clamps firmly, check the guys for proper tension 

(not like bowstrings, not like hammocks), and 
generally see that everything is shipshape on 

the roof, all scraps removed, holes tarred, tools 

picked up, etc. 

DEMONSTRAT ION, CLEANUP AND DEPARTURE 

9-7. Back at the set you are now prepared 

to get the customer's final approval. Quite 

often he'll have been an interested spectator 
at your tests, so this part of the proceedings 

need not take very long. You have the bus-

iness of teaching him to operate the set, of 

course, but you should also show him the pic-

ture on each active channel, and explain any 

peculiarities of reception that may show up. A 

persistent ghost which could not be eliminated, 
for instance, should be pointed out and ex-

plained, as sometimes it may result in a service 

call that would not otherwise have been made. 

A little thought here will usually leave a much 

more pleased and satisfied customer than will 

be the case if you try to gloss over such a thing, 

particularly if you can explain the matter, and 
mention that you have installed and adjusted 

the antenna so as to bring the defect to a bare 
minimum. 

Fig. 9-22 
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Getting Approval.—You need not get any 

formal oath of acceptance from the customer, 
but you should make it clear to him that you are 

showing him the picture on each channel for a 

definite purpose, so he will know just what he 
is getting. You can even explain that this is 

standard practice, so he won't be puzzled or 

worried by any small defects on this or that 

channel, but in any case keep it fairly short 

and businesslike. You should of course make 
sure that he can operate the set, as we said 

before, but this is covered elsewhere. 

Cleaning Up—This too is usually a rather 

short piece of business, but it should be thorough 

and careful. You ought to pick up every scrap 
you have left, put them in the appropriate trash 

receptacle, gather all tools and excess materials, 

and above all, put all furniture and household 

fittings right back the way you found ' em, and 
do it carefully. That common-looking old side-

board may be a priceless family heirloom for all 

you know, so don't bounce it around like a 

broken egg crate. 

Incidentally, its a good idea to have one 
Irian cleaning up and stowing tools while the 

other is handling the check of reception and 

teaching the customer to operate the set. This 
cuts your time, and leaves the man with the 

customer free from distractions for the fairly 

diplomatic job he has to do. 

Last of all, you can check any windows and 

doors you have used to see that you've put them 

back as you found them, and you're all set. A 

last businesslike " goodbye" to the customer, 
and you pull away for the next job, not forget-

ting to drive away as carefully as you pulled 

up. And right here, maybe a last word of cau-
tion may be in order. It has nothing to do with 

antennas, but may save you some awful head-

aches. Be sure that no children or pets have 
parked themselves under the truck or near it 

while you were working. This can easily hap-
pen when your mind is on orientation and stand-

offs, and one such accident can cause you more 

trouble than ten antennas, even if they have 

built-in ghosts. 
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GENERAL REQUIREMENTS 

10-1. The five numbered requirements you 

studied in Sec. 9-1 of Lesson 9 apply just as 
well in the midtown areas of cities as anywhere 

else. But the problems you must solve to satisfy 

those requirements are likely to be much tougher 
than the ones you find in suburban installations, 

for reasons we'll go into presently. That's why 
it's wise to devote a separate Lesson to them, 

instead of lumping all antenna work together. Of 
course, it's well to keep in mind that we can't 

channel /3 channels el and 7 

make our classification of types of installation 

rigid. By "midtown" we don't necessarily mean 

every installation made in the down-town section 
of a large city. 

"Midtown" Conditions. — What we really have 
in mind are installations where 
conditions is generally found, 

good look at these conditions. 

a certain set of 

so let's take a 
Here they are: 

1. Signals on all active channels will range from strong 
to very strong, in some cases strong enough to 
overdrive the receiver input. 

2. The transmitting antennas are likely to be in several 
quite different directions as seen from the receiving 
antenna site. 

3. Noise and interference are likely to be much 
stronger, particularly during business hours. 

4. Ghosts are likely to be very common, quite strong, 
and often there will be several on a single station. 

5. Buildings in the area are likely to be mostly steel 
frame office, business, and apartment or hotel 
structures, often big enough to cause bad shadow-
ing in certain directions on' certain stations, as well 

Fig. 10-1 
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as the reflections that produce the ghosts mentioned 
in point 4 above. 

Due to the facts mentioned in discussing the 

location of television transmitting antennas, in 
Lesson 9, there's not much likelihood that this 

situation will change. It is necessary to get the 
transmitting antennas up high, and mounting them 

atop tall downtown office buildings will probably 

remain one of the best ways of solving this prob-

lem for some time to come. 

It is this single factor that is most responsible 

for the conditions that define our "midtown" 
location. Now that we have the five conditions 
nailed down, let's examine each of them in a 

little more detail, since they have a strong effect 
on the problems to be solved in midtown instal-

lations. 

Signal Strength. — In midtown locations, 
signals are almost always far stronger than the 

minimum necessary to produce a good picture 
with even a simple dipole outdoor antenna. How-

ever, this is not an unmixed blessing. Being so 
near the transmitting antennas, it is quite possible 
that the signal from the nearest one may be strong 

enough to overdrive (often called overload) the 
receiver r-f amplifier stage, or some later stage 

in the receiver. This overpowering signal strength 

causes severe picture distortion and other opera-
ting defects when the receiver is tuned to that 

channel. It may also show up in the background 
of several other channels because of an action 
known as cross-modulation, which will be covered 

later when we are looking into ways of dealing 

with such problems. 

Even if the signals from all stations are below 
the level where distortion begins to appear, they 

can cause some other troubles such as " phantom" 

signals that tune in on channels where no signal 

should appear, or obscure interference patterns 

that cause smear, and are hard to diagnose 
correctly. Of course, the high signal levels have 

certain advantages, too. Often the signals inside 
the building walls will still be strong enough to 

provide good pictures on several stations, even 
with the increased electrical noise likely to be 

present. Also, the strong signals easily make up 

for the loss in long transmission lines of the sort 
that must often be used in such locations. In 
addition, when other conditions permit, it is fre-

quently possible to get enough signal strength 
with a very simple antenna, but unfortunately the 
other conditions don't often cooperate so o-

bligingly. That is one reason why you must 
learn to size up each new installation job quickly 

as an over-all problem by checking all of the 
factors listed and balancing them against each 

other. 

Directions of Transmitting Antennas. — You'll 

remember froni Lesson 9 that the transmitting 

antennas usually are all in the same general di-
rection from a typical suburban location. Un-

fortunately, this is very definitely not so in a 
typical midtown in_3tallation. Here you may 
easily find yourself right in the middle of the 
cluster of tall buildings that support the trans-

mitting antennas, with perhaps one of them lo-

cated ' way out on one side of town for good 
measure. This is one of the most complicating 

factors in these jobs, because of the fact that 

the customer naturally wants and expects good 
pictures on all channels, if he can possibly get 
them. To make this even tougher, a large per-
centage of midtown installations are of the 
"commercial" sort — in bars, restaurants, etc., 

where the customer has a particularly strong 
desire for good reception on all channels all 

'round the clock, regardless of interference and 

noise conditions at various times of the day. As 

you already know, television antennas do not 
receive equally well from all directions, so when 

a single antenna is oriented to give good pictures 
on perhaps two or three stations, two or three 
others may be so weak that they are marred by 

noise and interference, or serious ghost trouble. 
The antenna directivity pattern will be very use-
ful to you in solving such problems; several of 
these patterns are shown on Pages 23 — 25. 

Noise and Interference. — The strength of 
electrical noise and interference voltages is like-

ly to be much greater in midtown areas, and there 

will probably be many more sources of such 

trouble-making radiations. Fortunately, the strong 
signals help to overcome the noise and interfer-

ence trouble, because within limits it is the ratio 
of television signal to interfering noise that is 

important, rather than the actual level of either. 
Thus if the signal is ten times as strong as the 
noise on a given channel, doubling the value of 
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both, or cutting both in half probably won't make 

much difference in the picture, so long as we 

keep the relationship between them the same, and 
do not overdrive the receiver input. 

The noise and interference in midtown office 

buildings is likely to be stronger inside the walls 

than outside, due to the shielding and containing 
effect of the steel frame, metal lath in the walls, 
and the numerous pipes, conduits and other elec-

trical conductors. The latter of these branch and 

connect through the entire building, and often act 

to carry noise or interference to points in the 
building far removed from the source. Of course, 

this adds to your problems of getting rid of the 

effects of such things, so you'll have to keep it 
in mind when you hit nasty interference cases. 

Fig. 10-2 

The fact that all sorts of electrical devices 

are in use in office and business buildings during 

business hours often complicates things still 
further. This is particularly true because as yet 
there is no code within the electronic industries 

that sets a maximum value on the amount of elec-

trical noise that even a new device in good order 
is permitted to radiate. And of course, when 

things like neon signs, drink mixers, oil burner 

motors, electric razors, fluorescent lights and 

pinball machines begin to get out of order, elec-

trical hell breaks loose. This may sound dis-
couraging, but it's better to be prepared for what 

you must face than to go in with your guard down. 

Ghosts and Other Reflection Effects. — Of all 

the headaches that beset the sweating installation 
man in midtown areas, ghost images are probably 
the most common, and among the most difficult to 

tame. The combination of many tall structures to 
reflect, and plenty of signal to be reflected, re-

sults in a regular hash of radiation going in all 

sorts of odd directions. If we could see the 
waves, it might give an effect like a strong light 
shining in a room full of mirrors set up at all 
sorts of angles and distances. At any rate, it 

complicates the installation problem greatly, 



General Requirements 
10-5 

particularly in combination with the other condi-

tions found in downtown areas. 

Reflected signals also cause another effect 
that is not noticed so often, but which can oc-
casionally cause trouble. This is cancellation of 

a desired or undesired signal at certain points in 

space where the reflected and direct signal 
happen to be equal in strength and 180 degrees 

out of phase. It shows up sometimes during 
placement and orientation, when the antenna is 

being moved around while the picture is studied 
for quality. Occasionally, as you move the an-

tenna about, you'll find a spot where practically 
no signal is obtained from the desired station, or 
maybe (happy day!) even troublesome noise or 

interference seems to disappear. 

Sometimes you'll find this cancellation effect 
useful, but it's tricky, and not too dependable, 

because with changing weather conditions or other 

things beyond your control, the effect may change 

drastically. 

Another touchy point is the position of the 
line, particularly if it is the parallel wire line, 
While you are orienting, the line must be practi-
cally in its final position, or you're very likely 

to find that when it is fastened to the stand-offs, 

in the final position, reception is quite different 
than it was during orientation. This is because 
the parallel wire line itself picks up a con-

siderable amount of signal energy, and this energy 
adds to or subtracts from the signal picked up by 

the antenna, in ways that are not predictable. 

Also, the cancellation effect is unlikely to 
work on more than one channel at a time, or with 

a change of orientation. Lastly, the effect is 

usually pretty critical, particularly on the high 
channels. Moving the antenna a few feet, or in 
many cases even a few inches, will make a big 

difference in the quality of the picture, and this 

can cause trouble when there's much wind. Of 
course, the opposite effect also shows up just 

about as often, in which the direct and reflected 
waves add up in phase, producing a particularly 

strong signal when the antenna is at that parti-
cular point in space. The same criticisms apply 

as for the cancellation effect, when you're con-

sidering taking advantage of this condition. 

Architecture of Buildings. — Many buildings 

in the midtown area of large cities are likely to 

be steel frame structures of considerable size 
and height, ranging from ten or twelve to maybe 

fifty or more floors. Even the hotels and apart-

ment houses in midtown areas are usually pretty 

big and of fairly modern construction, with 
elevntors, underground garages, and above all, 

lots of electrical conductors in their walls, floors, 

and ceilings. You've got to think of them this 

Fig. 10-3 

way, for these things will affect your work every 

day in dozens of ways. Most buildings of this 
sort are fairly well kept up for obvious reasons, 
and there will be a whole staff of people whose 

sole job is to maintain the building and perform 
the various services required by the tenants. 

The head man of this force is often called the 
building superintendent, and on your first visit to 

a particular building, you'll usually have to find 

out through his office which man in his organi-
zation is the one to answer your necessary ques-

tions and tell you what can and cannot be done 
on an installation job. This man is quite often 

the building engineer, and after you contact the 
customer, your next move will usually involve 

consulting him about the building rules about 

antennas, line runs, and similar matters. He 
usually knows the building thoroughly, and can 

be of immense help to you if you establish and 
maintain good, business-like relations with him. 
We'll cover this more thoroughly in the next 

section dealing with specific matters. 

Getting back to the general architectural 
features of midtown buildings, we find quite a 
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few points to 

have quite an 
surrounding it. 

ing antennas. 

be remembered. Almost all will 

area of flat roof, with parapets 
These are often handy for mount-

All will have fire escapes, and these are often 

useful places from which to work when making 

your vertical transmission line run when you must 

go down many floors. Don't forget, however, that 
in almost all sections of the country it is illegal 
to fasten anything to a fire escape. This can get 
you into trouble with the Building Inspector. 
Older buildings may have big, overhanging cor-

nices that make it somewhat difficult to run a 

line over the edge and down without leaving an 
unsightly loop hanging out to flap in the breeze. 
It's much better to find a different route for the 

line, if you can, in such cases. 

You'll usually find elevator machinery en-
closures on the roof, or maybe one floor below, 

and perhaps a water tank or a penthouse, or a 
ventilating fan housing at the top of an air shaft. 

Sometimes an elevator or air shaft may be useful 
for routing a transmission line, but as you'll 
learn later, there are good reasons for being 

cautious about them, too. Aside from technical 

considerations, such shafts are also subject to 

the local Building Codes, just like any other part 
of the building. Naturally, you must make sure 

that the Code in your locality permits running 
lines down shafts, before you make any such 
installations. You should have information on 
this and similar points. 

Building Materials. — The materials used in 

the construction of midtown buildings are pre-
dominantly brick, stone, concrete, plaster, and 

steel. Naturally, you'll find that most of the 
holes you make for fastenings will be in such 

materials, although occasionally it will be possi-

ble to fasten into the wooden part of structures 
built on top of the roof proper. When you can 

fasten into wood, it often cuts the time you re-
quire for making holes, but you must be sure that 

the fastening is both strong and permanent. Don't 
forget, either, that you must leave it as water-
tight as you found it. 

The material used to make the roof surface 
itself watertight is often heavily tarred paper, 

Fig. 10-4 
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either plain or with a surface coating of fine 

crushed stone or something similar, to resist 

mechanical wear. In working on such roofs, the 
methods and precautions you learned in Lesson8 

must be kept firmly in mind. This advice of 
course applies to all questions of water tightness, 

as it is one of the points most likely to cause 

trouble. 

Safety Sense. — It shouldn't be necessary to 
remind you that many midtown buildings are high, 
that climbing is dangerous, and that death is 

fairly permanent. Don't take any foolish chances 
to impress the people on the street, your working 
partner, or yourself. A good rule is, when there 

is any doubt in your mind, don't try it. There is 

usually an easier way anyhow, which you can 
find by using your head, or asking the building 
engineer; so don't make like a steeplejack run 

mad. 

Density of Television Installations. — Midtown 

areas are likely to have far more television re-
ceivers within a given radius than is the case in 

any other area, simply because the density of 

human population is so great. If you don't think 

this can grow into a serious problem, get a load 
of this: 

Fig. 10-5 

There is just one way to describe this situa-

tion. It's a mess. Practically everything is 
wrong with it, and the only reason any of the 
customers in this large apartment building are 

getting satisfactory reception is because the 

signals on this roof are so strong that the trans-

mission line alone may well pick up enough. 

Admittedly, this is a bad case, but it will give 

you an idea of what density of installations 
means, and what you must try to avoid if building 

regulations will permit. Unfortunately, landlords 
of many large apartment and office buildings still 

restrict sharply the area of the roof on which an-

tennas can be mounted, or prohibit roof-top in-
stallations entirely. This adds another throb or 
two to your headache in midtown installation 

work, but until some solution to such situations 

is found, you will just have to make the best 

compromise you can between good installation 

practices and the conditions you find. Nobody 
can do any more than that. 

Commercial Installations. — A much larger 

percentage of "commercial" type installations is 
likely to occur in midtown areas than in either 
suburban or fringe areas. This is because many 

television sets are installed in bars, hotel 

lounges, restaurants, office waiting rooms, and 
similar places, for business reasons. 

In such installations, the customer usually 
wants to know in advance whether or not the re-

ception he can get will justify the considerable 
expense entailed. Often he authorizes a survey 

to be made, for which there may be a service 
charge that can later be deducted from the in-

stallation cost, if he decides to have the tele-
vision set put in. You will undoubtedly handle 

quite a few of these surveys when you get into 
midtown work, and right here it's a good idea to 

get certain points very well fixed in your mind. 

Be on your toes in making such surveys, and do 
your level best to give the customer an accurate, 

unbiased analysis of the actual reception situa-
tion. Don't try to be persuasive, and don't be 

either pessimistic or optimistic. He is the guy 
who's footing a bill than can he very sizeable, 
and if he later has cause to regret a choice he 

feels you persuaded him to make, you can be sure 

that you've made an enemy for your company, and 

maybe trouble for yourself. 

These commercial installations are often 
among the toughest to make, both because the 

customer needs and expects even better and more 

dependable performance and service than he de-
mands in his home, and because the locations are 
often regular nests of noise and interference, or 

require extremely long transmission line runs. 
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For instance, you'll find far more commerical in-
stallations using coaxial cable or Twinex in spite 
of the greater expense, because of the greater 

ruggedness, and freedom from interference pickup 

Fig. 10-6 

it offers. Even non-commercial installations in 
customers' apartments in midtown areas often re-
quire it, if good results are to be had, and this 

possibility should not be forgotten. 

PLANNING THE INSTALLATION 

10-2. There is always quite a bit of informa-
tion in any service shop about the conditions 

existing in the area it serves. The experience 
already gained is a continually growing fund that 

should be available to every man working out of 
the shop. It is usually passed on to everyone 

who can use it, either in the course of regular 

shop talk, or by the various means mentioned in 
Lesson 9. The point is that you can get an idea 

of general conditions in the area where you work 

before you actually start for the job, and it's up 
to you to keep as well posted on your area as 
you can. 

Non-Uniformity of Midtown Conditions. — In 

general, the factors affecting an installation will 
vary much more from building to building in mid-

town ,areas than in suburban and fringe areas. 

For instance, an installation on a 12-story hotel 

building in midtown New York will probably be 

quite different from one on the roof of a 40-story 
office building across the street, or even right 

beside it. On the other hand, installations in 
adjacent dwelling houses in a quiet suburban 

neighborhood may show practically identical 

signal levels, orientation, and general results. 
This difference is due in good measure to the 

greater differences in the heights of adjacent mid-
town buildings, and the big changes in reflection 

effects, cancellation, etc., produced by moving 
a midtown antenna even a few feet. 
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Due to this difference, it is pretty hard to get 

an advance idea of what you're going to find at 

the location, unless you already have information 
on an installation in the very same building. When 
this is the case, you may take advantage of such 

knowledge to shorten and speed the job. As an 
example, you may know from the address that a 

certain installation is in a building where the 
only usable transmission line route down from 

the roof is through an electrically noisy elevator 

shaft. From that, you know already that the job 
will probably require coaxial cable, or Twinex, 

and if you're familiar with the other installations 
in the building, you may even know about how 
much line will be needed, where you can put the 
antenna, and several other things, just from the 

address. 

These are points to be considered when you 
start on your job orders. On your way to the 

location, such planning ahead will often cut an 

hour from a job, or insure that you have any 
special equipment a particular location requires. 

Of course, any special information that you get 
from the dispatcher with your job orders should 
be added into your thinking ahead, too. 

Unlike the case in suburban installations, 

you're not likely to pick up much useful informa-
tion driving to a midtown job. The kind and 
orientation of antennas will usually be meaning-
less so far as your particular job is concerned, 

even if you could see many of them. And the 
traffic conditions will usually justify your full 
attention to the task of driving, anyhow. 

Things to Find Out on the Job. — Unless you 

already have knowledge of the building from pre-
vious installations there, you'll have quite a bit 
of information—gathering to do before you can 

really get down to the business of jockeying the 
antenna around and driving in stand-offs. After 
contacting the customer and learning where the 

set is to be put, the model, and such details, 

your next move will usually be to contact the 

superintendent, to find out where the antenna can 
go, how you can route the lines, how to get ac-
cess to the roof, and any other information you're 

likely to need. In this respect, don't forget to 
check with someone for an a-c power outlet you 

can use for the receiver power source. Many 
business buildings have both a-c and d-c, and in 
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some, the outlets are similar, which can lead to 

trouble. 

The general remarks about positioning the 
set, the customer's wishes etc., that were covered 

in Lesson 9 also apply here, although usually 

you're limited in choice more by the conditions 
you find in the building than by anything else. 

This is because it is usually harder to provide 

the desired satisfactory pictures in midtown in-

stallations, because of the points already covered 
in this Lesson. For instance, if antennas aren't 
permitted on the roof at all, which is sometimes 
the case, you've got to fall back on the internal 
antenna, an indoor V, or perhaps the window type, 
if it is permitted. If rooftop antennas are per-

mitted, it's a good idea to get a test line of twin 
lead strung as soon as the unpacking job is 

completed. If you have a two-man crew, one man 
can be setting up the receiver while the other 

gets detailed information and advice from the 
building engineer or his representative, and gets 

the line and antenna ready. 

The condition of the roof is not likely to be 

bad on the buildings usually found in midtown 

areas. Managers of city buildings know it is good 
economy to keep roofs in proper repair. If you're 

in doubt, check with the engineer or superinten-
dent about the place you wish to mount the an-

tenna, and the route you have in mind for the 

transmission line. And don't forget that, if you 

are still doubtful about the condition of the roof, 
a written release is required before you are in the 
clear in case of subsequent damage. 

One other point not directly connected with 
the possibility of leaks, but definitely related to 
the condition of materials on the roof, is the 

matter of anchorages for your antenna mount, or 
guy or safety wires. Wind velocities are likely 

to be greater on top of high buildings than on 
suburban roofs, and the danger in case an antenna 

is blown off a midtown roof is much greater. This 
is true not only because of the height, but be-

cause so many more people and items of property 

are crowded into' the possible danger area. By 

all means be extra careful to choose good, solid 

materials into which to sink any bolt or lag screw 
holes, and make sure the part you fasten to is 

well anchored to the building itself. 



10-10 
TELEVISION SERVICING COURSE, LESSON 10 

Alternative Mounting Places. — Usually, on 
first looking over a roof, you'll spot two or three 
possible places for the antenna, but it's quite 

likely that one will appear preferable, providing 

a stronger mounting, an easier line run, etc. The 

main thing is to size up quickly the alternative 

mounting places, so you can select the most 

practical one for your first placement and orienta-
tion attempt later. Of course, you must juggle, 
in your mind, all the factors involved in making 
your choice, just as you do in suburban locations, 
or anywhere else. The considerations of possible 

line routes, mounting, and the others listed in 
Lesson 9, also apply here. 

Transmission Line Routing. — While you're 

spotting possible antenna locations, you also 

have the matter of the transmission line routing 
in mind, if you are really on the ball. Such points 
as suitable support, how best to make the vertical 
part of the run down to the proper floor, and how 

to keep the line clear of hazards such as open-

able doors and windows, places where people 

must walk, etc., must all be considered. 

Fig. 10-7 

In addition, there is another special factor 

that is not ordinarily part of the problem in subur-
ban work. In midtown areas, you will probably 

find it necessary to use coaxial cable trans-

mission line more often. This type of line can 

be installed along routes that are unsuitable for 
twin lead lines, because it is much less sus-

ceptible to signal and noise pickup. If you ex-
pect to have to use coaxial transmission line, 

remember that it is much less critical about being 
run near conductors or through noisy areas, and 

plan your run accordingly. Remember, too, that 

in severe cases, Twinex line may give still better 
result s. 

Getting the Line to the Receiver. — In dis-

cussing suburban work, this problem referred 

almost entirely to the matter of bringing the line 

into the actual room where the receiver was. This 

usually meant coming through the outer wall near 

the receiver, perhaps through a drilled hole in 
a window casing, or entering a basement window, 

Fig. 10-8 

and taking the line up through a hole in the floor 
of the proper room. In midtown work, the possi-
bility of using the room below to pass the line 
through is almost nil, for obvious reasons. On 

the other hand, entering through a window or 

casing is often very practical, and in addition, it 

is sometimes possible to carry wires across 
rooms between wall surfaces, or on top of false 
ceilings. Here again you'll have to lean heavily 

on information you can get from the supervisor of 
the building, or possibly from the tenant. The 

point is, get the information, and be considering 
the best routing right along, as you work. Busi-

ness buildings are likely to be tricky in this re-
spect, particularly if you are using parallel wire 
transmission line, because of various electrical 

and legal considerations. From an electrical 

standpoint, midtown buildings are likely to have 

large amounts of metal in their structure, often 

painted or otherwise covered so that it is not 

obvious whether it is metal or wood. Baseboards 
and door casings are often of metal, for instance, 

and if you run the twin lead flat against such 
things, you're asking for trouble due to unbalance 
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and loss of signal. If you're in doubt, tap care-
fully with a screwdriver handle or something else 
that will not mar a painted surface. You can 

usually tell by the sound whether a fitting is 
metal or wood. Even plaster wall surfaces may 

be supported on expanded metal lath, and this, 

too, can cause trouble with parallel wire lines, 
if the line runs along the wall surface for a 

considerable distance. 

In choosing a way to get the line from the 
point of entry to the receiver, you may find it 

possible, in some cases, to run the line within 
the thickness of a wall, where there is already a 
conduit for pipes, other electrical wiring, or 
ventilating ducts. Some offices have false ceil-
ings with a space above them through which 
wires can be run. In any such case, there are 

Building Code restrictions as to the kind of 
wiring that can be used, and the way it must be 

protected. In almost every locality, it is neces-
sary that wires run through such inaccessible 

places have an outer protective jacket, and be 

run through conduit as well. This automatically 

rules out running parallel wire line through such 
places, but it is quite possible to install coax, if 
it is run in suitable conduit. It is worthwhile 
looking into this possibility, particularly where 

an installation is to be made in a building still 

under construction or alteration, as modern archi-
tects are getting into the habit of providing for 
accessible conduit, to facilitate future additions 

to, or changes in the wiring or piping. 

Grounding the System. — In midtown areas, 

the grounding problem usually resolves itself into 
how best to make firm contact with the metal 

frame of the building, as it is usually out of the 
question to run a separate line all the way to the 

ground for this purpose. Here you will have to 
use your powers of observation in locating the 
best available connection, as there are often 

dozens of metal structures near at hand. If the 
antenna has to be placed in the middle of a flat 

roof, it may be necessary to run a long ground 

lead lcross to some suitable connection, such 
as one of the supports for the water tank. Don't 

fall for the temptation of hooking onto the nearest 

pipe protruding from the roof, for in many places, 

soil or vent pipes are actually very poor grounds. 

The copper flashing around the parapet, along 

the upper edge of the roof's watertight layer, is 
also likely to be a poor ground connection. Your 
best bet is to get to a cold water pipe, or a part 
of the building frame, or perhaps at the elevator 
shaft bulkhead or at the water tank. It's a good 

idea, if possible to make a test before you accept 
a grounding point as being suitable. 

Mounting the Arrestor. — In general, the prob-
lem here is the same as in Lesson 9. The ar-

restor should be protected from moisture as much 
as possible, even though improved models are 
not so susceptible as earlier ones to change of 
performance because of dampness. A water or 
radiator steam pipe that will permit attachment of 
the arrestor inside the apartment or office suite 

can usually be found. In some cases, a metal 
baseboard will serve, if holes are drilled and 

tapped for the mounting. However, metal base-

boards are often so installed that they are elec-

trically insulated from the building frame, in which 
case they will not serve. Of course, you should 

keep the installation as neat and inconspicuous 
as possible, no matter where it is made. Instal-
ling the arrestor on the mast is definitely bad 
practice, and should never be done. 

SELECTING THE ANTENNA 

10-3. Right here we run into a fairly compli-

cated situation, due to the prevalence of reflec-
tion troubles in midtown areas. One of the effec-

tive ways to minimize ghost troubles is to use a 
highly directional antenna, which does not re-
spond well to reflected signals arriving from 
directions differing substantially from the path 
followed by the direct signal. But here serious 
trouble pops up. In midtown locations, the trans-
mitting antennas do not all bear in the same 

direction from the receiving antenna site. This 

means that an antenna that is highly directional 
will not only discriminate against unwanted 
ghosts coming from the side and rear, but will 

also respond poorly to signals from television 
transmitters in these directions as well. The map 
shown on the next page illustrates this. 
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Fig. 10-9. A typical midtown area. 

What to do? We can't use an antenna that re-

ceives almost equally well from all directions, 
unless there's practically no ghost trouble on 
any channel, a condition so rare in a midtown 
district as to be freakish. So far, there isn't any 
cheap, easy solution to this problem. Most in-
stallations where the conditions are really severe 

wind up as a fair compromise between the number 

of channels received well, the ghost situation, 

and the cost. Obviously, if we could provide one 

highly directional antenna for each channel, and 
orient each one to receive a single channel with 

maximum efficiency, we'd have the best possible 
result. Then all that would be necessary would 

be necessary would be to switch to the proper 
antenna when tuning to a particular channel. Of 
course, the customer would almost have to have a 

private entrance to Fort Knox to make such a 
costly installation very attractive. Another fairly 
effective solution in those cases where the 
customer is willing to stand the expense is to in-

stall an all-channel antenna that can be oriented 
on each desired station by remote control from 

the receiver. This is practical, but requires a 
more elaborate installation as noted, and adds 

another control to those on the receiver, which 
must be manipulated by the customer. However, 

where this extra control and the added expense is 
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acceptable to the customer, the rotary arrangement 

is often the best answer. This, and other special 
installation problems, will be discussed in 

Lesson 12. 

Use of Multiple Antennas. — Probably the most 
practical solution for the more serious cases is 

the use of two or perhaps three antennas, with a 
switching arrangement, so that the desired one 

can be selected at will. This is also expensive, 
but the results obtained often justify the cost, 

particularly in commercial installations. 

On some sets, it is possible to add an extra 

switch wafer at ,the rear end of the channel 
selector switch, and use this to connect the 

proper antenna to the set when the selector switch 

is turned. 

If two rooftop antennas are used on separate 
masts, two complete transmission lines must be 

run, of course. Alternatively, it may be possible 
to get satisfactory results using a single rooftop 

or window sill mounted antenna, and a second 
antenna of the indoor V, or perhaps the internal 
antenna supplied with later models. In midtown 

antenna work, it is often impossible to make the 

final antenna selection until some preliminary 
trials have been made with a dipole and reflector 

type antenna. 

General Rules. — The situation will differ 

from city to city, and at different points in any 
given city, so that it is impossible to lay down 
hard and fast rules that will solve all problems. 

However, here are some general considerations 

that will prove useful. 

1. Where only one or two stations in the same 
general direction have serious ghost trouble, try 
using a dipole and reflector type antenna oriented 

in a compromise direction so as to get satis-

factory pictures on these two channels. Use the 
internal antenna or a V indoor antenna for the 

others, if it will serve. If the two channels 
troubled by ghosts are on high and low band 
channels, you may do better with a high-low com-

bination antenna, with the high band section 
oriented for the best picture on the high channel, 
and the low section set for the low band station. 

2. If the stations troubled by ghosts are in 
the same band (high or low), and happen to lie in 

quite different directions, consider the use of two 

separate antennas, properly oriented. Remember 

that you may be able to get good pictures from 
one or two of the other stations on each of the 

antennas, also. 

3. If serious ghost trouble is present on several 

channels, talk the matter over with the customer 

and see if he is willing to settle for an antenna 
and orientation that will give him adequate pic-

tures on his favorite stations only. Be sure to 
explain the alternatives of using more antennas, 

or installing a rotator and suitable directional 
antenna, and the matter of the added cost. 

Fig. 10-10 Antenna with rotator. 

4. Do not overlook the possibility that one or 

more of the alternate antenna mounting places 

you spotted on the roof may provide better overall 

results. Keep this in mind also when installing 
more than one antenna. Your preliminary tests 
(to be covered in the next section) will help a 
lot here, by showing you what channels can be 

received with the antenna at one or more of the 

possible mounting positions. 
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5. Bear in mind what was said earlier about 
small vertical movements of the antenna. Such 
adjustments will often minimize a ghost suffi-
ciently to make the difference between a usable 

picture and one the customer will reject. This 

fact is bound to have some bearing on your choice 
of an antenna, too. 

6. Where excessively strong signals from one 

or more stations are a part of the problem, it 
might seem advisable to select the antenna that 

provides the least signal voltage. However, be-

cause of noise, interference and ghost problems, 
it is almost always better to select the antenna 

that gives the highest ratio of desired signal to 

ghost, noise or interference voltages. You can 

dispose of the excess voltage with resistive net-

works or other means we'll cover in Section 10-5 
of this Lesson. 

Difficult Situatioas. — Regardless of what has 
been said here, and all the information you can 
pick up from your workmates, and in other ways, 

you're still going to run into situations that tax 
all your knowledge and ingenuity. All you can 

do is try whatever expedients you can think of, 
and use your head in considering the *results. 

Don't hesinre to explain the situation to the 

customer, if you get to a point where a question 
of added expense is involved. He must under-
stand the choice you are offering before he can 
decide what he wants to do. 

Above all, don't let even the most exasperating 
prdblem involving multiple ghosts, interference, 
noise, and other difficulties make you throw up 
yoe hands in complete defeat. Almost always 

there's some way to get a fair result, but the guy 
who gives up when the going gets tough isn't 
going to find it. 

PRELIMINARY PLACEMENT AND ORIENTATION 

10-4. These expressions mean just the same 
as they did in Lesson 9, of course. Due to the 

close interlocking of the problem of selecting an 
antenna with the problem of placing and orienting 
it in these tough midtown jobs, much of the in-

formation on placement and orientation has been 
at least mentioned in discussing the last topic. 

We'll assume that you've determined roughly 

what sort of antenna you're going to need, by 

considering the factors treated under the last 

section, which covered antenna selection. If you 
have made a check with the internal or indoor 

antenna while considering a choice of antennas, 
you already know whether or not one of these will 
be satisfactory. Chances are it will not, but in 

case you've decided to try these because of 

special considerations, placement and orientation 
will be limited by the customer's requirements, 

as well as technical considerations. Try results 

with the internal antenna by orienting the receiver 
within the limits the customer's requirements 

will permit. 

With the indoor antenna, try various orienta-
tions with the antenna placed on top of the re-
ceiver, or on some other nearby horizontal sur-

face. Often it will be possible to put the indoor 

antenna on a window sill or shelf near an outside 
wall, with fair results. However, indoor antennas 

cannot do miracles, and when you have done the 

best you can, you'll have to explain this to your 
customer, if no other antenna can be used. It is 
sometimes possible to use several folded dipole 

antennas made of parallel wire line, with a 
switching arrangement to select the best one for 

each channel, but this sort of arrangement comes 
more under the heading of special installations. 

In placing an outdoor antenna, make your first 
try at the spot you consider best, considering all 

the factors involved. However, keep any alter-

native places in mind, as even a small change in 
antenna location or height will often produce a 
large change in reception, in midtown installa-

tions. This is due partly to the larger number of 

conductors near the antenna, and partly to the 
general architecture of midtown buildings. 

Exact Placement May Be Critical. — Instal-

lations on metal roofs are often particularly 
touchy as to placement of the antenna. Small 
changes in antenna height, placement, or orienta-
tion are likely to make big changes in the picture. 

This means you must work a bit more slowly and 
carefully in making such changes, in order not to 
overrun the best adjustment. 

If your first antenna spot gives satisfactory 
results, well and good. If not, better check or.e 
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of the alternate places, rather than take a great 

deal of time trying for a compromise arrangement 

at the first spot. In all placement work, you must 

naturally take into account the shadowing effect 

of large buildings around the location. Many 

midtown rooftops are large enough to give you 

quite a bit of leeway in avoiding this and similar 

troubles. 

Best Compromise Results. — Your final choice 

of place and orientation will naturally be the 

compromise that produces the best average re-

sults on all channels receivable at the location, 

unless the customer requests you to favor some 

particular channel or channels. This is some-

thing you should find out about as soon as you 

discover that some compromise is going to be 

necessary, for it affects all the rest of your 

operations. A good scheme is to explain the prob-

lem to the customer, showing him the picture re-
sults, if possible, and then take note of the 

channels he wants you to favor. And incidental-

ly, when you make the final adjustment and orient-

ation, don't forget to favor those channels he 
wants. 

MAKING THE INSTALLATION 

10-5. Regardless of whether you are instal-

ling an antenna in a suburban, midtown, or fringe 
area, the general results you want are the same — 

satisfactory pictures on as many of the active 

channels as possible, long-term dependability 

with minimum maintenance, compliance with safe-

ty rules and building codes, and acceptability to 

the customer and others concerned, with reason-

able economy in labor and material costs. How-

ever, the problems you must overcome are some-

what different in each of the three areas. Natural-

ly, the methods you use to get the desired results 

will also have to vary, if they are to solve the 
varied problems involved. 

From the earlier sections of this Lesson, you 

already have some idea of the differences be-

tween conditions in a midtown location and those 

discussed in Lesson 9, where we covered subur-

ban installations. The greater noise and inter-
ference levels in business and industrial areas 

of cities often make it necessary to use Twinex 
or coaxial cable transmission line, noise filters 

in the power line, and other such devices to get 

a satisfactory signal-to-noise ratio. The archi-

tecture of midtown buildings often requires long 

transmission line runs; there are many reflected 

signals, and so on. In fact, one particular trouble 

shows up often enough to justify some special 

consideration. This is the matter of excessively 

strong signals from one or more stations, which 
we mentioned earlier, in connection with choice 

of antennas. 

What To Do About Excessive Signal Strength. — 

Where overly strong signals from one or more 

stations are a problem, there are three possible 
ways to tackle it. These are: ( 1) orienting the 

antenna to reduce pickup from the strong stations; 

(2) inserting resistive "pads" in the transmission 

line at the receiver input, and; (3) shunting the 
input with a tuned stub. Of these methods, ori-

enting the antenna is likely to be inadequate, 

except in mild cases, and it may also weaken 

signals from other stations too much. 

Resistance Pads. — Resistive pads ( networks 

of resistors) reduce the signal strength on all 

channels, and so are only helpful when the 

weakest channel can stand as much reduction in 

strength as is necessary to permit good reception 

on the strongest channel. Connecting a single 
resistor of some value between, say, 25 and 1000 

ohms across the receiver input terminals is some-

times done. However, this results in an im-

pedance mismatch, which is likely to produce a 

"built-in" ghost if the installation has a long 

transmission line. Instead, attenuating pads of 
the "H" or "T" configuration should be used. 

These can be made up from standard values of 

RMA half watt resistors. Suitable values to 

reduce the signal voltages to one-half or one-

fourth the unattenuated value are given in Fig. 
19-11. 

The Il configuration is for 300 ohm parallel 
wire or Twinex lines.. The T pads are meant 

or use between coaxial line and the matching 

transformer at the receiver input. Resistor values 

given in Fig. 10-11 are the nearest RMA standard 
value to the exact calculated value, in the 5 or 10 

percent tolerance class. The values are not 
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Fig. 10-11 Resistance pads. 

critical, and the nearest values in the twenty 
percent tolerance class may also be used, with 
somewhat less accurate impedance matching and 

loss percentage. One-half or even one-quarter 
watt resistors are adequate size, but the one-half 

watt type has somewhat less reactance at tele-
vision frequencies, and is preferable. 

Such pads will seldom be the perfect answer 
because of the loss on all channels, which limits 
their usefulness. For this reason, only two sets 

are shown, capable of reducing the voltage ap-
plied to the receiver to one-half or one-quarter of 

the applied voltage. More complete information 
on such attenuating pads is given in any standard 
radio reference book. 

Line Stubs. — To reduce the strength of a 

single station, without reducing all other stations 
an equal amount, sections of parallel wire line or 

Twinex can be connected across the receiver 
input terminals in parallel with the transmission 
line. Such sections of transmission line are 

called stubs. They must be accurately cut to be 

electrically a quarter or half wave long at the 
frequency of the signal that is to be attenuated. 
The formulas for calculating the length of such 
stubs are simple. Here they are: 

246 
For the quarter-wave stub: L =— V 

For the half-wave stub: L =-492 V 

In each of these formulas, L is the length of 
the stub in feet, F is the frequency in mega-

cycles, and V is the velocity factor of the parti-

cular kind of line used. This factor must be used 
because radio waves do not move quite as fast 
on transmission lines and other conductors as 
they do in free space. The factor for parallel 

wire line is .82 and for Twinex it is . 84. Thus 

a quarter-wave stub for 100 mc cut from paral-
lel wire line comes out to be 246 times 0.82, 
divided by 100, or 2.01 feet long. A quarter-

wave twin lead stub cut to attenuate the 211.25 
mc picture carrier of Channel 13 works out to 
be 0.95 feet long. 
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In practical work, it is best to cut the stub 
somewhat longer than the calculated length, at-
tach it to the input terminals, tune in the station 

accurately, and then trim the stub a little at a 
time until the desired reduction in signal voltage 
is obtained. Unfortunately, the quarter- wave open 

end stubs made of parallel wire line are quite 
susceptible to detuning by objects near them, or 

even a little bending or other movement. Often, 
moving the cabinet slightly after the stub has 

been tuned will detune it so far as to make it 
useless. A better scheme is to cut the stub for 

a half-wave, and short circuit the end not con-
nected to the receiver input. This type is not so 
easily detuned by surrounding objects. A still 

better arrangement is to use stubs made of 300 
ohm Twinex, cut either to a quarter- wave, with 
the end left open, or to a half-wave, with the end 
short circuited. This latter is probably the most 

stable stub of all. Such a stub, with the ends 
sealed against moisture, and the shield grounded 
to the receiver chassis, will usually be almost 

immune to detuning by movement of the cabinet, 
or other objects near it. If it is taped or other-

wise fastened to the back of the cabinet, and 

Fig. 10-12 Line stub on antenna terminals. 

then carefully tuned by trimming a little at a time 
(not forgetting to short circuit the conductors 
after each trim, of course)it can usually be relied 
upon for a long, dependable service. 

Routing May Determine Choice of Line. — 

During your preliminary placement and orienta-
tion, you will have found out a good deal about 
noise and interference conditions in the building, 
and the possible routes for the transmission line. 

If your tests have shown that interference is 
being picked up by the twin lead, you may have 

to decide between using coaxial cable and 
matching transformers, and routing the twin 
lead another way, where it picks up less in-

terference. Usually you will have made this 
decision during your preliminary placement and 
orientation, but if this work hasn't indicated de-
finitely whether or not the twin lead will do 

the trick, better play safe. Get the antenna 
mounted in the place and with the orientation you 

have determined is best, and make a quick try of 
the alternative twin lead routing, if this can 

be done without too much time expenditure. 

Shaftways Present Opportunities and Problems — 
In tall steel frame buildings, air and elevator 
shafts often offer convenient passages for vertical 
runs of wiring, piping, and all sorts of things 

necessary to the operation of the building. Quite 
often such shafts can be used (check with your 
Supervisor) for running television transmission 

lines up and down between floors; but unfortu-

nately, a good deal of caution is necessary, un-
less you are using coax or twinex. The very 

fact that the shaft is so convenient means that it 
will be carrying a lot of things like electrical 

wiring, water pipes, etc., all of which are elec-

trical conductors. These conductors are often 
carrying noise voltages from oil burners in the 
basement, energy fed back into the line from 
diathermy machines, telephone dial signals, elec-
tric razor hash, and similar disturbances. In 

addition, such shafts have an aggravating ten-

dency to act as wave guides, channelling almost 
any sort of high frequency electrical noise verti-

cally through the whole building. Since twin 
lead lines do pick up some signals along their 

length, due to unbalance and other effects, it 

often happens that you can't use such a shaft to 
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carry the line, even though it's mechanically 
convenient. If you do your preliminary tests with 

the line down such a shaft, bear in mind that 
this may be the source of any serious noise 

trouble that shows up. 

In such cases, make a test with the line run 

by some less noisy route, such as down a rear 

wall of the building, perhaps close to a fire es-

cape which will make the mechanical work easier. 
In a good many cases you'll find that this will 

substantially reduce noise pickup. Even when 
this alternate route requires a considerably longer 

piece of parallel wire line, you'll oftenget more 
satisfactory pictures this way. This is because 
signals are usually so strong in midtown areas 

that you can afford the small signal loss in the 
additional length of parallel wire line quite 
easily, in return for the much larger reduction of 

noise voltages. 

Other Routing Considerations. — Be sure to 

keep in mind, while you are selecting an alternate 

route for such a test, that it must be acceptable 

on all other counts, too. That means it must be 
practicable to make a permanent installation of 

the line, it must perform satisfactorily, and it 
must comply with Building Codes and regulations, 
and the preferences of the owner and tenant, if 

possible. 

Actual installation of the antenna requires 
much the same methods and materials as in any 

other case. 

Antenna Mounting Methods. — Midtown build-
ings are predominantly steel frame office struc-

tures, with brick or stone facing, and flat or 
partly flat roofs. Naturally, the mountings you 

use will be the ones best suited to such build-
ings. The parapet mounting, using wood spacer 

blocks held to the vertical surface of the wall 
with lead anchor bolts, is very useful where the 
struccture will permit it. It avoids the necessity 
of using guy wires, which are something of a 

nuisance to install in many cases, due to the 

difficulty of finding suitable anchorages. Oc-
casionally you will find a wooden water tank 

house on the roof of a building, to which you can 
anchor the spacer blocks or the mast bracket, 

with lag screws in drilled pilot holes. This is 
easier to do than banging holes in a brick, con-

Fig. 10-13(a). 

Fig. 10-13(b) 
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crete or stone parapet, and if other conditions 
permit, its a better choice, for this reason. How-

ever, don't let the attraction of this easy working 

feature make you overlook such things as the 

building regulations, the line run, the grounding 

problem, and similar factors. 

You won't find many suitable spots for using 

the steel strap chimney mount in midtown lo-
cations, except on small apartment buildings, and 
these are not usually right in the middle of the 

midtown area. In cases where it can be used, it 

is a real time saver, of course, because of the 
tedious drilling you avoid. 

A good many midtown buildings have roofs 
that require use of a flat wood base and bracket, 
to support the butt of the mast, and guy wires to 
hold it upright. This kind of installation is likely 
to be time consuming, due to the need for finding 
suitable anchorages for the guys, and the care 

needed to avoid causing roof leaks. Quite often, 
too, part of the roof is accessible to tenants, and 

then guy wires become a tripping hazard, or inter-
fere with normal use of the roof in other ways. 
You'll have to check such points with the Build-

ing Engineer or some other responsible person, 

as you're sure to hear about it later if there's 

trouble. 

Also, when for some reason the antenna must 
be mounted near the center of a roof, running a 
ground wire is something of a nuisance, if re-

quired. For such mounts, it usually means running 

the ground wire across the roof to some point 
where good contact with the frame of the building 
can be made. In such cases, it is a great tempta-
tion to run it to the nearest soil pipe or similar 

fitting, and tie on. You must resist this impulse 

if you expect to keep out of hot water, because 
this practice is still forbidden by most local 

Building Codes and there is heavy liability for 
lightning damage, if it can be proven that the in-
stallation violated the Code. In most localities, 
grounding to water supply pipes is considered 
okay, but even on this point you'd better check 

with someone with authority to make sure, if 
you don't already know the answer. The general 

applications of Building Safety Codes to tele-

vision installation problems are being studied 
with a view to easing and clarifying such prob-

lems; but until changes are announced, stick to 

what the law requires. 
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Safety Wires. — One more general precaution 

about antenna mounts on tall buildings is quite 
important. In the event that an antenna is torn 

loose by the wind or some other unforeseeable 

cause, it is almost certain to cause serious 
damage, or even loss of life, if some means of 

preventing it from falling to the street is not used. 

In fact, in some localities, antennas must be 
mounted at least as far from the edge of the roof 
as they are tall, as a precaution against this 
possibility. Antennas mounted overhanging the 

edge of a building, or at any point where they 

might fall into the street if torn loose, must be 
secured with a safety wire. This is made of 
regular guy wire, and must be firmly fastened 
around the antenna mast, and secured to some 
sound part of the building structure, as shown 

here. 

Fig. 10-14 

Transmission Line Runs. — Here again, the 

midtown job is usually quite different from the 

suburban case. Noise and interference problems 
are likely to be fairly severe, and the length of 

line runs required will often be great. Obviously, 
these two conditions add up to cause trouble in 
a good many cases, as we noted earlier. How-

ever, once you have found a suitable route for the 

line., the actual business of putting in the stand-
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offs and securing the line in place will usually 
not be any more complicated than in suburban 

locations. 

Fig. 10-15 

DODD 
oar-r 
LE 

MOOD 
DDECE 
DOFF 

You must observe the same precautions about 

running parallel wire line near conductors, 
making enough twists, using enough stand-offs, 

and the other factors that affect any line run, of 

course. The extra length of line takes longer to 
install, naturally, but a Rawl drill has no brains, 
and doesn't know whether you're hammering it in 

a midtown area, or sixty miles out in the hinter-

land. 

One mechanical precaution on long vertical 

line runs is definitely in order. The weight of 

the line can be quite an important factor, partic-

ularly when you're using coax. Be sure the 
stand-off at the top of the run is particularly well 
anchored, as it may have to take more than its 

share of the weight. Of course, you should try to 
distribute this load more or less evenly among all 
the stand-offs up and down the run, and take 

special care to crimp the eye of each stand-off 
firmly, so the polyethylene insulator grips the line 

tightly. Any slipping under the tugging of wind 

pressure will ultimately transfer all the strain to 
the topmost stand-off, and this is likely to result 

in a service call later on. 

One other precaution may be necessary in 

some locations where it is difficult to get stand-

offs spaced closely enough down the length of the 

run. In such a case, two or three well anchored 
stand-offs should be closely spaced near the 
top, with the load equalized between them. 

Wherever possible, try to get about one stand-

off at least every two floors of vertical height, 

and even a bit closer together where convenient. 
All the regular precautions about using loom to 

guard against abrasion, careful taping where 

necessary, and proper tension and twisting of the 
line between stand-offs should be fully observed. 

Entry to the Customer's Premises. — At the 
point where you must bring the wire into the 
customer's premises, you must be especially 

careful to avoid creating a leak, or leaving a con-
dition that will cause trouble later. If the line is 

brought in through a hole drilled in a window or 
door casing, make sure that the inner end is 

slightly higher than the outside end, and don't 

forget the drip loop. The hole must be sealed 
again around the line, of course, and there should 
be a stand-off near the entry to prevent any strain 

on the line from causing damage where it enters 
the hole. An entry for a transmission line is 

shown in Fig. 10-16. 

However the line is brought in, care must be 

taken to protect the premises from leaks, and the 
line from abrasion, and all safety rules must be 

observed. 

Final Orientation. — From your preliminary 

orientation, you will already have a good idea of 
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Fig. 10-16. 

the reception you can get with the antenna or an-
tennas installed. After the mechanical work of 

running the line and mounting the antenna has 
been completed, a final, careful orientation for 
optimum results should be made. If a compromise 

is necessary, be sure you comply with the custom-

er's wishes as to which station to favor, and 
don't forget to try moving the antenna up or down 
a few inches in the mount while.doing the orien-

ting, if the mounting method permits. It is often 
possible to get some added discrimination against 

ghosts in that way. 

When you are satisfied that the orientation is 

as good as you can get it, tighten up enough on 

the antenna mast fastenings to make sure wind 
and weather will not disturb the orientation. Then 

proceed with a last check of all parts of the in-

stallation outside the building, just as in Lesson 
9. When you're sure that everything outside is in 
order, go ahead with your check of the inside 

work, and demonstrate the performance of the set 

to the customer. 

FINAL DEMONSTRATION 

10-21 

10-6. Your duties here are much the same as 

in Lesson 9, with a little extra caution about 

being perfectly sure the customer does under-
stand what pictures can be had on each of the 

active channels, at this particular location. 

Don't try any soft soap or glossing over at this 
point. You've done your best within the limita-
tions imposed on you by cost and the nature of 

radio waves, and even if there are defects in the 
picture on one or two channels, the overall result 

will usually stand comparison with any nearby 

installation of comparable cost. 

Part of the job here is to familiarize the 
customer with operation of the set, as covered in 

Fig. 10-17 

an earlier Lesson. The only points of difference 

will be in those cases where there are two or 
more antennas selected by a switch, or where an 

antenna rotator has been installed. In these 
cases, after the customer has learned to operate 

the regular receiver controls sa:isfactorily, ex-

plain the switching or rotating arrangement, 

demonstrating which antenna or position of the 
rotator gives the better pictures on each of the 
several channels available. If one of the an-

tennas is the indoor V or a Gyro-tenna mounted 



10-22 

Fig. 10-18 

TELEVISION SERVICING COURSE, LESSON 10 

on an accessible window sill, you can show how 

it can be positioned to favor a particular station. 

If you're working in a two-man team, one 

member can take care of the duties described 

above, while the other cleans up all scraps, puts 
tools away, and generally returns the premises 

to their original condition, so you can take your 

departure without delay. In one-man operation, 
you can best do the tidying up after you're sure 

that everything is clear and accepted by the 
customer. The same precautions about courtesy, 
thoroughness and care apply. here as indicated 
in Lesson 9, or in any work that takes you into 
the customer's premises. 
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GENERAL CONSIDERA T ONS 

11-1. By this time you're probably getting 

pretty tired of antenna installation methods and 

practices. Nevertheless, it is necessary to cover 

such special information about installing an-
tennas in fringe areas as will be of practical use 

in your work. Come now, open wide and swallow 

hard, this won't hurt a bit. Fringe area, suburbs, 

or midtown, the antenna still has the same basic 
job to do. It must intercept enough signal energy 

to provide good pictures. But in fringe areas, the 
difficulties in the way of good reception are 
different from those most prevalent in the other 
areas. 

Fringe Area Conditions. — In fringe areas, the 

trouble is more likely to be weak signals than 
anything else, although interference can often 

add to the problem. It may seem odd at first 
thought that interference would still be a problem 
in fringe areas, where strong sources of noise 

and interference are so much less common than 
they usually are in midtown districts. A little 

thought will show why this is nevertheless the 

case. It is really the relative strength of inter-
fering noise or signals as compared to the de-
sired television signals that is important, rather 

than the actual strength of the disturbing signals. 

In fringe areas, the sources of noise and interfer-

ence are likely to be considerably weaker and 

fewer than is the case in midtown districts. But 
the desired signals are also much weaker, which 

means that noise and interference can still be 

troublesome. 

However, there are several other general con-

siderations which are typical of fringe areas, that 

tend to help the situation. For one thing, since a 
fringe area is that part of the television coverage 

area generally so far from the transmitters that 

signals are weak, à's safe to say that the trans-
mitting antennas will lie pretty generally in the 

same direction from the receiver location. This 

simplifies the orientation problem a lot, since 

the best signal orientation on any one station is 

pretty sure to give very nearly the best signals 

on the other active channels as well. This won't 

invariably be true, as you'll see later, but it is 

one condition pretty common to all fringe areas. 

Prevailing Architecture. — Another general 

characteristic of typical fringe areas is the type 

of building architecture, and the spacing between 

structures. Most of the structures will be small 
dwellings or business buildings of not more than 

three or four stories. at most, and they are likely 
to be located on separate plots of ground, with 

rather more space around each one than is the 

case even in suburban areas. 

Trees and shrubbery may vary in your part of 

the country, but the spacing and size of buildings 
is likely to be fairly similar. There will of course 
be some small to medium size towns located in 

the fringe areas surrounding big metropolitan 

centers like Chicago and New York, and in such 

places buildings and noise conditions may ap-

proach what is normally found in the immediate 
suburbs of the city itself. However, these loca-
cations are already pretty familiar to you from 
Lesson 9, so we won't give them very much 
special attention here, except in respect to the 

noise and interference problems. 

Effect of Power Lines and Weather. — Fringe 

areas also differ from suburban and midtown 

areas in the way power and phone lines are 
handled, and to some extent in the sort of weather 

hazards the outdoor part of the installation must 

resist. Power lines are usually run underground 

in the more heavily built up parts of large metro-

politan areas. This type of construction is ex-

pensive, and in the outlying suburbs and the 

surrounding country, power lines are much more 
likely to be on overhead poles run along the 

streets and roads. Such lines can be the source 
of considerable noise in wet weather, particularly 

if one or more of the insulators is cracked or 

otherwise damaged. They can also act as re-
flectors and cause ghosts, or produce a " shadow" 

effect if they happen to be directly between the 

receiving antenna and the distant transmitters. 
Of course, they are also a hazard to you when 
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you're erecting the antenna, if they are low 

enough or near enough to the place you're work-

ing. This is one point you must check carefully, 
if there's any way at all that any part of the an-

tenna and mast assembly can come near the power 

line while you're doing the job, or later. 

Telephone lines are not likely to be dangerous, 

but don't just assume they aren't. In most fringe 

areas (and in fact, in many suburban areas) the 

phone lines are brought in overhead, just as the 
power line is, and you must take care not to 

damage it, or to run any part of the television 

installation so near it that there is likely to be 

electrical coupling and interaction. 

Grounding problems are usually easier to solve 

in fringe area installations, and grounding is 

likely to be more important in such places be-
cause of the lack of protection, such as the steel 
frames of large buildings provide in midtown and 
dense suburban districts. We'll cover this aspect 
of the installation problem more thoroughly when 

we come to making the actual installation. 

Definition of "Fringe Area". — Right here we 

CENTER CITY 
AND VICINITY 

Fig. 11-1 Map of fringe area 
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may as well sum up the general conditions found 

in fringe areas, and restate our general definition 

for such regions in the television coverage area. 
A fringe area is considered to be the outlying 

part of the whole general area reached by tele-
vision signals from a given city or metropolitan 

center, where signals are so weak as to require 

the use of high gain antennas, or masts taller 

than the standard single length, or both. Signals 

from all active channels are likely to range from 

medium strength to very weak. The transmitting 
antennas will usually lie in one direction as seen 

from the receiving antenna. Buildings will be 
mostly small to medium dwelling houses and 
apartments or business structures, more widely 
spaced than in suburban or midtown areas. Power 

and phone lines will usually be run overhead, and 
there will be less noise and interference in most 
locations. Weather hazards will be a little more 

severe than in the more built up suburban and 
midtown areas. And maybe before leaving these 

general considerations, it's worth mentioning 
what should be pretty obvious; that most of the 

jobs will be a lot further from the location of 
your service shop than is the case in other 

areas. This is worth remembering when you're 

checking the stock of parts in the truck, or your 
supply of lunch, for that matter. 

PLANNING THE INSTALLATION 

11-2. Just as in the midtown and suburban 
areas, there will undoubtedly be some information 

available about the particular part of the territory 
where any installation job is to be done, unless 
it happens to be the very first one in that region. 

Your supervisor may have such information, or it 
may be circulated through your regular shop talk 

and discussions; and some branch offices even 
post a map, with notations of specific local con-

ditions marked on it. Such information is well 
worth picking up when it is available, as it may 

give you a fair advance idea of any special prob-
lem likely to be found on that particular job. This 
in turn may tip you off to any extra materials or 
tools you may require. Just as an example, 

if by checking the address with a map or common 
shop talk knowledge of the region, you know 
the place is right on the ocean front, you may as 

well go prepared to make the installation proof 

against salt spray hazards, because this is almost 
sure to be a problem. 

Don't forget also that in some parts of fringe 
areas, installation men out on their jobs may not 

be conveniently close to the corner lunch counter, 
drug store, and gas station, as is the case in mid-

town and suburbs. 

Going to the Job. — On your way to the parti-
cular job you have been assigned to, you can 

also pick up some useful information, panicularly 
as you approach the actual neighborhood. If there 

are other television antennas in sight on build-

ings, you can easily keep track of the general 

orientation direction, and also get an idea of what 
sort of antenna and mast may be needed. For 

example, if you're getting close, and find your-

self getting down into a valley or hollow, it's 

likely you'll find most of the installations using 
high gain antennas and extra-tall masts. This is 
true because signals are usually weaker in such 
depressions in the terrain, even if they are closer 

to the transmitting antennas than some other parts 
of the territory your local shop serves. You 
can probably save yourself some time by getting 
a tall mast ready right at the start, and picking 
a suitable mounting spot for it, with due regard 
for guying requirements, etc. 

You can also keep your eyes open for any 

possible sources of noise or interference, such 
as a busy highway with its inevitable ignition 

noise, or electric railway tracks, power lines, 
and similar things. It may even be worth while 
to note the condition of trees and see if they 
show any really strong prevailing wind condition, 
if your area is in a part of the country where such 

weather hazards are serious. Small bits of in-

formation picked up in this way may not be im-

portant in themselves, but occasionally they add 
up to save you an hour's work, or even a mistake 

that results in a call-back. Since it takes practi-
cally no time at all to pick up such information, 
you're bound to come out ahead in the long run. 

What to Find Out on the Job. — When you 

arrive at your fringe area installation job, there 
are of course a good many items of information 

you need to get, either from the customer or by 
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your own observation. However, these won't be 

exactly the same as the facts you'd pick up in, 

say, a midtown installation. For one thing, 
there's not much point in even thinking about the 

internal antenna, or an indoor antenna, either. In 
fringe areas these antennas just can't provide 

enough signal, so you can give your attention to 

other matters. Find out if the set is in perfect 
condition as soon as you can, of course. This 

applies in any area, as you obviously can't com-
plete an installation with an inoperative receiver. 

Find out where the set is to go, not forgetting 

the matters covered in previous lessons, such as 

too much light on the tube face, etc. Check 
whether the customer will want to move the set 
to another room part of the year, and explain to 
him about the limitations in running the trans-

mission line, and any other points which in your 
judgement will affect his choice of a place for 
the set, and his satisfaction with it after it is in-

stalled there. This seems a small matter, but it 
has an important effect in leaving the customer 

happy, and reducing the number of " nuisance" 
call-baCks. 

From here on, you'll have to find out much of 

the information you need by examining the build-
ing and its surroundings outside, as the customer 
naturally doesn't have the technical knowledge 

needed, nor is it his responsibility. 

Choosing the Best Place for the Antenna. — 

When you know where the set is to go, you can 
keep a mental picture of the room and its relation 

to the rest of the building, and get outside to see 
what places are available for mounting the antenna 

mast, and which routing is most practicable for 

the transmission line. In fringe areas it is usually 
advisable to take full advantage of the height that 

can be gained by mounting the antenna mast on 
the highest practicable part of the building. You'll 
have to balance the probable improvement in 

signal strength against the convenience ( if any) 
of using a lower mounting spot, keeping in mind 

your estimate of the probable signal strength, and 

such other factors as guying, etc. Check up on 
the condition of the roof or any other part of the 

building you're considering for the antenna mount, 
and also remember you've got to work a good deal 

around the mounting location. 

You're more likely to find yourself working on 
buildings with peaked or slanted roofs in fringe 

areas than in midtown or suburban locations, and 
these require more care to avoid falls, dropped 

tools, or roof or other property damage. In parti-
cular, you must be watchful for peaked roofs that 

have loose shingles, and for shaky chimneys and 

insecure rain gutters and flashing. Such condi-
tions are somewhat more prevalent in fringe 

areas, and they can cause serious accidents, or 
result in big bills for roof damage and suchlike 
later. Its up to you to decide what is safe and 

what isn't, but don't hesitate to ask the customer 
questions if you are in doubt on any point he can 

explain to you. 

In fringe areas, it isn't likely that one point 
on the roof or upper part of a building will provide 

a stronger signal than another part at the same 
height, so you can concentrate more on choosing 

the highest point practicable, if you feel pretty 

sure you're going to need all the signal you can 
get. Even in fringe areas of course, there are 

locations where signal strength is sufficient on 
all channels . to make installation relatively 

simple. You should have some idea of how much 
signal you're going to find if there are other in-
stallations nearby, as you can see how high they 
are placed and what antennas are in use. If you're 

not pretty sure signals are going to be usable 

without getting the antenna up high, better pick 
the highest practicable spot to mount the mast, 

even if it isn't very convenient to reach. You'll 
come out ahead on the time expended in the long 

run. 

Transmission Line Routing. — With the best 
spot for the antenna mount selected, you should 

also have some idea of how you're going to route 
the transmission line, if you've kept in mind the 

location of the room where the receiver is located. 
You can spot each individual stand-off later, but 

do think ahead enough to have a rough idea of 

where they're to go. In general, the line run 
should not be longer than necessary to reach the 

set, but that does not mean you should use the 

shortest possible length of line that can be made 
to reach. Instead, roughly plan your line run to 

avoid possible abrasion and breakage hazards 
from tree branches, children's swings or other 

play equipment, domestic animals, etc. If you 
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Fig. 11-2 Fringe area installation 

can't see for yourself just what hazards of this 
sort exist, don't hesitate to ask the customer 

about them. You're not being nosey, but merely 
protecting his interests and yours, too. Inci-

dentally, people living in fringe areas are far 
more likely to have domestic animals or pets that 
may damage a transmission line if it is routed 

so that they can reach it, than are the residents of 
other areas. 

Another point in sizing up possible trans-

mission line runs is the question of signal pickup 
on the line, and noise and interference. In 

general, it's better to keep as much of the line 

vertical as you can, and try particularly to avoid 

having to run the higher part of the line hori-

zontal. If you must make a sizeable part of the 
line up near the mount run horizontally, try to 

keep it from being exactly broadside on to the 

direction of the transmitting antennas (parallel 
to the dipole rods of the antenna). In fringe 
areas, it is more important to keep pickup of tele-

vision signal energy in the transmission line at 
a minimum, as this can cause partial cancellation 
of the desired signal, which may already be 
pretty weak. 

Also, horizontal line runs seem more sus-

ceptible to picking up ignition and power line 
noise, particularly if the horizontal part is up 
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high. Putting the proper twists in the line be- probably use most often in real fringe area in-
tween stand-offs helps, particularly if care is stallations. 
taken to make them all in the same direction. In 

fact, its probably a little better in fringe areas 

to increase the number of twists. This not only 
minimizes pickup of unwanted noise and signals 

in the line, but makes it behave better in strong 
winds as well. 

You learned in earlier lessons the importance 

of good appearance in transmission line installa-
tions, so a reminder here ought to be sufficient. 

There is also the matter of a place to ground 
the mast. In fringe areas, a television antenna 

will often be the highest thing for quite some 
distance around, and for this reeson the risk of a 
lightning stroke or a heavy static charge is con-
siderably greater than is the case in suburban 

and midtown areas. Fortunately, it is also some-

what easier to make a fairly good ground con-
nection on many fringe area installations, either 

by running the ground wire to a part of the cold 
water system, or to a ground stake driven near 
the wall of the building. 

At present, the part of the National Electrical 
Code of the Fire Underwriters dealing with 

grounding is under study, and it is probable that 
some revision of the legal requirements will be 
made. In any event, television installations will 

have to comply with local codes and building 
regulations, and you should definitely have the 

latest intormation as to what is proper in your 
area. Be sure you get the correct information, 
because violations can be serious if they result 
in damage later. 

SELECTING THE ANTENNA 

11-3. When it comes to picking the right an-
tenna to do the job in a fringe area, the choice is 

narrowed down right at the start by the limited 
signal strength, in most cases. Chances are 

you'll need to start off with at least a high-low 
antenna and harness, even in the most favorable 
locations. In many cases of course, your know-

ledge will indicate that it's advisable to go either 
to the stacked conical type, or to the stacked in-

line type antenna, to have a reasonable chance of 
success. Here are the types of antennas you will 

Fig. 11-3 ( a) High-Low combination antenna 

Fig. 11-3 ( h) Stacked In-Line antenna 

Fig. 11-3 ( c) Stacked conical antenna 
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Fig. 11-3 ( d) Stacked modified conical antenna 

All of them intercept considerably more signal 
energy than the simple dipole and reflector, or 
dipole and reflector with wings and high frequency 
reflector. However, there are very considerable 
differences between the performance of these 
three antennas, and also in their cost, so we'll 
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cover their characteristics in some detail here. 
A working knowledge of the performance of each 

will be very helpful to you, particularly in de-
ciding which antenna to use on any particular job. 

Antenna Cost. — First of all, consider the 
relative costs. The stacked in-line antenna costs 

almost three times as much as the high-low, and 
the stacked conical antenna almost four times as 
much. This doesn't mean you should make 
desperate efforts to convince the customer he 
doesn't need the more costly antenna, if it really 
is needed in a given installation. It does mean 
you should give the high-low a fair trial at a good 
mast height, when conditions indicate to you that 
it has a good chance of doing the job. If it does 
give satisfactory reception, well and good. If it's 
only fair, better not waste time, but try one of the 
others. 

You'll understand better how the performance 

of these different antennas compares after study-
ing the graphs of Fig. 11-4, and the polar dia-
grams that follow. 
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Fig. 11-4 Relative response of fringe area antennas, in microvolts. Typical values are 
assumed for a fringe area, but keep in mind the fact that these will vary for different locations. 
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This graph shows the output voltage of several 

types of antennas for each channel, as measured 
at a typical fringe area location. As you can see, 

the stacked conical type, and the modified stacked 

conical with single dipole reflectors give the 
most output on the low band, and are about equal. 

The stacked in-line type is next best for signal 
strength, and the high-low is poorest. On the 

high band, the modified stacked conical has defi-

nitely more gain than any of the others plotted. 
On Channels 7, 12, and 13, the stacked in-line 
type is next best for signal strength, with the 
stacked conical coming up to second best on 

Channels 8, 9, 10, and 11. Again, the high-low 
provides the least signal strength of the antennas 

plotted. 

This does not necessarily mean that the 
high-low isn't usable in some fringe area loca-

tions. If the signal strength on the active channels 

is known to be good in that particular neighbor-

hood, the high-low may do the job satisfactorily. 
However, when signals are on the weak side,one 
of the stacked types is likely to be required. 

We'll go into all the factors influencing choice 

of the antenna as soon as we cover the second 
important operating characteristic of the types 

under consideration, 

Antenna Directivity Pattern. — This character-
istic is the directivity pattern, which you learned 

about in Lesson 6, and elsewhere in this Course. 
A good working understanding of the directivity 

of each of these three antenna types will be very 
useful in fringe area installations, particularly 
when any serious noise and interference sources 

are known to exist nearby. This is true because 
as stated before, it is the relative strength of 

desired signal and interfering noise or signals 

that determines whether reception is satisfactory. 
Remembering this, it is often possible to choose 
the antenna type whose directivity pattern gives 
the best relative desired signal strength with 

reference to the interference. Study of the polar 
diagrams of all three antennas drawn to the same 

voltage scale and superimposed on each other will 

show quickly which one will give the most favor-

able ratio between the desired signal and a noise 
or interference source located in a given direction. 

As an example, consider the situation shown 

in Fig. 11-5. 

eve IBC 

Fig. 11-5 

This shows the Channel 13 directivity patterns 
of the three antennas superimposed on a fringe 

area receiving location. The main lobe giving 
maximum output voltage is oriented on the trans-

mitting antenna, shown at point 1. There is a 
large water tank at point 2, which reflects a con-
siderable amount of signal energy toward the 
location of the receiving antenna, which is of 

course the center of the polar diagram. It is easy 
to see that the stacked in-line antenna will give 

the greatest ratio of direct signal energy to re-

flected signal energy in this case. 

Obviously, examples of every conceivable re-
ceiving problem of this sort can't be presented in 
a single lesson, or a dozen lessons, for that 
matter. However, by studying the polar diagrams 

of the single bay In-Line, stacked conical, and 
High-Low combination antennas shown in Figs. 

11-6 to 11-8, you can learn how their performance 
compares on each channel, and apply this know-
ledge to solve any specific problem you encounter. 

The polar diagrams for these three antenna types 

are plotted for Channels 2, 4, 6, 7, 11, and 13. 

The polar diagrams for Channels 3, 5, 8, 9, 10, 

and 12 will show patterns roughly midway between 
those given here. A good general memory of the 
way these patterns compare, and how they vary 
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Channel 7 Channel 11 

Fig. 11-6 .High-Low combination antenna polar patterns 

Channel 6 

Channel 13 
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Channel 2 Channel 4 Channel 6 

Channel 7 Channel 11 Channel 13 

Fig. 11-7 Single bay In- Line antenna polar patterns. 
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Fig. 11-8 Stacked ( 2-bay) conical antenna polar patterns 

Channel 13 
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from channel to channel will be of considerable 
help in knotty cases, particularly when there are 

several active channels in the area. 

We have already seen how the relative strength 
of desired and undesired signal and/or noise 

affects the reception problem. In extreme fringe 
areas, the desired signals are often so weak that, 

even with a high gain antenna on a tall mast, there 

may be barely enough signal voltage at the re-

ceiver input to produce a satisfactory picture. 

Internal Noise. — Even if there is no outside 
noise or interference source to cause trouble, 

there is always the limitation of the receiver's 

own internal noise. This noise level varies some-
what from set to set, but not usually enough to 
consider. The design of most receivers is such 

that the average noise level of the receiver itself 

is quite low. This means that good reception can 
be had in most television areas right out to the 

limit of the "C" zone, if you do a coinpetent job 
of selecting and installing the antenna. However, 
even the best receiver has its limit, and that limit 

for good pictures is reached when the signal 
voltage that the transmission line delivers to the 
receiver input begins to approach the level of the 

receiver's internal noise voltages. This is an 

important point to remember in connection with 
choice of an antenna, as we shall see. 

Suppose on your first try at a new location, you 
use a high-low antenna on a twelve foot mast. 
Let's say that Channels 2, 5, 7, 10, and 13 are 

active, and signals on all but Channel 2 are too 

weak to be usable, because of "snow" in the 

picture. You know that the snow is really the 
receiver's own noise voltage, which the signals 
on the other channels are too weak to overcome. 
Now the question is; will one of the higher gain 

antennas do the trick, or will it be necessary to 

use a taller mast. too? A little study of the 

relative output of the three antennas as shown in 
Fig. 11-4 and the polar diagrams will suggest 

strongly that it will be necessary to use both 
the highest gain antenna and a taller mast. 

Why? Well, when the picture on most channels 

is pretty badly snowed under, it indicates that 
the signal level is down quite near the noise 

level. To produce a good, dependable picture, 
the signal voltage will have to be at least twice 

11-13 

as great as the noise, and preferably somewhat 
higher than that. You can see from the signal 

strength graph of Fig. 11-4 that merely using the 
higher gain stacked conical antenna will not quite 
double the signal strength. However, adding 

another mast section to give greater height will 

also bring the signal up considerably, except 
under very unusual circumstances, as we shall 

see later. The result will probably be that pic-
tures will now be satisfactory on most of the 
active channels, and there may even be enough 

signal to assure good reception even when weather 
or seasonal conditions are unfavorable. 

Effect of Weather Changes. — This brings up a 
fairly important point in connection with fringe 

area installations generally. Where signals are 

relatively weak, the effects of moderate changes 

of signal strength caused by changing weather 
conditions may be great enough to make reception 

unsatisfactory part of the time. Also, changes in 
the foliage of trees from winter t summer will 
have some effect, particularly if there are tall trees 
intervening between the receiving antenna and the 

transmitting antenna. These and other consider-
ations make it highly desirable to get enough 

signal so that even under the worst possible 

combination of local conditions, there will still 
be satisfactory pictures. All of which means you 

should try for some extra signal strength to cover 

the loss during bad conditions, in order to prevent 
bad weather callbacks. It does not mean to 

always choose the highest gain antenna and put 
it on the tallest mast you can erect. But it does 

mean that when signal strength is just at or near 
the borderline of acceptability, you should do 
whatever you can to add enough more for a margin 

of safety. 

Summary. — To sum things up, then, we can 
review the points that affect choice of an antenna 

for any installation, as first given in Lesson 9. 

1. Owner's preference. In fringe areas, this point has 
little bearing, except in rare instances where the 
customer is dead set on a particular type. This 
situation requires patience and tact on your part, 
but usually a demonstration of the reception with 
the proper antenna for the job will settle the matter. 

2. Signal levels actually present. You do not need to 
make a survey with the Survey Receiver, except 
when the job order specifically calls for one. In-
stead, you judge the relative signal level on each 
channel compared to the noise level of the custom-
er's receiver, by noting the amount of snow in the 
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picture, if any. Your final selection of antenna 
type and mast height will have to take account of 
this information. 

3. Noise and interference conditions. These factors 
also have considerable bearing on the antenna 
choice, even though both are likely to be less 
troublesome than in midtown areas. The paragraphs 
describing the directivity patterns of the various 
antennas will be useful here. 

4. Ghosts. Ghost troubles are also much less serious 
in fringe areas, due to the relatively smaller number 
of possible sources of reflections, as compared to 
either midtown or suburban locations. However, 
they cannot be neglected entirely. Use of the 
appropriate antenna, and careful orientation to take 
full advantage of the antenna gain and directivity, 
will usually solve fringe area ghost problems 
satisfactorily. 

5. Directions of the transmitter antennas. In fringe 
areas, the receiver is usually so far from the 
metropolitan center where the transmitters are 
located that they lie in substantially the same di-
rection. However, in some cases where the trans-
mitters are rather widely spaced, and the receiving 
location is not actually many miles from the metro-
politan center, the directions may differ enough to 
make a difference. In such cases, the in-line an-
tenna is often superior, because the broader nose 
of the main lobe in its directivity pattern permits 
orientation to a compromise direction which will 
vive good signals from all stations, if signal strength 
is reasonably good. 

6. The active channels. Even if only one or two 
channels in the low band are on the air, it is likely 
that signal strength requirements will make neces-
sary one of the high gain antennas in many cases. 
However, the difference in performance of the two 
stacked antennas on Channels 6 and 13 may have 
some bearing on your choice. 

7. Relative cost. In general, thç same principle is 
applied in fringe areas as in midtown or suburban 
locations. That is, use the least costly antenna 
that will provide good, reliable reception under the 
year 'round weather conditions known to prevail in 
the area. However, in fringe areas it is best to 515' 

allow a reasonable margin of signal strength for 
"insurance". 

Locations Between Two Transmitters. — Be-

fore leaving the question of antenna selection, it 

is necessary to mention a type of special antenna 
that is sometimes required in unusual fringe in-
stallation. If a receiving location is about mid-
way between two metropolitan areas, both of 
which have several active channels, it may be 

necessary to use a special Brown lobe switching 
antenna and diplexer. This antenna consists of 

four dipoles with wings. 

This antenna is so designed that by a switch-
ing arrangement at the diplexer unit it is possible 

to reverse the directivity pattern of the antenna, 
thus receiving stations from either direction, 
assuming the transmitters lie in relatively oppo-
site directions. Also, the front-to-back ratio of 

this antenna is very high, as you can see in the 

polar diagram of Fig. 11-10. 

Fig. 11-9 Lobe switching antenna 
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This helps greatly in preventing co-channel 
or adjacent channel interference when stations in 

the two cities concerned are so assigned as to 

make such effects possible. However, the number 
of receiving locations requiring such an antenna 
system is quite small, since the antenna is 

especially designed for use in areas remote from 

and between stations on the same channel. 

Multiple Antennas. — Another type of instal-

lation usually regarded as special because of the 

extra material and labor required is the sort 
where two or more separate antennas are used. 

Such installations are sometimes used when 
stations must be received from more than one 
general direction. In practical work, the antennas 
are oriented to provide the desired reception from 

the various directions. Separate transmission 
lines are run to the receiver, where a switch is 
provided so that the customer can select the de-

sired antenna at will. There is also a kit of parts 
which can be added to the regular receiver channel 
selector switch, to accomplish this antenna 

switching operation automatically. This system 
is more completely described in the treatment of 

special installations in Lesson 12. 

There is another way in which this problem of 
reception from several directions can be handled. 
This is by use of one of the high gain antenna 

arrays mounted on a rotator mechanism, with a 
control box at the receiver so the customer can 
point the antenna in the proper direction. Lesson 
12 also covers this sort of installation. 

TRIAL PLACEMENT AND ORIENTATION 

11-4. Signal strength problems and the 

structure of most buildings in fringe areas rather 
limit the choice of mounting places to one or two. 

It is usually necessary or advisable to pick the 

mounting spot that will get the antenna up 
highest, with reasonable regard for other factors, 

such as anchorages, guying requirements, ob-

structions, etc. Fortunately, the signal strength 
will not usually show much variation at any spot 

on the roof, if the antenna is at about the same 

height. This is so because the number of good 
conductors nearby to act as reflectors is very 

much less than is the case in midtown or suburban 

locations. However, in this connection the effects 
of power and telephone lines are worth some con-
sideration. 

Avoiding Reflections from Power Lines. — 

Tests have shown that overhead power lines 

having several conductors can have a serious 
effect on television signals, if the lines are 

somewhere near broadside position to the arriving 
signals, and either ahead of or behind the re-

ceiving antenna, as seen from the transmitter. 
This is just as true of telephone pole lines 
which carry several sets of wires. Differences 
in signal strength of as much as three to one 
have been observed at some locations because of 

these factors. The remedy is to locate the antenna 
as far from such groups of reflecting conductors 
as can conveniently be done, and to try to get 

the antenna above the level of the power or phone 
wires, if possible. 

This will not be possible in every case, but 
even an increase of a foot or two will make quite 
a difference, particularly when the distance be-

tween the antenna and the conductors concerned 
is not more than 20 or 30 feet. 

Deciding on Antenna Height. — With the most 
suitable spot for the antenna selected, the an-

tenna chosen for the first try can be put up, 
using a mast height which seems appropriate to 

the location. Your observation of other antennas 

and knowledge of signal strength in the area will 

help you here also. Be sure to get the trans-
mission line pretty nearly along the route it will 
actually follow when you complete the installa-

tion, because changing it may have quite a large 

effect on signal strength, even if it is properly 
handled. This does not apply very much to Twinex 

or coaxial lines, but you will not find that the use 
of such lines is justified in a very large percent-
age of fringe area locations. 

Orientation. — Orientation in fringe areas al-

most always is simply a matter of swinging the 
antenna slowly across the direction of maximum 
signal output a couple of times, and settling it on 

the best direction. This is because most of the 
transmitters lie in the same general direction, as 
mentioned earlier. However, in some cases, local 

interference or noise problems may require swing-
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ing off the strongest signal direction slightly, in 
order to reduce the offending noise or signal. 
Even where nothing like that is encountered, how-
ever, you may find it advisable to check very 

carefully whether the high band stations are 

correctly oriented. 

The antenna directivity of all three types is 
somewhat sharper on the upper channels, and the 

high band stations are often weaker at fringe 
area distances, too. In such a situation, it is 

obviously better to orient carefully on the weakest 

high band stations, as any small difference on 

the low channels will not usually be very serious. 

Suppressing Ghosts and Interference. — With 

the trial orientation done, compare picture quality 

on all active channels, and decide whether it is 

satisfactory, or whether a taller mast, higher gain 

antenna, or both will be required. In a good many 

cases, your first choice will settle the matter, 

particularly after you have gained some field ex-
perience. However, there will be jobs where the 

appearance of bad ghosts, interference, or weak 
signals makes it necessary to take strong 

measures. It will help if you can locate the di-
rection of the source of the ghost or interfering 
signal. This can sometimes be done by carefully 

orienting the antenna so the least signal is re-

ceived from the source of noise or interference. 

This means you have the offending signal source 
in one of the nulls of the antenna, and the two 
deepest nulls in the directivity pattern will be 

practically at right angles to the crossarm, or to 
say it another way, just about straight along the 

axis of the antenna dipole. 

With this direction found, you can sometimes 
take advantage of differences between the di-

rectivity patterns of the three antennas, so as to 

get a better ratio of desired to undesired signal 
voltage. After selecting the best antenna for the 
particular situation, make another effort to mini-
mize the trouble, while still keeping good signal 

strength on the active channels. If there is still 
trouble, it may help to put the antenna still 

higher, even if this means adding another mast 

section. 

This is true because increasing the aatenna 

height will usually cause the signal strength from 

the distant transmitters to rise faster than the 

signal from the local source of noise or interfer-

ence, or the reflected signal energy causing the 
ghost. Naturally, you should be sure the receiver 

is not at fault, as a slightly defective receiver 
might easily cause a lot of wasted time, if the 
trouble was diagnosed as being outside. 

Incidentally, if the noise or interference doesn't 

seem to come from any clearly defined direction, 

chances are it is right in the customer's home, or 

next door, or even coming in on the power or 
transmission line. We will cover ways to handle 

all these troubles more fully in Lesson 13. For 
now, the usual tests of removing the line from 

the receiver, changing orientation, and switching 
to other channels should be enough to handle 

most ordinary cases. 

In most fringe area installations,it will not be 

aecessary to try alternate antenna mounting spots. 
This is true because the signal will usually be 

rather uniform at any point on the roof of a single 
dwelling house or similar structure. However, in 
those places where business buildings having steel 
frames are fairly common, trying another place for 
the mast mount may help. If you follim. the "try 

and see" procedure described for midtown loca-

tions, you'll readily learn which spot gives the 
best results, of course. In any event, the one-
direction orientation helps to simplify the job, 
because there's no problem of trying to hit a com-

promise orientation that will balance the signals 
from the several channels, except in rare in-

stances. 

Owner Approval. — Lastly, the question of 

owner approval is not likely to be a problem in 

fringe area work. You can explain,if there is any 
question of using a particular spot for the mast 

mount, that the signal conditions require it, and 
usually this will settle the matter. If you're deal-

ing with a really fussy customer who insists the 

antenna must be located on some particular part 
of the house or property, you may have to make a 

comparison of reception in both spots in order to 

convince him. In such cases, try to be both fair 
and tactful, and bear in mind that a customer who 

has been " high-pressured" into accepting a cer-

tain arrangement is almost certain to find some 

pretext later for having it changed, after he has 
had time to think it over. Remember that the 
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greatest argument you have is the difference in 

the picture. 

MAKING THE INSTALLATION 

11-5. There really isn't much that can be said 

about making the actual installation,that hasn't 
been said in the two preceding lessons. Naturally 

you'll have to choose the mounting bracket or 

other fastenings for the mast that best suit the 

architecture of the building, the height of the mast, 
etc. There are a few points that apply more 
specifically to fringe areas than anywhere else, 
which can be included here. For one thing, 

more wooden frame houses and peaked roofs will 
usually be found. The wooden construction 

simplifies the stand-off placement and fastening, 
but the peaked roof is somewhat less favorable. 
If it is steeply sloped to shed snow, it will be 
hard to work on,because of the angle, and you hid 

better use your safety rope put over the ridge and 

around some safe support. If you use the chimney 
for this, make sure the chimney itself is in safe 

condition to stand the strain first. 

Choice of Mounting Method. — Mounting the 

antenna mast on the ridge does put the antenna 
up about as high as you can get it with a given 
length of mast. But this has certain disadvantages 
that may offset the small increase in signal 

strength. The Neilssen roof bracket used to 

support the mast in a ridge mounting must be 

fastened to boards that are in turn fastened to 
the roof with lag screws, and the mast must be 

properly guyed. This involves a good deal more 
labor, and also increases the risk of causing a 

leak. Even if you are careful about choosing 

good, solid anchorages for guys, and lag screws, 
and carefully tar all such spots, the risk of 

causing a leak is higher than with a chimney or 
wall mount. Because of this, and the extra time 

and labor required, it is usually better to choose 
one of the other mounting methods, even though 
you lose a foot or two of antenna height. 

Probably the most commonly used mountings 

are on the chimney, using blocks and lead anchor 

bolts, or the chimney strap, or on an end wall of 

the house, using the angle brackets where neces-
sary to clear the eaves. The end wall mounting 

also makes it easier running the ground wire and 
transmission line vertically, since the roof does 
not have to be crossed by the line. 

Most Grounding. — In the matter of grounding, 
the National Electrical Code is in process of 
some change at present, and you will have to 

keep advised regarding the latest regulations 
in your part of the country. Local building codes 
vary, but it is a good idea to keep in mind what 

was said earlier about the greater protection 
afforded by the many steel frame buildings in mid-

town and suburban areas. Particularly if the an-
tenna installation is near to being the highest 

point in the immediate area, grounding is ad-

visable, even though no regulation actually de-
mands it. If you are in doubt, don't hesitate to 
check on this point. 

Transmission Line Run. — In running the 

tran-mission line, follow all the rules of good 
practice given in the earlier lessons, bearing in 

mind that weather conditions are likely to be a 
little more severe in fringe areas than they are in 

the built-up part of a metropolitan area. This is 
because the large buildings and many heat-re-
leasing industrial activities in a large city 
actually moderate the force of the wind, and affect 

the temperature somewhat. As an example, temper-
atures in the fringe areas surrounding New York 
City run about 8 to 12 degrees colder in winter 

than they do in the midtown part of that city. 
Also, wind velocities average from 10 to 14 miles 

per hour greater. 

All the practices you have learned about 

clearing windows and doors, keeping the installa-

tion neat, proper twist between stand-offs and 

care to avoid abrasion or crushing of the line 
apply, of course. In fringe areas, you'll have 
more chances to make entry through basement 
window casings or similar places, and run the 
line across under the floors to the proper spot. Be 

sure your entry is waterproof, protected from 

abrasion, and with a proper drip loop. 

Lightning Arrestor. — If you do have a run of 

transmission line in the basement, chances are 
you'll be able to get the arrestor directly on a 

cold water pipe or some other well grounded part 

of the plumbing. If the building has no basement, 
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you can often get the arrestor on a water or steam 
line feeding a radiator in the room where the re-
ceiver is located. This is not as good as connect-

ing to the cold water system, but can be used in 
a pinch, as such pipes are not usually so hot as 

to damage the arrestor. Still, it's a good idea to 

make sure the transmission line itself is held 
well away from contact with such a pipe, as the 
polyethylene is likely to be softened. 

With the line run completed, it may be neces-
sary to check the orientation again for best signal 

on all channels before you finally buckle the 
clamps down firmly on the mast. Sometimes 

moving the transmission line makes a difference 
in reception, and reorientation makes correct any 

small deficiencies that show up as a result. How-

ever, if most of the line run is vertical, and you've 
been careful about proper twisting, keeping away 

from copper flashing and other good conductors, 
etc., you shouldn't have much trouble from this 

source. 

After your final check of the mechanical con-

dition and electrical performance of the work, you 
can go ahead with demonstration of reception, 

customer instruction, and the other details that 
you learned in Lessons 9 and 10. These details 
are substantially the same as described for the 
other two areas, and we need not repeat them in 
detail here. 

Will a Booster Help? — At this point in your 

job, the customer may bring up a question you 

will have to help settle. If reception on some 
channels is not perfect, he may want to know if 

a booster will help the situation. Here are some 

facts on which you can draw in talking the matter 
over with him. 

There are several boosters on the market that 

will provide some help when the signals are just 
on the borderline of being satisfactory, but they 
will not clear up thè picture on stations that are 

really down in the snow. Among these, there is 
usually little to choose. Y our own knowledge of the 
problem will help determine what make or model is 

recommended to set owners in their district. Of 

course, there are many boosters that actually 
injure reception, for a reason that must be kept in 
mind. This is the matter of the width of the band 
of frequencies they will pass. 

Essentially, all boosters are simply added 
stages of amplification meant to bring the signal 

up to a higher level before it is applied to the re-
ceiver. In order to provide any substantial 
benefit, they must pass the full video band of 6 

megacycles, and they must provide a better signal-
to-noise ratio than the receiver alone can give. 

This is not really very easy to do, which is why 
the improvement in picture quality with most 

boosters is small. It is worth repeating that 

added gain alone means little, if the problem is 
snow. In some cases of interfering signals at the 
edge of a channel, a booster will help remedy the 

condition by providing some added selectivity, 

but this is a rare condition, and will be treated 

more thoroughly later in the Course. 

Some boosters are so poorly designed and con-

structed that they are somewhat regenerative, 

which increases the apparent gain, but has the 
effect of narrowing the bandwidth, with the result 

that the higher video frequencies are lost, and 
picture quality goes down, in spite of the in-
creased gain. 

In general, it is better to explain to the 

customer that a booster can at best give some 
improvement on channels already of fair quality, 

but cannot really make an unusable signal usable, 
except in very rare cases. 

You can point out, however, that a good 
booster may be helpful. The booster is generally 
easy to attach, and trying one will determine 
definitely how useful it may be. 

One other point in this connection is worth 

mentioning. Some television receiver chassis 
may have an internal adjustment in the input cir-

cuit which permits adapting them to weak signal 
signal areas, with some improvement in overall 

picture quality. These chassis will have the 
information in the service notes, and the change 

consists simply in removing a resistor from the 

r-f amplifier circuit. This has the effect of 
slightly narrowing the pass band, but at the same 

time giving an improved signal-to-noise ratio. 

The resulting improvement in the picture by re-
duction of snow more than makes up for the slight 

loss of high video frequencies caused by the 

changed bandwidth. If your customer has such a 
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Fig. 11-11 Typical booster 

set, and some channels are badly snowed even 
when you have done all you can with antenna and 

orientation, making this adjustment may add 
enough to be worth while. 

FINAL CHECK AND DEMONSTRATION 

11-6. This step is very much the same as for 
the midtown and suburban areas, and there is 

little to add to the material given in Lessons 9 

and 10. You should be epecially careful in 
demonstrating reception on the various active 
channels to point out any that are weak, because 
if this point is glossed over, it may result in a 

call-back later. Otherwise, procedure is straight-
forward and uncomplicated. Just take as much 

pains about your final cleanup and departure as 
you would in any other area, and all will be well. 
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WHEN IS AN INSTALLATION SPECIAL? 

12-1. The owner of a television set who 
has a Service Contract is entitled to the best 
television reception that is possible at his 
particular location. However, to achieve the 

best possible reception may require more equip-
ment and added service, over and above that 

furnished in a standard installation. Where such 
a condition exists, it is important that the 
customer understand the situation thoroughly. 
Where he can definitely be shown how additional 
equipment or an additional survey or other 
service can bring in a weak station or clear 

up annoying reflections, he will usually want 
those additions that make the installation 
special. 

When Is a Special Installation Required? — 
A very practical question to ask at this point is: 

"When is a special installation necessary?" 
The answer to it is a little like the answer that 
Abraham Lincoln is said to have given to the 
question "How long should a man's legs be?" 
His answer, as you may have heard, was "Long 
enough to reach the ground." About the most 
definite answer to the question of when to re-
commend. a special installation is: "Whenever a 
standard installation won't do the job". Whether 
the standard installation can be considered satis-
factory depends partly on the customer, and partly 
on the means available for doing a better job. 
This second point will clear itself up as we ex-
amine the available means one at a time. In 
general, special installations may be required in 
(1) weak signal areas, (2) strong signal areas 
with unusually bad reflections; (3) locations 
where interference is unusually strong, (4) loca-
tions where the architecture presents special 

problems, (5) installations involving more than a 
single receiver, or where the customer's require-
ments are otherwise unusual. 

What Distinguishes a Special Installation. — 
Psychologists say that the insane are just like 

the rest of us, only more so. Similarly, a special 
installation problem is pretty much like your 
regular day-to-day problems, only tougher. The 
distinction lies not so much in the problem, as in 
the means used to solve it. This brings us to the 
definitions of standard and special installations 
given in Lesson 5, which we might as well re-

view now: 

"Standard Antenna Installation. A standard antenna 
installation includes a single section of mast of 
standard length (at present this is not more than 12 ft.), 
an antenna consisting of a dipole, or dipole with re-
flector, a high frequency element, (installed only where 
necessary, for reception of established television 
transmitters within their normal service range), neces-
sary mounting brackets, up to 100 feet of parallel 
wire transmission line, lightning arrestor, insulators 
and accessories." 

"Special Antenna Installations. A special antenna in-
stallation is one or more of the following: 

1. A mast taller than the standard ( 12 ft. at present). 

2. A more complex antenna arrangement than the 
standard, such as: 

(a) One with an extra element or stacked array. 

(b) An extra mast and antenna. 

3. A transmission line longer than 100 ft.(Twin Lead) 

4. Elimination or reduction of interference radiations. 

5. Special signal boosting amplifiers. 

6. Modifications of building structure for supporting 
antenna or transmission line. 

7. Special building construction permits. ( It is the 
customer's responsibility to obtain such a permit 
where it is required.) 

8. Installation of more than one receiver at any one 
I ocation. 

9. Any other variation from a standard installation." 

In addition, we also have built-in antennas 
within the receiver, indoor antennas and window 
antenna installations. Window antenna installa-
tions and indoor installations, in which a twin 
lead dipole or folded dipole is permanently in-
stalled indoors, are considered as standard. 
Where a built-in antenna or a regular indoor antenna, 

such as the extended-V type, gives satisfactory 
reception with no installation problem involved 
beyond positioning the receiver and/or the indoor 
V-antenna, we have a classification in which the 
customer is usually entitled to a rate lower than 
the standard. However, in many of the above 
cases it is possible to encounter conditions in 
which weak signals or serious interference or 

reflection problems require the addition of ma-
terials and services that make the installation 
special. 



When Is an Installation Special? 

Fig. 12-1 A special installation 

Convincing the Customer. — In most localities, 
as a result of surveys or previous installations in 

the neighborhood, the nature of the reception to 
be expected is known. You will usually know 

whether to expect a weak signal, serious reflec-
tions, a bad condition of local interference, or 

good clear reception. What is even more to the 
point, the customer will know that, too, if his 
neighbors have television. You have to meet the 

level of accepted local reception and, if possible, 
improve on it. 

Where satisfactory reception can be obtained 
with a standard antenna installation, obviously, 

that is the thing to do. When there is any doubt 

about reception, the customer should be shown 
the best results that can be obtained with a 

standard installation. If that result is not satis-

factory, then the improvements that can be ob-
tained from a more comprehensive roof survey, the 
use of coaxial transmission line, the installation 
of two or more separate antennas, and other such 
special features must be explained. 

12-3 

The customer may feel that because his 

neighbors are content to tolerate interference or 
bad reflections or the inability to get certain 

stations, he, too, could let it go at that. But, 

when you are certain that the addition of special 
features will clear up or definitely improve the 
trouble, and can convince him of that fact, then 
you have made a sale. There is nothing more 

annoying than to continue to watch an imperfect 
television picture; and there is nothing that gives 

greater pleasure than to know that you are getting 
the best reception in your neighborhood. 

MATERIAL FOR SPECIAL INSTALLATIONS 

12-2. When a special installation is author-
ized by the customer, the distinction between 

such installation and a standard one is the addi-
tional or special materials used, and the added 

time spent on the job. That makes it necessary 
to keep a careful record of all materials used,and 
the time spent, so the customer will know exactly 

what he is paying for. 

Many of the materials required in special in-
stallations have already been mentioned in the 

preceding lessons dealing with materials and 

installation procedures. However, it will prove 

helpful to pick out these materials, so that we 

can see just where they fit into a special instal-
lation. 

Materials and equipment used in special in-
stallations are: 

  Survey receiver 

  Standard test antenna and transmission line 

  Conical TV antenna kit 

  In-line antenna 

  High frequency antenna 

  Harness for Hi-Lo antenna combination 

  Terminal block for above 

  Two bay conical antenna 

  Four bay conical antenna 

  Single bay conical antenna 

  Low channel antenna (VDX 2 to 6) — Econ-
omy line) 

  High channel antenna (VDX 7 to 13 — (Econ-
omy line) 

  Low channel antenna (VDX 2 to 6)— (Deluxe 
line) 
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  High channel antenna (VDX 7 to 13) — (Deluxe 
line) 

  Rods for stacking low channel antenna (Econ-
omy line) 

  Rods for stacking high channelantenna (Econ-
omy line) 

  Rods for stacking low channel antenna (Deluxe 
line) 

  Rods for stacking high channel antenna (De-
luxe line) 

  Television antenna switch (2 positions) 

  Parallel wire transmission line ( heavy) 

  Vinylite tubing 

  Twinex transmission line 

  RG59U Coaxial line 

  Tubular transmission line 

  Special 1-3/8 Dural tubing — 12 ft. length 

  Special 1-5/8 Dural tubing — 12 ft. length 

  Special 1-7/8 Dural tubing — 12 ft. length 

  Special 2-1/8 Dural tubing — 12 ft. length 

  Antenna rotator — with remote control switch 

  Junction box (2 position) 

  Junction box ( 3 position) 

  FM wave trap 

Wafer antenna switch kit 

  Wafer antenna switch (geared type) 

  Waterproof transformer 

'hitching transformer 

  19.75 mc wave trap 

  27.75 mc wave trap 

  High-pass filter 

  Elevator Transformer 

  Coaxial connector 

  Pre-amplifier — permeability tuned 

  Dealer distribution system " 1" 

  (Distribution box with 6 outlets) 

  Dealer distribution system " 2" 

  (Distribution box with 6 outlets and 6 load 
boxes) 

  Attenuator resistors and pads 

  Filters 

  Antennaplex systems 

  Inverter, dc to ac 

  Neon test lamp 

Survey Receiver. — Where the signal strength 

or the quality of the television reception at a 

particular location is at all doubtful, it is best 

first to conduct a survey to determine the best 

reception obtainable. A good test instrument to 

use is the television receiver which is eventu-

ally to be installed. But that is not always 
practical, particularly since the sale of the re-
ceiver frequently depends on obtaining satis-

factory results from a preliminary survey. 

The test is made with a specially rigged up 
television receiver. The receiver is equipped 
with meters in certain circuits, carefully cali-

brated so as to provide meter readings that can 

be interpreted in terms of the strength of the 
television signal. This feature is important in 
checking on the signal level of weak stations, 
and in determining the site on the roof at which 

the antenna picks up the strongest signal. How-
ever, in most locations, particularly in midtown 

areas where there is plenty of signal strength, 
the surveyreceiver is used to obtain a test picture 
on its picture tube screen. 

Fig. 12-2 

The Survey Receiver shown in Fig. 12-2 is an 
RCA Model 8-TS-30 television receiver, altered 

only to the extent necessary to connect meters 

into the picture i-f and picture detector circuits. 
A block diagram of the modified receiver, show-
ing where the meters are placed, is seen in 

Fig. 12-3: 

By connecting a suitable meter across a part 

of the picture detector circuits, we can read the 

relative strength of any signal tuned in, as com-
pared to a previously determined standard value. 
To obtain good picture quality, a definite signal 
voltage level must be available at the output of 

the picture detector. If the signal level at the an-

tenna is high enough, it is possible to adjust the 
gain control in the picture i-f amplifier so that 

the output at the picture detector can be made the 

same for all signals that are tuned in. A meter 
connected in this gain control circuit can be cali-
brated to give the relative signal strengths. 
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Fig. 12-3 

Calibration and Use of Survey Receiver. — The 

meter in the gain control circuit is carefully 
calibrated. Calibration curves, such as that 

shown in Fig. 12-4, are prepared for each survey 
receiver. 

To obtain an accurate reading, it is important 

that the conditions of the test be the same as,or 

as close as possible to, those during calibration. 

That requires the use of an antenna and trans-
mission line that has been standardized for this 
purpose, accurate setting of the line voltage at 

117 volts, and accurate tuning of the signal 
whose strength is to be measured. 

An autotransformer, connected in the power 
supply line with an a-c voltmeter across its out-
put, enables the voltage supplied to the receiver 

to be set at exactly the required 117 volts. The 
standard test antenna to be used for accurate 

signal strength measurements is a dipole reso-
nated for Channel 2, connected to the survey re-
ceiver through a 50-foot length of 300 ohm parallel 
wire transmission line. The test antenna is 

usually mounted on a 30 foot collapsible mast, 
so that measurements can be made at different 

heights above the level of the roof. 

diode 
output 
meter 

H AUDIO 

AMP 

PICTURE 

DIODE 

SPEAKER 

KINESCOPE 

VIDEO 

AMP 

1SYNC. 

SEPA R. 

HORIZ. 

DEFLECT. 

VERT 
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When a signal strength measurement is to be 

made, the antenna is set up or held at the test 
site on the roof, the transmission line is con-

nected to the receiver, and the receiver supply 

voltage is carefully set to the required 117 volts. 

The weakest station is tuned in as accurately as 
possible. Then the picture contrast control 
(which controls the gain of the receiver) is ad-

justed to give a predetermined reading on the 
meter in the detector circuit. The second meter 

will then read the picture i-f bias voltage, which 

is a measure of the gain of the receiver required 
to bring the input signal up to the desired oper-
ational level. The next step is to convert this 

reading to signal strength of the station under 

test. This is done by referring to the proper 
calibration chart. 

The calibration curve shows the relationship 
between the meter reading and signal strength 

expressed as microvolts of input signal voltage. 
For example, on this particular chart, a meter 

reading of 60 indicates an input voltage of 110 

microvolts; and a meter reading of 90 indicates 

an input voltage of 220 microvolts, as read on 
the calibration curve. (Each individual survey 

receiver has its own calibration chart. The one 
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shown in Fig. 12-4 is merely a sample, and can-
not be used with any other survey receiver than 
the one for which it was made.) 

It is important to remember that the correct 

operating conditions must exist at the time that 
you are making the test. Therefore, be sure to 
check the a-c supply voltage (which should be 

117 volts) at the time you make the test of signal 

strength. 

Extra Tall Masts. — One feature that makes an 

installation special is the use of one or more 

extra mast sections to form a mast taller than 12 

ft. In fringe areas this additional height is need-
ed to bring in a stronger signal. In a metropolitan 
area, where buildings or other structures may 
intercept the direct path of the signal, it may be 

needed to raise the antenna above a TV shadow 
cast by the obstructing structure. Even where it 
is not possible to get out of this shadow, raising 
the height of the antenna may result in obtaining 

a usable signal. 

Most of the various sizes of mast section are 

designed so that two or three sections of mast can 

be telescoped one into the other to form masts of 
about 30 ft. in height. For masts taller than 30 ft., 
it becomes necessary to erect a tower. Such a 

structure is usually put up by a sub-contractor. 

The methods of telescoping the mast sections 
and bolting them together and installing the 

supporting wires have been fully explained in 

previous lessons. 

Extra Antenna Elements. — While raising the 

height of the antenna, in many cases, may be 

sufficient to bring in a usable signal, where the 
signal is weak it is necessary to add antenna 

elements to increase the signal pickup. 

In fringe areas where high antenna gain is 

necessary, single or stacked conical or in-line 
type antennas give best results. 

The situation is considerably different in mid-

city areas, where the signal is strong. Here, too, 

additional antenna elements may have to be 

added. But in this case, the need is not to gain 
a stronger delivered signal, but to obtain greater 
directivity, in order to eliminate or to cut down on 

reflections or other interference. 
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To do an effective job in mid-city areas where 

stations are in different directions from the re-
ceiver locations, it is sometimes necessary to 
have a number of separate antennas. In some 
cases, the regular low and high frequency an-

tennas may be used. In other cases, it may be 
desirable to use antennas cut for particular 
channels. 

Transmission Lines for Special Installations — 

Where more than 100 ft. of parallel wire trans-
mission line is used, the installation is con-

sidered as special. However, we usually think 
of special installations, insofar as transmission 

lines are concerned, as those requiring some 

other type of line because of unusual local condi-
tions. The troubles most often encountered are 
excessive electrical interference or noise, and 

salt deposits on the line. 

Where electrical interference or noise is en-
countered, the obvious solution is the use of 
some form of shielded transmission line. Twinex 

or RG59U coaxial line may be used, with Twinex 

preferred for reasons which are given later. 

In shore areas where salt is likely to deposit 
on the line, protection may be obtained either by 

covering the parallel wire line with Vinylite 
tubing, or by the use of the tubular line. 

Where no problem of interference or salt water 
deposits exists, but the line is subjected to 

rough usage or exposure to extremes of weather, 
it is often desirable to use the heavy duty parallel 
wire line. 

Transmission line characteristics that must 
be kept in mind in deciding which to use are 

shown in the following table: 

Part No. 

Note: The 

12-7 

The parallel wire heavy duty line and the tubular 
lines have the same characteristic impedance 

as the regular parallel wire line, 300 ohms, which 

matches the normal input impedance of television 
receivers. The losses in these lines are quite 
low. 

The shielded lines, Twinex and RG59U coaxial, 

have much higher lósses; but they must be used 

in locations where serious interference is en-

countered. The characteristic impedance of the 

Twinex line, 225 ohms, does not present too 
serious a mismatch to the 300 ohms of the receiver 

input, and therefore can be connected directly. 
But, in the case of RG59U coaxial line, the 
characteristic impedance of 73 ohms is such a 
considerable mismatch that some form of coupling 
is needed. 

Matching and Elevator Transformers.— In order 
to match the 73 ohm characteristic impedance of 

coaxial line to the 300 ohm input of the receiver, 

Fig. 12-5 Outdoor Matching transformer 

TRANSMISSION LINE CHARACTERISTICS 

Description  

Parallel wire line 

Parallel wire line ( Heavy Duty) 

Twinex (two wires shielded) 

RG59U Coaxial line 

Tubular line 

Characteristic 
Impedance  

Ohms 

300 

300 

225 

73 

300 

Attenuation or Loss 
per 100 ft. at 100 mc 

Db Output/Input 

1.25 0.86 

1.25 

4.0 0.63 

3.7 0.653 

1.25 0.86 

attenuation figures are made on a basis of voltage loss, not power loss. 

0.86 
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transformer and its circuit are shown in Fig. 

12-7 (a and b). 

Fig. 12-6 Indoor matching transformer 

a suitable matching device is needed. We can 

use the 73/300 ohm matching transformer at 
the receiver input, and a second matching trans-
former to match the antenna to the line. The 
outdoor transformer must be waterproof. It differs 

from the indoor matching transformer in appear-

ance, as shown in Fig. 12-5 and 12-6. 

At the receiver input, it is sometimes possible 
to get along without the matching transformer, if 
there is an elevator transformer on the receiver 

chassis that has a provision for connection to 

either a 300 or a 72 ohm input. The 73 ohm co-
axial cable can be connected directly to the 72 

ohm terminals without any mismatch. The elevator 

Fig. 12-7(a) 

Fig. 12-7 ( b) 

Junction Boxes and Antenna Switches. — 

Where several separate antennas are installed, it 

is necessary to bring separate transmission lines 
down to the receiver, where the desired line may 

be selected by some form of switching arrange-

ment. 

The junction boxes shown in Fig. 12-8, pro-
viding for 2 and 3 lines, can be used in many 

cases. These are mounted at the receiver, and 
the desired line is selected by throwing the 

appropriate toggle switch on the junction box. 

Fig. 12-8 

To eliminate the need for selecting the proper 

antenna each time a station is changed, special 
wafer switches have been developed which can 

be mounted on the r-f unit of the receiver, and 

coupled directly to the r-f tuner. Then, when the 
station is selected, the correct antenna is auto-
matically connected to the receiver input circuit. 

Two types of wafer switches are used. One is in 

the form of a kit which must be assembled and 

connected at the rear of the r-f unit on the pro-
jection type receivers. The other, a more recent 
development, is mounted at the front of the r-f 

unit and is coupled by a fibre gear directly to the 

r-f tuner. 

The antenna switch kit, also known as the 

R.F. Modification Kit, consists of: 2 switch 

wafers, 1 support "A", 1 support "B", 1 support 
"C", 1 coupling with set screws, 1 detent. 

These are put together as shown in Fig. 12-9. 
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Fig. 12-9 

The method of assembly is: 

1. Put the coupling on the r-f unit decent abaft (See 
Fig. 12-9). 

2. Fasten supports "A" and "C" in place as shown 
in Fig. 12-9 using screws for the head end. 

3. Slip switch wafers into place, makins sure that the 
switch contacts are in the same positions as those 
of the channel switch. 

4. Fasten support "B" in place. 

5. Slip short detent through wafers and fasten into 
coupling. 

6. Connect a short length of parallel wire • line from 
the wiper contacts, *1 position on the wafers, to 

the antenna input transformer. 

7. Connect the various lines from the antennas to the 
corresponding contacts on the wafers (see Fig. 
12-9. 

8. If more than one high channel antenna is required, 
the connection strap between positions 7-13 may be 
cut to separate upper channel contacts. 

The more recently developed 12 position wafer 
antenna switch couples directly to a fibre gear 

Fig. 12-10 

already installed on the tuning shaft of later 
model receivers. Some receivers may have a fibre 

disk that is not geared. In this case it is neces-
sary to remove the disk and replace it with one 

that is geared. The unit, which comes completely 
assembled, is shown in Fig. 12-10 

Antenna Rotator. — Instead of using several 
different antennas which require separate trans-
mission lines, in many cases it is possible to 
use one antenna to receive signals from stations 
in different directions by providing a means to 

rotate the antenna. This is done by placing an 
antenna rotator, at the mast. Its rotation is con-
trolled by a remote control switch at the receiver. 
Such a rotator is shown in Fig. 12-11 (a), below. 

leave loose 

"Z"jig 

spacer block arrangement 

using rotator support 
hook 

leave both lags loose 

tighten this log screw 

hole for spacer boll 

connector 

Fig. 12-11 (a) 

rotator support hook 

hook pivot bolt 

chain 

spacer 

The antenna rotator is designed to rotate in 
either direction at a slow speed. It will turn 
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slightly more than one revolution, a total of 370 

degrees, in approximately one minute. At the 

end of its rotation it will automatically stop until 

the proper control is set for it to rotate in the 
opposite direction. 

Fig. 12-11 ( b) 

The control unit (Fig. 12-11 ( b)) is connected 
to the motor by means of a four wire cable. With 

some rotators this may be in the form of a ribbon, 

looking like the parallel wire line but containing 
four wires. These four wires must connect to 
corresponding terminals at the rotator and at the 
control box. One wire is common (ground), one 
controls rotation to the left, another rotation to 
the right. The fourth wire connects to a switch 
at the rotator, that automatically shuts off the 

power when the motor reaches the end of its 
rotation in either direction, and at the same time 
closes a circuit which causes a pilot light at the 
control box to light up. 

The operation of the system is simple. The 

customer turns the switch on the control box for 
rotation to the RIGHT. The rotator starts up and 

continues to turn until it reaches the end of its 

motion or is stopped as the customer turns the 
switch to stop. If the rotator is not stopped it 

will stop automatically at the end of its motion 
and the warning pilot light will light up. The 

customer can then proceed to run the rotator in 
the opposite direction. He cannot tell in just 
what direction the antenna is pointing. He must 

watch the picture on the television receiver and 

stop the rotation at the point at which the picture 
is clear. If he over-runs the correct setting, he 

can stop the motor and then run it in the opposite 

direction — this time watching closely for the 
proper point to stop. 

Pre-amplifier. — In fringe areas or in locations 

where it is necessary to increase the strength of 
a weak signal or signals to a level at which the 

receiver can operate properly, a pre-amplifier may 
be connected ahead of the receiver. Two examples 

of a pre-amplifier unit are shown below, but 
many other types are available. 

Fig. 12-12 

The Fringemaster pre-amplifier is a neat, com-
pact unit, housed in a metal cabinet approximately 

four inches high, five and one quarter inches long 
and four and one quarter inches deep. The cabinet 
has a light brown enamel finish. 

On the front panel,there are only three knobs. 

The center knob has the notations: OFF, LOW 

and HIGH. In the LOW position, one of the two 
amplifiers contained in the unit is turned on. This 
is the amplifier for Channels 2 to 6. At the HIGH 

position the amplifier for Channels 7 to 13 is 

turned on. The knob at the left hand side of the 

panel permits tuning for the low Channels 2 to 6, 
while the right hand knob tunes the high Channels 

7 to 13. 
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Each of the two amplifiers consists of a 6J6 
dual triode connected in push-pull, with perme-
ability type tuning, resulting in a particularly good 

signal to noise ratio with a reasonable amount of 

gain. While some gain is needed in a pre-ampli-
fier, it is very important that it be relatively free 
of noise; since noise will show up in the picture 

as "snow", and will spoil the reception. 

The input and output connections to the 

Fringemaster unit are made at the rear of the 

chassis, as shown in Fig. 12-13. Terminals 1 
and 2, and 4 and 5 provide balanced 300 ohm input 
and output to match the 300 ohm parallel wire 
line. Terminal 3 is grounded. Used with terminal 
2 this provides a 75 ohm input, which can form 
a good match for an unbalanced coaxial trans-
mission line. A similar 75 ohm unbalanced 

output is provided through terminals 3 and 4. 

Since this pre-amplifier provides for both input 
and output of either 300 or 75 ohms, it is possible 

to connect a coaxial line directly to the 75 ohm 

input terminals, and a 300 ohm parallel wire line 
connection from the output terminals to the re-

ceiver input terminals. This eliminates the need 

for a matching transformer at this end of the trans-
mission line. 

Fig. 12-13 

Áttenuotor Resistors and Pads. — There are 

locations close to transmitter stations where the 

signal from one or more stations is much too 

strong for the receiver input, and something must 

be done to cut down this signal strength. This 

can be done by the insertion of attenuator re-

sistors, used singly or in T or H pads, in the 

transmission line, as explained in Lesson 10. 
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These resistors must be of the carbon, non-

inductive type. They have the property of at-

tenuating all signals equally, which is desirable 
in many cases. Where it is desired to cut down 
on the strength of a particular frequency, other 
means are necessary — such as the use of wave 

traps, filters or stubs. 

Since the amount of attenuation needed will 

depend upon the particular conditions encountered 
on the job, the installation man should carry an 
assortment of carbon resistors. These may vary 

from low values of about 10 ohms that may be 
needed in coaxial line adjustments to several 
thousand ohms required in certain types of filters. 

The determination of the particular values of 

resistors to use and their arrangement in pads and 
filters will be considered later in the study of 
specific types of installations. 

Wave Traps and Filters. — Where interference 

troubles are encountered, the offending signal 

may be eliminated by one or more of the regular 

traps or filters that are available. These include 
the following: 

a. Wave trap for FM band (88-108 mc) 
b. 19.75 Mc wave trap 
c. 27.25 Mc wave trap 
d. High-pass filter cutting off below Channel 2 

The 19.75 mc and 27.25 mc wave traps are 
designed to slide over the i-f coils in the receiver 

to attenuate interfering signals at those particular 

frequencies. The other items in the above list 
are used at the input terminals of the receiver. 

A comprehensive study of the various types 

of interference and the methods for correcting 
them will be made in Lesson 13. The use of 

certain of the above devices will be considered 
in this lesson where they apply to these special 

installations. They are shown in Fig. 12-14. 

Inverters or Rotary Converters. — In d-c dis-

tricts, it is necessary to have some device that 
will change the local d-c to a-c power supply for 
the receiver. Such a conversion unit, which 

could be an inverter or a rotary converter, must 

be furnished by the customer. A neon test lamp 

will assist in checking for a-c or d-c at the power 
line outlets, as explained in Lesson 4. 
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27.25 Mc wave trap 19.75 Mc wave trap 

Fig. 12-14 

In order to make a survey of reception condi-

tions in a d-c district, where such areas exist, the 
shop should have available a number of inverter 

units. In most cases this is similar to the inverter 

unit shown in Fig. 12-15, which supplies a rated 

output of 350 watts 110-120 volts a-c., from an 
input of 110-120 volts d-c. 

Fig. 12-15 (a) 

With a suitable inverter unit available, the in-

stallation is no different from the usual installa-

tion — where an a-c power supply is available. It 

is important, however, to have sufficient power 

output in watts from the inverter unit. If the 

current drain from the unit becomes too high, its 

output voltage will drop. This usually shows up 

in the television receiver as a picture of reduced 

size, which cannot be expanded to till the kine-

scope screen. 

High-pass filter 

In general, the wattage rating ot the inverter 

used to change the d-c supply to a-c must have a 

factor of safety of 1.5. That means that for satis-

factory day after day operation of a television 

receiver whose wattage rating is 325 watts, the 

rating of the inverter unit should be 325 x 1.5, 

or at least 487 watts. 

Dealer Distribution Systems. — Where it is 

desired to connect a number of receivers to the 

same antenna or antenna system, as in a dealer's 

installation, equipment is available for two types 

of installations, accommodating up to six re-

ceiver outlets. 

Dealer Distribution System " 1" consists of a 

distribution box with six outlets and with six 

toggle switches to connect the individual re-

ceivers. Dealer Distribution System "2" has a 

distribution box with six outlets, but in addition 

has six loading boxes at which the receiver 

switches are located. This system has the ad-

vantage of enabling the receiver control to be 

made at the receiver location. 

A discussion of the operation of the Dealer 

Distribution Systems will be covered in a later 

section. 

Antennaplex System. — To provide for the 

operation of many receivers in a single building, 

the RCA Antennaplex System has been developed. 

This system provides satisfactory television and 

FM signals to multiple receiver outlets in such 

structures as apartment houses, hotels, depart-
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ment stores, institutions and private homes where 

more than one viewing screen is desired. 

The Antennaplex System provides either a 

separate antenna for each channel in a given area, 

or a single mast with separate antenna units for 

the reception of each station in the service area. 

In this way, it eliminates the installation of a 

large number of antennas on a single building. In 

buildings where many antennas had previously 

been installed, interaction between the antennas 

resulted in serious interference; and the addition 

of another antenna frequently presented a difficult 

physical problem. The Antennaplex System re-

places all these individual antennas and requires 

only one antenna unit for each station in the area. 

A special amplifier is connected to each an-

tenna unit to boost the signal to a level high 

enough to supply all the receivers in the system. 

The outputs of all channels are then fed over a 

distribution network to the multiple outlets. Only 

one cable connects to each outlet, carrying the 

output of all channels. 

The responsibility of a television installation 

man is usually confined to connecting a receiver 

to an Antennaplex system that is operating. The 

problems that may be encountered will be studied 

in a later section. 

INDOOR SPECIA L INSTA L LA T1ONS 

12-3. The major special installation problems 

are found in outdoor installations in weak signal 

areas, where the signal must be boosted, or in 

strong signal areas, where station directivity, 

reflections or interference are the headaches. 

However, there are cases where an indoor instal-

lation may be classed as special. This problem 

is trequently encountered in buildings on which 

the landlord does not permit the installation of 

an outdoor antenna. 

Survey for an Indoor Installation. — Where the 

quality of reception is not known, the customer 

frequently requests that a preliminary survey be 

made. This is done with the survey receiver and 

such types of antennas as are permitted at the 

location. Sometimes suitable locations may be 

found for one or more indoor antennas. Sometimes 
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the addition of a pre-amplifier is required to bring 

in sufficient signal for operation with an indoor 

antenna. 

Fix'. 12-15 ( b) 

An example of a job report of a typical survey 

for an indoor installation is shown in Fig. 12-16. 

This form would be filled out for each job per-

formed by the installation man, showing the es-

sential information that must be supplied for the 

job. In this particular case, the work to be done 

was merely to "conduct a survey to determine 

reception". No material was used up on this job, 

so the "MATERIAL USED" column was not filled 

out. But in the "JOB DETAILS" section com-

plete information is given. 

Note particularly the record of reception re-

sults. This record is important since it shows 

the nature ot the reception to be expected at that 

location. This is a guiding factor in determining 

whether an installation is to be made, and it is 

the standard that must be reached or surpassed 

when the final installation is made. 

Also note that a record is kept of the hours of 

travel and of work and the mileage covered. For 

just a survey in which no installation is made, the 

charge may be a flat rate, as indicated, but whure 

aninstallation is made, the time required is one of 
the items that determines the cost charged to the 

customer. Another important item, of course, is 

the materials used in an installation. Such ma-

terials must be carefully listed, so that the 

customer who is asked to accept the "work and 

charges — as satisfactory" knows just what he 

is paying for. 
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(COMPANY NAME) 

JOB CARD NO. 

BILL TO JOB LOCATION CONTRACT NO. MODEL NO. SERIAL NO. 

THIS IS YOUR INVOICE CUSTOMER•S PHONE 

HRS LABOR @ 5 

C.O.D. 

UPON 

PER HOUR 
CUSTOMER'S DESCRIPTION OF TROUBLE 

Survey 

DATE RECEIVED 

5/7/49 
LABOR 

MATERIALS 

EXPENSE 

SUB.TOTAL 

STATE TAX 

MUNICIPAL TAX 

TOTAL DUE 

EMPLOYEES IDENTIFICATION 

BE PRESENTED 

$ 

$ 

Plat 

$ 

CARD OR 

REQUEST 

DATE PROMISED 

5/10/49 

WORK PERFORMED 

Conducted survey to determine reCentiOn. 

START TIME 

/0:30 

No installation made. 

FINISH TIME 

/2: to 
rate 

1_54° 

Payment itec'd for (Company Narne)by 
DATE PAYMENT RECD AMOUNT REC D 

BADGE WILL 

CONTRACT CLASSIFICATION 
INITIAL INSTALLATION TYPE INSTALLATION ZONE CLASS TYPE OF CONTRACT 

MONTH DAY YEAR 

STANDARD = 

NON-STANDARD r—i 

A = 

° = 

c r-i 
RESIDENTIAL r—i 
NON-RESIDENTIAL ni 

SO DAY r-i 
1 YEAR r-i 
RENEWAL I— I 

INDOOR = 

OUTDOOR = 

NO CONTRACT li 

MATERIALS USED 

QUANTITY PART NO. DESCRIPTION 
SERVICE 

CODE 
AMOUNT 

S 

TOTAL MATERIAL S 

JOB DETAILS 

DATE EMP. 

INITIALS 

BRIEF DESCRIPTION OF WORK DONE 
SERVICE 

CODE 

HOURS 
MILEAGE EXPENSES 

/RAVEL WORK 

5/10/49 MIA Probee epertment with capacity 3°m:1e-clan& .7 2.6 10 5 
BES V—antennas. Only one type ef window mount— 

Jac vuLA allowed . and that leas no enorL. 
Pound heat (overall reunite, wi th 'I...antenna_ 

nuatamAr ebnwn reoPptton es follows: 
Oh- 2 — fair to good. slight reel- si- snow 
n 4 di. good, slight multiple reflertion• 
n 5 - fair to sl_ mult_ ref1_,s1 good, _smolt 
n 7 - fair to good.. multiple reflea ions 
n 11 — fedr to good, multiple reflections 
n 13 — snowy 

TOTALS S 

PLUS TRANSPORTATION CHARGES MILES @ e PER MILE. S TOTAL TRANSPORTATION CHARGE 

WORK AND CHARGES ACCEPTED AS SATISFACTORY 
ORDER TAKEN BY JOB CARD NO. 

CUSTOMERS SIGNATURE 
,. 

DATE 

19D26E (4) PA1ENIED—MOON kre.ESS 10.3. IC. MAGA. FALLS, N. Y. 

Fig. 12-16 
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Indoor Installation Problems. — Almost any 
type of condition may be encountered in an indoor 
antenna installation. Such installations are fre-

quently made in a strong signal area, where the 
signal is so strong that the gain of an outdoor an-
tenna is unnecessary. But the presence of many 
high buildings and considerable metal in the 

building structure, very often results in multiple 

reflections and scattering of the signal, so that 
reception conditions are hard to predict. 

At the receiver location, the strongest signal 
from a particular station may not be the direct 
signal. Nor may it be the reflection from a near-

by building. It is possible for the strongest signal 

to be picked up from a reflection or from induction 
from a metallic structure within the building, from 
the power line or from the metallic chassis of the 

receiver itself. A highly directional antenna may 
be able to sort out this strongest signal from all 

others, sufficiently well to be usable. 

In some locations, the built-in antenna will 
give satisfactory results. Indoor antennas that 

can be positioned or adjusted where directivity 
is a problem are: the indoor V-antenna, the 
twinlead dipole and the twin lead folded dipole. 

Positioning of the antenna, and in many cases 

of the receiver, has such a considerable effect on 
reception that it is important to test out all the 

likely positions to find the best obtainable re-
ception. The favorable positions must be care-
fully noted. 

Of course, it is possible to use a V-antenna 

and have the customer move it around to the most 

favorable position for each particular station, 
every time that he switches stations. That solu-

tion may be the acceptable one in many cases. 
However, a solution which makes the installation 

special is to set up a different antenna in the 

position that is most favorable for each station. 
Usually, several stations are picked up equally 
well by the same antenna, so that a combination 

of two or three may suffice to bring in all stations 
reasonably well. 

The transmission lines from these antennas 
are then brought to a junction box or to an antenna 

switch (see Section 12-2) so that the proper an-
tenna can be selected for each channel. 

OUTDOOR SPECIAL INSTALLATIONS 

12-4. In weak signal areas, the primary prob-
lem is to get as much gain as possible, so that 

satisfactory reception is obtained. Such a condi-

tion may exist for all active channels in that 

area, or there may be one or two weak stations 
whose reception it is necessary to improve. In 

strong signal areas, the trouble is usually too 
much signal, complicated by the need for re-

ceiving signals from several different directions, 
and often suppressing reflections at the same 
time. 

Weak Signal Areas. — The particular method 

or methods of increasing the gain of the installa-
tion will depend on the conditions encountered at 

the particular location. In fringe areas, at a con-
siderable distance from the transmitters, added 

signal is obtained by installing a taller mast, 

using multiple or stacked antenna elements, add-
ing a pre-amplifier to the receiver input, and more 

careful routing and fastening of the transmission 

line. In areas where only one or two stations are 
weak while the others are satisfactory, reception 

of the weak stations can be improved by adding 

additional antennas, in some cases especially 

cut for the particular channel, or adding a pre-
amplifier. In all cases, it is desirable that a 

survey be made for an accurate determination of 
reception conditions. 

Fringe area installation with which the in-
stallation man deals normally, have been covered 

in detail in Lesson 11. Installations in which 

one or two weak stations need to be boosted 
while the others are of satisfactory strength may 
occur in midtown areas. 

A condition resulting as more transmitters are 

put into operation, is reception from two or more 

distant transmitting centers from different direc-

tions. Since reception from each transmitting 
center requires maximum gain, including of course, 
a high degree of directivity, an antenna oriented 

to one transmitting center will not receive signals 
satisfactorily from some other direction. 

Of course, the problem can be solved by 
having separate antennas. Another practical 
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solution is to mount the antenna on a antenna 

rotator, so that the antenna can be positioned by 
remote control. 

Where two transmitting centers are in opposite 

directions from the receiver location, it is possi-

ble to use a special antenna which remains in a 

fixed position but whose direction of reception 

can be changed by a phase switching system. 
Such an installation is shown in Fig. 12-17. 

Fig. 12-17 

Strong Signal Areas. — In strong signal areas 
where the receiving location is likely to be close 

to one or more transmitters serving the area, with 

reception coming from different directions, we are 
not concerned so much with signal strength as we 
are with directivity. In addition, since the strong 

signal areas are usually in midtown, we are 
troubled with multiple reflections and, in many 

cases, considerable local interference. In some 

cases, the receiver is located so close to the 
transmitter or transmitters that the signal strength 

is excessive and the receiver circuits are over-

loaded. Almost every conceivable reception 
problem may be encountered in these areas, and 

each must be solved in accordance with the 
particular conditions found at the location. 

The first step in determining the type of in-
stallation needed is, of course, a survey. Where 

the installation has been authorized, the survey 

is considered a part of the installation. Some-

times, however, the customer wants a survey tr, 

be made first before deciding on the permanent 
installation. 

Survey Procedure in Strong Signal Area. — In 

making a roof survey to determine the conditions 

for best reception, the essential steps are: 

1. Contact the owner or building superintendent to 
obtain necessary permission, determine building 
rules, and find out what type of assistance ( if any) 
will be needed. 

2. Determine the location in which the set will go. 
This does not mean the exact location in the room. 
It does mean, however, what floor, which side of 
the building, easiest access to the roof, etc. 

3. Make certain that an a-c outlet is conveniently 
close to the receiver location. Don't guess. 
Check the outlet with a neon tester. If only d-c 
is available, the customer must furnish an inverter 
before a complete installation can be made (see 
section 12-6). For the purpose of the survey, 
however, get an inverter from your shop. 

4. Watch for the possible routes for the transmission 
line. 

5. Note whether the location is likely to have much 
local interference. Unless you are sure that elec-
trical interference is a problem at the location, 
the survey test should be made with parallel wire 
transmission line. If you are sure that electrical 
interference is present, or if you note that previous 
installations in the building have been made with 
coaxial cable, you can save time by running a 
coaxial line for your test. 

6. Go up to the roof and look it over carefully, noting 
its condition type and orientation of antennas 
already installed, and likely sites for mounting an 
antenna. You will want to keep your antenna at 
least 10 feet from any antenna previously installed 
for some other receiver in the building. 

7. Set up the survey receiver at the location desired 
by the customer, run the transmission line for the 
survey and the sound phones for communication 
from receiver to the roof, and bring the survey an-
tenna and mast to the roof. 

8. Since a roof survey requires that the test antenna 
be moved to all likely sites on the roof, and at 
each site rotated to determine best reception from 
each station while the effect of each change is 
carefully noted on the survey receiver down below, 
two men are normally needed for the job. 

9. With everything connected for the test, be sure 
that you leave enough slack in the transmission 
line and sound phones to permit the test antenna 
to be moved around to all likely sites on the roof. 

10. The standard test antenna described in Section 12-2 
is designed to give an accurate measurement of 
signal strength. This antenna, a simple dipole 
cut for Channel 2, is not satisfactory for the di-
rectional problems encountered in strong signal 
areas. Besides, we are concerned more with pic-
ture quality than with signal strength. Therefore, 
the antenna to use in your survey should be the 
type you are likely to install at that location. If 
at all in doubt, use a standard dipole and reflector 
in the initial tests. You can substitute other types 
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later, if necessary. However, you should use the 
collapsible survey mast, on which to mount your 
test antenna. This will enable you to raise or 
lower the antenna at will. 

11. The first site to test is the one at which the mast 
mount and the transmission line routing can most 
readily be installed. If this site works out well, 
and it may in many cases, it may not be necessary 
for tests to be made at other sites. However, if 
the reception of even one station is not up to 
standard, alternate sites should be checked. 

12. At each site, position the antenna for best re-
ception for each station. Note the results care-
fully. Determine the proper orientation for the 
weakest station. If the reception for the weakest 
station at this orientation is satisfactory, check 
the reception of all other stations. You might be 
lucky and have all stations come in well at this 
antenna setting. But the chances are that one or 
more stations will give you trouble. 

13. If you have trouble with reception from one or more 
stations at the first site tested, before moving the 
antenna to an alternate site it is best to find out 
how the signals change with an increase in an-
tenna height or by moving the antenna a few feet 
in different directions. Note carefully the recep-
tion for each station for each change made, watch-
ing particularly for improvement in the reception of 
any stations. 

14. From an observation of reception at all sites and 
antenna settings, you can determine the best site 
and orientation for each station. From this infor-
mation you can decide which type of antenna or 
antennas should be installed and whether one or 
more separate antennas, are needed. 

15. By observing the quality of reception, you can 
decide whether parallel wire transmission line 
will be satisfactory or coaxial or other shielded 
line is needed. 

16. Although the use of other than standard antenna 
and transmission line will not give an accurate 
measure of the signal strength at the roof, it will 
give a measure of the signal strength delivered to 
the receiver input terminals. By taking the signal 
strength measurements for each station, you can 
determine whether the signal from any station is 
so weak that it must be boosted or whether one or 
more signals are so strong that they must be 
attenuated. 

17. Accurately record the positions on the roof at 
which the antenna or antennas should be installed, 
the route for installation of the transmission line, 
and the best obtainable reception for each station. 

18. Demonstrate to the customer the reception results 
obtained. If in the survey test the reception from 
any station is below standard, explain the probable 
reason to him (interference, overloading, weak 
signal, etc.) and whether or not such condition 
can possibly be cleared up in the final installa-
tion. 

19. Prepare a complete list of all the materials needed 
for the final installation problem and an estimate 
of the time requireci.Where the installation problem 
is not too involved, a complete cost estimate 
should be prepared and presen:ed to the customer 
for approval. 

A Sample Survey Report. — It would be nice if, 

at this point, we could illustrate the results of 

the foregoing procedure by showing a typical sur-

yey report. Unfortunately, there's no such animal 

as a typical special installation. By their very 
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nature, the situations requiring survey reports and 

special installations are deviations from the 

typical. We can, however, take a look at a survey 

report made for one particular situation, just as 

an example: 

REPORT OF SURVEY 

Conducted survey to 
determine reception. 
No installation made 

Hours  
Travel Work Mileage 

.5 3.0 5 

Contacted Mr. C who showed location in which 
set was to go. This is a Bar on the first floor, north 
side of the building. An a-c outlet is available. 

Surveyed roof for best reception. Found best reception 
on the west end as shown in the drawing ( Fig. 12-18). 
Reception was: 

Channel 2 — Very good, slight close-in reflections. 
Signal strength over 20K iv ( 20,000 
microvolts). 

Channel 4 — Good, slight reflections, over 20K ihy. 

Channel 5 — Very good 

Channel 7 — Very good 

Channel 13 — Fair 

Channel 2,overloading—must be attenuated about 10-1. 

Coaxial lead-in is required,a 550 ft. run as per drawing. 

The building engineer assisted in determining the line 
run. 

This is an abnormal installation. 

Materials required: 

Approximately 550 ft. coaxial line. 

2 Matching transformers 

1 dipole antenna 

1 High frequency antenna 

1 standard mast and mount 

Estimated 24 man hours to mount antenna and run lead. 
Must drill through 4 walls as indicated by circles on 
drawing. (See Fig. 12-18 on next page,) 

There are a number of things about this survey 

and the report that merit careful study. First of 

all, the report while brief,gave all the essential 

details. The carefully prepared drawing shows 
not only the location of the antenna but two al-

ternate routes for the transmission line with the 

location of points at which holes must be drilled. 

From the drawing you will note that the in-

stallation is in a 19 to 20 story building, with 

the receiver located on the first floor. This calls 

for an extremely long transmission line run. Since 

there is bound to be much electrical interference 

in such a location, the need for a coaxial line is 

obvious. 

The drawing shows one route for the trans-

mission line is down through the elevator shaft, 
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Fig. 12-18 

while the other route (the one recommended for 

the final installation) runs through hallways and 

down a vent. It is noted,that the chief building 
engineer assisted in determining the line run. 

This last observation is very important. 

Always Consult Building Engineer. — In an 
apartment house or business building, the super-
intendent or building engineer must be contacted 

and consulted right at the start. He is responsi-
ble for the safety of the building, and he knows 

just what can and what cannot be permitted in 
that building. In practically all cases, he will be 

extremely cooperative. It is in his interest to 
keep the tenant satisfied. 

The running of a long transmission line, such 

as in this case from the roof of a 20 storey build-
ing all the way down to the first floor, is always 

something of a problem. In many cases it is 

necessary to run that line down the outside wall. 
In this case, through the interest and the per-

mission of the chief building engineer, it was 
possible to run the line for the survey down the 

elevator shaft, all the way down to the first floor. 

This resulted in a considerable saving of time — 
only 3 hours were required for the complete 
survey. 

The running of a transmission line down an 
elevator shaft must never be attempted without 

the permission and assistance or supervision of 

the building engineer. Not only your safety, but 
the safety of others is at stake. 

-w-- Incliverafor 
closet 

NOTE: 
chief building engineer 
ell drill hole frees 
second floor to first 
floor 

elevator shaft 

sell of lead 

I" FLOOR HALLWAY 

Installation of Several Antennas. — Where a 

customer wants good reception on all stations, it 

is frequently necessary to use several antennas. 

Here is a case in which a difficult problem was 
presented due to very strong signals from the 

transmitting stations, and surrounding tall build-
ing which are sources of very severe reflections. 

In an effort to overcome these problems, every 

precaution was taken to reduce the effects of 
these conditions, such as using a shielded line 
to reduce direct line pickup and more direct;ve 

high channel antennas to reduce pickup of re-
flected signals. 

SPECIAL INSTALLATION REPORT ( 1)  

Conducted survey and 

Installation was made 
Labor and travel, 
48 hours total 

1. Made survey electrically of all stations to determine 
the best locations for antennas, and also to deter-
mine the number of antennas necessary to receive 
the stations from which reception was possible. 

2. Located all antennas on one mast atop the roof of 
the water tank penthouse (see Fig. 12-19). 
(a) Installed hi-low combination antenna for Channels 

2-4-5-7-9, consisting of a stra ight dipole and re-
flector and an aluminum hi-channel folded dipole 
and reflector with one director. The two antennas 
were coupled to a common transmission line 
using a standard harness. 

(6) Installed aluminum hi-channel folded dipole and 
reflector with two directors for Channel 11. ( The 
high channel folded dipole and reflector with 
directors were a standard high frequency an-
tenna. The directors were made of tubing 
cut to size from stra ight dipole rods and 
bolted in place on an extension to the cross arm 
of the antenna.) 

3. Installed two transmission lines from antennas to 
receiver location, using 225 ohm shielded Twinex 
cable. 
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Fig. 12-19 

4. Installed antenna switch wafers on receiver R.F. 
unit so that antennas can be switched automatically 
as the desired channel is selected. 

5. Installed a simple dipole antenna made of parallel 
wire line on the rear of the receiver cabinet for 
use on the FM and the Broadcast bands. This was 
necessary since the transmission lines were run 
directly to the television receiver chassis. 

6. Adjusted the FM trap to reduce image interference 
on Channel 2. Installed a trap for Channel 9 be-
cause of interference from Channel 2. 

7. Made final receiver adjustments. 

8. Mr. D—was not at home during the time of the in-
stallation and, therefore, was not available to ob-
serve the final results upon the completion of the 
installation. However, Mrs D___was shown re-
ception on all available channels and she said that 
the results were satisfactory. There were: 

Channel 2 - Very good - faint interference bars at 
times, depending on viewing distance 
and contrast brightness settings. 

Channel 4 - 

Channel 5 - 

Channel 7 - 

Channel 9 - 

Channel 11 - 

Channel 13 - 

Excellent 

Excellent 

Very good - slight reflections. 

Excellent 

Very good - slight reflections 

Fair 

An unusual feature of this installation is the 
use of highly directive antennas. This high de-

gree of directivity, which works particularly well 

on the high channels, is obtained by adding one 
or more director elements on the antenna cross 

arm ahead of the active element — in this case a 

folded dipole. 

The director elements are cut to a length 

slightly less than the length of the folded dipole, 
and the spacing is slightly less than one-quarter 

wave separation ahead of the active element. It 
is possible to make the directivity of the antenna 

even sharper by adding additional directors. But 

in practice it is seldom that more than two di-
rectors are used. 

Fig. 12-20 

Another problem encountered here is the need 
to eliminate interference. This was done by the 

addition of suitable wave traps at the receiver 
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input. A complete discussion of interference 

problems is given in Lesson 13. 

Some additional problems were encountered in 

the following installation: 

SPECIAL INSTALLATION REPORT (2)  

Conducted Survey Model 648PTK Labor and Travel 
and installation Serial No. 48 hours total 
was made. 

1. Conducted survey to determine best reception. All 
stations are blocked by taller buildings across the 
street. The picture quality obtained is the optimum 
for this location. 

2. Three antennas were installed on the sixth floor 
roof to feed the receiver on the second floor of the 
building. One antenna is for Channel 5 only. A 
second high frequency antenna feeds Channels 9 
and 11. A combination high-low antenna provides 
reception on Channels 2-4-7. 

3. Three separate transmission lines were run to the 
receiver. For the long unsupported run from the 
Channel 5 antenna, Twinex was used. This pro-
vided the necessary strength and also gave better 
shielding. 

A parallel wire line was found satisfactory for 
the antenna providing reception from Channels 9 
and 11. 

A coaxial transmission line was used for the combi-
nation high-low antenna for Channels 2, 4 and 7. 

4. The run of three transmission lines down the build-
ing and around the room in which the receiver was 
placed was difficult, since care was necessary to 
avoid defacing the interior and exterior appearance. 
The best possible solution was used in this instal-
lation. If severe winds or weather conditions affect 
the installation, it would be advisable to have a con-
tractor run the lines inside the building. However, 
it is not expected that this will be necessary. 

5. A wafer antenna switchwas installed at the receiver 
for automatic switching of the antennas as the 
channel is selected. 

6. An FM wave trap was installed at the receiver in-
put and tuned to eliminate interference on Channel 2. 

7. The results were checked the day following the in-
stallation before calling the job complete. Mr. W 
viewed the reception and considered it quite ac-
ceptable. The reception was: 

Channel 2 — Very good 

Channel 4 — Very good — light reflections noticeable 
at close viewing distance. 

Channel 5 — Excellent 

Channel 7 — Excellent quality. There is a tendency 
become unstable with excessive or in-
sufficient contrast. This appears as a 
slight distortion in the picture. It appears 
to be the result of using a reflected 
rather than the direct signal for this 
station. This was necessary to avoid 
ghosts. 

9 — Excellent Channel 

Channel 11 — Very good — slight reflections noticeable 
at close viewing distance. 

Materials used: 

1 Channel 5 antenna 

1 High frequency antenna 

1 High-low antenna 

3 12 ft. masts (standard) and mounts 

300 ft. Twinex 

300 ft. parallel wire line 

300 ft. Coaxial line 

1 Antenna switch, wafer type 

1 FM wave trap 

You will notice in this installation, that three 

separate type of transmission line were used. 

The parallel wire line used for the survey proved 
satisfactory for reception of Channels 9 and 11. 

A coaxial line worked out well for the combination 
high-low antenna which supplied reception from 

Channels 2, 4 and 7. Channel 5, however, gave 

considerable trouble, resulting in the final choice 

of the balanced Twinex line. 

Note also that all lines are run outside of the 

building down to the floor where the receiver is 

located. It is noted in the report that an alter-
na te, recommended routing would be inside of the 

building. It is possible, but not certain, that 
better results might be obtained. For this alter-

nate routing, which at this location would be 
carried out by a contractor, it would be desirable 
to use coaxial cable for all three transmission 

lines. 

INSTALLATION IN A D-C DISTRICT 

12-5. In many communities, there are areas 
where the available power supply is d-c. This 

may be encountered in midtown areas in older 

sections of the city. However, you may run into 
such a situation unexpectedly in areas where you 

know that neighboring buildings have a-c supply. 
One reason for this discrepancy is that some 
buildings supply their own electrical power. 

There are other buildings in which both d-c and 

a-c outlets are available. Usually, the d-c outlets 

are of the polarized type into which the ordinary 

line plug will not fit. But you cannot depend on 
that. 

To plug an a-c instrument, such as the tele-
vision receiver, into a d-c power supply can re-

sult in considerable damage — certainly the trans-
former primary would be burnt out. The best way 

to be sure of the type of power supplied by an 

outlet is to test it with your neon tester. Both 

plates of the neon lamp will glow for a-c, while 
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only one plate glows when the voltage applied 

is d-c. 

Of course, an inverter is necessary for the 

installation of a television receiver in a d-c 

locality. Otherwise the installation is not much 

different from an a-c installation in the same 

locality. 

Here is a report of an installation in a d-c area: 

INSTALLATION REPORT — D-C AREA  

Conducted survey 
and installed 
receiver 

Hours 
Travork 

.5 3.0 
Mileage 
5 

Only d-c available. Customer provided a Cornell-
Dubilier inverter. The landlord would not permit an 
external mast and antenna, since it would deface the 
appearance of the building ( so he claimed). Surveyed 
the entire apartment, but signal was weak. Set up a 
twin lead dipole on a 2 x 4 inch timber on the roof, 
with 50 ft. twin lead transmission line to the apart-
ment. Since this did not change the building skyline, 
it was acceptable to the landlord. 

The desired picture width was not obtained, even 
with the inverter voltage output at the medium or high 
positions. The inverter noise was noticeable in the 
picture. Suggested that the inverter be moved farther 
from the set, to another room. This was done. The 
noise was reduced, but was still noticeable. Explained 
that we were not responsible for inverter, and ex-
plained the need for one with a higher power output. 

Aside from inverter noise and reduced picture width 
the reception was satisfactory on stations checked. 
These were: 

Channel 2 — Good, with slight reflections. 

Channel 4 — Good 

Other stations not on the air when tests were made. 

Aside from the trouble that can be encountered 

with an inverter, this report points out a possible 

answer for the "no antenna" problem. Where the 

landlord's only objection is to the appearance of 

the outdoor mast and antenna, the twin lead 

dipole installed on the roof or attic in such a 

manner that it does not show from the outside of 

the house may be acceptable to the landlord — 

and it may furnish enough additional signal pick-

up to give acceptable reception. The additional 

source of noise and the power limitations, found 

in most devices for converting d-c to a-c in the 

home, make it particularly important to deliver a 

strong signal to the television receiver. 

DEALER DISTRIBUTION SYSTEMS 

12-6. A dealer, in order to demonstrate his 

receivers properly, must have a number of sets 

12-21 

connected to an antenna system so that any one 

or several of them at the same time may be 

operated as desired. The same problem is pre-

sented in homes where the customer wants to in-

stall two or more television receivers. It is 
possible to operate a number of receivers from 

the same antenna or antenna system, but there 

are a number of problems involved. 

The basic problem is to match the receivers 

to the transmission line in such a manner that: 

(1) sufficient signal is delivered to each receiver 

for its proper operation; (2) energy is not re-

flected back in the transmission line to form line 

bounce reflections that show up as ghost in the 

picture; ( 3) the receivers are isolated from each 

other so that the operation of one will not affect 

the operation of the others. 

The use of matching resistors can solve this 

problem reasonably well where the signal strength 

is high and where only a limited number of re-

ceivers, up to seven, are connected to one an-

tenna. Where it is necessary to operate a great 

many receivers we use the Antennaplex system, 

which includes amplifiers to bring the signal 

strength up to a level that will furnish sufficient 

power for the operation of the greater number. 

Resistor Distribution Systems. — When a single 

receiver is connected to a 300 ohm parallel wire 

transmission line it is matched to the line be-

cause the receiver input resistance is also 300 

ohms. Under this condition a signal in the line 

on reaching the receiver input circuit is com-

pletely absorbed and none of it is reflected back 

up the line. As far as the line is concerned,it 

does not matter how many receivers or what type 

of resistor network it terminates in, just so the 

line looks into a terminating total resistance of 

300 ohms, or reasonably close to that value. 

The actual receiver input circuit shown in 

Fig. 12-21 (a), is essentially the loaded primary 

of the r-f transformer, and has an input impedance 

of 300 ohms. We could replace this with a 300 

ohm resistor, as in Fig. 12-21 ( b), which would 

be an equivalent circuit as far as the line is con-

cerned and would be just as good a match. Since 

the line impedance and its terminal load match, 

all of the signal energy is delivered to the load. 
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(a) 

(b) 

If we were to connect two receivers without 

any matching resistors, the line would no longer 
terminate in a 300 ohm load. Two receivers, each 
with an input of 300 ohms, if connected in parallel, 

would give an equivalent resistance of only 150 
ohms. In this case, only part of the energy would 

be absorbed, and some would be reflected back 

up the line to show up in the picture as line 
bounce reflections. Resistors must be added in 

the leads to each receiver to obtain the proper 
match. By adding a 150 ohm resistor in each 

lead, as in Fig. 12-22 (a), each receiver circuit 
now has 150 + 150 + 300 = 600 ohms connected to 

the line. Since the circuits for the two receivers 
are in parallel, the total resistance of the load at 
the termination of the line is 1/2  x 600 or 300 ohms, 

as shown in Fig. 12-22 (b). The actual and equi-
valent circuits for two receivers are like this: 

150 12 

(al 

30012 

receiver input 

30012 

receiver input 

b 

Fig. 12-22 

In this way, by adding the proper value of 

resistance in the leads to each receiver, we have 

adjusted the circuit to match the 300 ohms of the 

line. All of the signal energy will now be ab-
sorbed, but not all of it goes to the receivers. 

Since each receiver has a total of 300 ohms in 
series with its 3)0 ohm input circuit, only one 

half of the signal voltage delivered by the trans-
mission line will be available at the receiver in-

put terminals. The remainder is absorbed by the 
resistors. 

In the same way, the proper value of resistance 

to use in each lead can be determined for 3, 4, 5 
or more receivers. The more receivers in the 
system the larger the value of resistance required 
in each lead, and the lower the signal voltage 
supplied to each receiver. 

There are three general types of dealer dis-
tribution systems for multiple receiver instal-

lations, which we shall describe now. These 
include two similar types of television demon-
stration antenna systems that are both central 

distribution systems, and a television distribution 
system with outlets tapped along the transmission 
line. 

Tele vis ion Demonstration Antenna System 

"1". — This system is designed for multiple 

operation of receivers that have balanced input 

impedance of 300 ohms. The receivers may be 

operated individually or simultaneously. The 
system consists of a television antenna that 
is connected to a distribution box by the re-
quired length of parallel wire transmission 

line. The distribution box, located at a central 
point, divides the signal obtained from the an-
tenna among a number of outlets in the box. Each 
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of these outlets provides a television signal for a 
receiver. 

OFF-ON toggle switches are provided in the 
distribution box, adjacent to each outlet. While 

the distribution box has place for six outlets and 

switches, the number usable in a particular in-
stallation depends on the signal strength avail-
able. 

A minimum signal strength of 500 microvolts 
is necessary for operation of each receiver. If 

more than 3,000 microvolts of signal, as measured 
with the survey receiver, is available from the 

transmission line, all six outlets can be used. 
If less than 3,000 microvolts is available, the 
outlets on the distribution box should be reduced 
accordingly. The receivers to be operated are 

connected to the distribution box by parallel 
wire line. 

The matching resistors are wired into the dis-
tribution box at the time of installation, in ac-

cordance with the number of outlets to be used. 

A resistor is connected to each outlet lead to 
form the series-parallel type of circuit shown in 

Fig.12-22. As previously noted, for two receivers 

(that is, two outlets on the distribution box), four 
resistors are used, each of 159 ohms. 

For other numbers of receivers the correct re-
sistor values are: 

Number of 
Receivers Resistor Value 

Number of 
Resistors 

3 

4 

5 

6 

300 ohms 

450 ohms 

600 ohms 

750 ohms' 

6 

8 

10 

12 

With a toggle switch in the ON position,a tele-

vision signal is provided from the corresponding 
outlet to a connected receiver. For all receivers 
not connected or turned on, the toggle switches 
in the distribution box must be in the OFF posi-
tion. In this position a dummy load of 300 ohms, 

equivalent to the input impedance of the receiver, 
is inserted into the system. This is necessary 

to prevent an unbalanced condition. Failure to 
do so can result in noise, decreased signal or 

severe reflections in the signal furnished to other 
receivers connected in the system. 

Television Demonstration Antenna System 

"2". — This is similar to System " 1" except 
that the switches and dummy loads are removed 
from the distribution box and are placed in indi-
vidual load boxes that can be located at the re-

ceiver location. With this arrangement the line is 

connected to the receiver by means of the switch 
in the load box at the receiver location. This 
system, therefore, is easier to operate than 

System " 1", where the switches are all at the 
central distribution box. 
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Distribution System with Outlets Tapped Along 

the Transmission Line. — In many locations there 
is need for a distribution system in which outlets 

may be tapped in along the transmission line, 
instead of distributing from a central point as in 
Systems " 1" and "2". A system has been de-

veloped which has identical loss with the central 
point system and provides equal voltage at all 
outlets. Since the system frequently results in 

the use of less transmission line, there is a 
saving in installation time. 

In this system, there are a number of boxes 
with resistor networks which enable a receiver to 
be tapped into the line and still maintain the 
terminating impedance of 300 ohms, looking into 

the system from the antenna side. A schematic 
of the system is shown in Fig. 12-25. 

Boxes numbered from #2 to #7 are made up 
with the required resistor networks as indicated 

in the schematic. For 7 outlets, all of the num-

bered boxes from #2 to #7 are used. For fewer 
outlets, the higher numbered boxes are eliminated. 

For example: for 6 outlets, boxes from 112 to 116 
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would be used and #7 would be eliminated; for 4 

outlets, boxes from #2 to #4 would be used and 

and boxes #5 to #7 would be eliminated. The 

transmission line from the antenna enters the 

system at the highest numbered box. For outlets 

less than 7, the boxes closest to the antenna end 

are eliminated in order. 

As long as a proper resistance network is 

maintained, it is possible to use elements of the 

above system in conjunction with the central type 

distribution boxes. For example; if you want to 

use a system having six outlets, with the first 

two along the line and the remaining four dis-

tributed from a central point, you can use a #6 

and a #5 box and connect the output of the latter 

box to a four terminal distribution box of either 

System " 1" or System " 2". Many other combina-

tions are possible, a few of which are shown in 

Fig. 12-26. 

If a receiver is not connected to any outlet in 

any of the above combinations, it is important 

that the outlet be terminated in a dummy load of 

300 ohms, just as explained for the central dis-

tribution systems. In the tapped line system 

boxes #2 to #7 can be made up by wiring the 

proper resistors into the right type junction box. 

Only seven outlets are shown in the system. 

For a larger number of receivers reduced signal 

and interference problems may result. Of course, 

two or more complete systems using separate 

antennas could be used, or an Antennaplex 

system could be installed. 

ANTENNAPLEX INSTALLATIONS 

12-7. While the responsibility of the tele-

vision installation man is usually confined to 

set #4 

set set 

set se set 

set set se sat 

antenna *5 

box 

L   J 
set *3 

*4 

box 

set set 

se, 

*3 

box 

set 

Fig. 12-26 

se/#2 

set se 

«2 

box 

o 
set 

set 

connecting a receiver to an Antennaplex system 

that is operating, it is well to look over the basic 

elements of the system to get a better understand-

ing of the matching problems involved. 

The Basic Antennaplex System. — The basic 

elements in an Antennaplex system are shown in 

the functional schematic of Fig. 12-27. The 
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system consists of ( 1) antennas, preferably but 

not necessarily one for each TV channel and one 

for the FM channel and a separate standard 

broadcast AM antenna; ( 2) transmission lines to 

the corresponding amplifiers; ( 3) a distribution 

network to carry all signals to terminal outlets 

at the receiver locations. 

A cabinet assembly to contain the amplifiers 

is usually installed on the roof or top floor, near 

the antenna. It contains a television amplifier 

chassis upon which can be mounted up to eight 

channel amplifiers, an AM amplifier for use when 

broadcast reception is desired, and a power 

supply to operate both. 

Mounted on the television amplifier chassis 

are: ( 1) a filament transformer for supplying fila-

ment current to the various tubes of the channel 

arriplifiers; ( 2) an antenna input terminal board 

having provision for equalizing levels and match-

ing antennas to various channel amplifiers or 

group of amplifiers; and (3) an output transformer 

for matching the combined outputs of the various 

channel amplifiers to a 72 ohm coaxial cable for 

signal distribution. 

12-25 

The broadcast amplifier chassis consists of a 

three stage broadband amplifier, 72 ohm un-

balanced input and output, and a filament supply 

transformer. Provision is made for wave traps to 

attenuate unwanted or high level signals in the 

broadcast bands. The chassis also includes an 

r-f crossover network to permit the combining of 

the outputs of both the AM and television ampli-

fiers for distribution over a single transmission 

line. 
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Cabinet assembly for Antennaplex equipment 

All channel amplifiers are designed to operate 

from balanced two wire (parallel wire) trans-
mission line from the antenna. Where coaxial 

line is used, matching or elevator transformers 

must be installed at the corresponding amplifier. 

The amplifiers have a fixed stage gain, deter-

mined by the circuit constants. There is no ad-

justable gain control. The gain cannot be in-

creased, but loss pads can be added to attenuate 

the input to any amplifier. 

Distribution Systems. — Two general types of 

systems can be used to distribute the signals 

from the amplifiers in the cabinet assembly to 

the receiver outlets throughout a building instal-

lation. In most installations,a transformer system 

is used. The general layout of such a system is 

shown in Fig. 12-29. The alternate system is the 

modified transformer or bridging type shown in 

Fig. 12-30. 
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In the transformer system, distribution is pro-
vided by a network of transformers. In the modi-

fied transformer, or bridging system, part of the 
distribution is provided by transformers, then this 

is extended to accommodate a greater number of 

outlets by means of a resistor drainage network 

somewhat similar in principle to the dealer dis-
tribution systems previously discussed. 

Both systems require the use of distribution 

transformers and customer wall outlets. 
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The distribution transformer, shown in Fig. 
12-31 (a), is essentially an autotransformer with 

a two-to-one step down in voltage, which corre-
sponds to four-to-one in impedance, so that it will 
oFerate from an unbalanced 72 ohm input to four 
outputs. The frequency characteristic of this 
transformer is quite flat over the low frequency 
TV channels, but drops off somewhat on the high 

channels where the output may be down as much 

as three-to-one. The transformer is indicated in 

the system as "A". 

The customer wall outlet, shown in Fig. 

12-31 ( b), may be one of several types. The 
basic unit for the transformer system has a 1D or 

15 db attenuation, depending on the value of re-
sistor R2 in the filter circuit of Fig. 12-31 ( b). 
The bridging type has approximately 6 db attenua-
tion. The capacitors and inductors form a high 

pass filter, rejecting frequencies below 30 mega-

cycles. This makes necessary a separate output, 
J-2, for AM reception. 
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Outlet 
Type 

1 

2 

3 

R1 R2 R5 R4 

100 75" 100 1000 

100 47 100 1000 

1000 

• Transmission line connects to ji directly. The 
capacitors and chokes are not used. 

** Two 150 ohm resistors in parallel. 

The receiver matching transformer, (type 2), 
is a 72 ohm unbalanced to 300 ohm balanced 
matching transformer for use in connecting 300 ohm 

balanced input receivers to the 72 ohm un-
balanced Antennaplex outlet. It is essential that 
this transformer be mounted directly on the tele-
vision chassis, and that the leads (300 ohm 

parallel wire line) to the receiver input terminals 

be made as short as possible to reduce direct pick-

up. In some cases it will be necessary to use 
Twinex for this lead. 

Of course, this transformer is not required in 

connecting to receivers that provide for an un-
balanced input of 100 ohms or less. In this case 

connection to the 72 ohm output of the Antenna-

plex outlet can be made directly without upsetting 
the system or producing ghosts in the receiver. 
In the event that a better match is necessary and 

sufficient signal is available, the desired value 

of resistor needed to bring the receiver load to 
about 72 ohms can be inserted across the receiver 
input terminals. 

Connecting TV Receivers to the Antennaplex 

System. — For an Antennaplex system that is 
properly installed and is delivering sufficient 

signal to the customer wall outlet, the connection 
of a receiver is a simple matter, except in those 

cases where direct signal pickup at the receiver 
location results in a leading ghost in the picture. 
Of course, if something goes wrong with the An-

tennaplex system, that is an entirely different 
matter. 

Since the maximum signal delivered at the 
Antennaplex outlet, in some locations, may be 

insufficient to over-ride direct pickup, it is neces-

sary to check the degree of direct pickup at the 
receiver and plan the installation accordingly. 

Find out what signals can be picked up without 
an antenna of any kind. This holds for AM as 
well as TV. The results obtained from this check 
will determine the procedure to follow in using or 

eliminating such direct pickup. 

On combination receivers, it is a good idea to 
check the operation of FM and AM on an in-
cabinet antenna or a twin lead folded dipole, 

as a basis for possible alterations in the input 
connection to these circuits. If any alterations 

are made to the circuit of any chassis or the inter-

wiring, a tab should be attached indicating the 
changes made and their reason — "For connection 
to Antennaplex". 

Recommended Procedure. — The following is 
the recommended procedure in connecting tele-
vision receivers to an Antennaplex outlet: 

1. Determine the extent of direct pickup with the re-
ceiver input terminals open, no antenna, at the spot 
where the receiver is to be located. If you can sync 
a picture on any channel, it is doubtful if the signal 
level on the system will override the direct pickup. 
The direct pickup arriving ahead of the signal from 
the Antennaplex system will be noticeable as a 
leading ghost in the picture. 

2. If this happens, shielding will have to be supplied 
to the receiver. One or possibly more of the follow-
ing corrective procedures may be required. These 
are usually effective in the order given: ( 1) Mount 
a receiver matching transformer, MI-6876-2, directly 
on the receiver chassis, in the case of a receiver 
with 300 ohm balanced input, and connect not more 
than a 3 inch length of parallel wire line jumper to the 
receiver input terminals. (Note: this step is not 
needed in receivers with an elevator transformer 
input.) (2) if direct pickup is still strong, proceed 
with step 3. But if the direct pickup is now down 
to a point where it is not objectionable, run a 
length of RG-59-U cable to the outlet. Do not con-
nect it. Check for pickup on the RG-59-U with the 
cable connected only at the receiver. If direct pick-
up is strong, positioning of the cable may reduce 
the pickup. If not, the receiver will have to be 
moved to a location where pickup on the RG-59-U 
cable is not objectionable. One possibility may 
work out in these cases. Mount the receiver match-
ing transformer at the Antennaplex system outlet and 
run Twines directly to the receiver input terminals, 
"Ti". Ground the Twinex shield to the receiver 
chassis. 

3. Replace the parallel wire line jumper from the receiver 
matching transformer, (mounted on the receiver 
chassis) with Twinex and ground the Twinex shield. 
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4. Shield the bottom of the receiver chassis. 

5. Shield the top of the r-f section of the receiver. 

6. If the above steps will not remove direct pickup, 
the receiver will have to be moved to a different 
location in the room or apartment. 

Connecting TV—FM—AM Combination Re-
ceivers. — The precautions and remedies listed 

above hold for the TV connection in combination 
receivers. Here, direct pickup may be greater 

than in TV receivers since there is an appre-
ciable amount of parallel wire line inter-chassis 
connection leads. The thing to do is to replace 

as many as necessary of these with Twinex, with 
the Twinex shield grounded to the chassis. 

Adjustment for FM reception will depend on 
what changes were made to obtain satisfactory 

TV reception. If it has been necessary to connect 

the Antennaplex output directly to the TV chassis, 
an inside folded dipole or coupling to the power 

line through a 150 mmf capacitor will usually do 

the trick. 

For AM reception, we must first consider the 

connections made for the TV and FM sections of 

the combination before deciding on additional 

steps. Since there is a high pass filter in the 
Antennaplex system outlet for TV-FM, cutting off 

at 30 megacycles, there are separate AM terminals 

labeled " BROADCAST" connected ahead of this 

filter. 

Check first to see whether direct pickup from 
the a-c line, interwiring or other parts of the re-

ceiver gives sufficient noise free reception. If 
direct pickup is not sufficient, a separate RG-59-U 
coaxial line must be run from the Antennaplex 

system AM outlet to the radio chassis "A" band 
coil. Normally it is necessary to cut the primary 

coil of the "A" band loose from the switching 

circuit and connect it permanently to this separate 
coaxial line. Since there is some variation in 

circuit connection in different model receivers, 

it is necessary to inspect the chassis wiring to 

determine the best method for making this con-

nection. 
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THE INTERFERENCE PROBLE11 

13-1. Does it seem odd to you that an entire 

lesson is devoted to the study of interference, 

noise, and ghosts? It need not, for troubles due 
to these causes are already adding wrinkles to 

the brows of responsible men throughout the entire 
radio industry, let alone television. And in the 

television branch of the industry, certain factors 
make the situation all the more troublesome. This 
means that as a responsible man in the installa-

tion end of television, you have a share of the 
headache. This Lesson is designed to acquaint 

you with the general nature of interference and 

noise problems (you already know a good deal 
about ghosts), and tell you how to recognize and 
handle them. More specifically, it is meant to tell 

you how to distinguish the problems you can 
handle from those that are too tough for installa-

tion men, and what to do about each type. 

You'll also get ideas from which you may 
form your policy toward delicate interference 
problems (since you must conform to some policy), 

and some knowledge of customer and public re-

lations problems that can result from interference 
and noise difficulties. Don't let these ideas 

disturb you, because no one is going to expect 

miracles, either in the matter of interference eli-
mination or the removal of customer dissatis-

faction. Admittedly, interference and noise- are 
serious problems, that probably will get worse 

before they get better. But if you absorb what is 

in this Lesson and apply it intelligently, you'll 

have little to worry about. 

What Is Interference? — A really strict defini-

tion 'of interference might be a pretty hard thing 

to write, because various parts of the radio in-
dustry are not agreed on just where interference 

leaves off and noise begins. However, we need 

not be very fussy about this point, as we're go-

ing to cover both troubles in this Lesson. Never-

theless, for purposes of discussion it will help 

to have some reasonable dividing line between 
the two, so let's use the following descriptions 

as starting points. 

An interfering signal is a train of electro-

magnetic waves of some fairly definite fundamental 
frequency, with or without related harmonics or 
sidebands, that is capable of producing an un-

desired effect in the television receiver sound or 

picture. 

Noise is an electromagnetic wave disturbance 
of a less definite sort, usually recurring as a 
series of bursts or pulses of energy containing a 

very large number of more or less random fre-
quencies spread over a considerable part of the 

radio spectrum. 

Almost always,apparatus capable of generating 

interfering signals is under the control of an 
operator, and is legally authorized to operate on 

the fundamental frequency. This is so, even as 

regards apparatus not actually meant to radiate 

such energy, such as diathermy and r-f heating 

machines. Also, such equipment may actually be 
operating within the basic requirements of the 
present FCC regulations, and still produce inter-

ference in nearby television sets. We'll go into 

the reasons for this state of affairs just as soon 
as we've had a look at a general idea about inter-

ference that will help you in thinking about tele-
vision interference in particular, later on. 

Selectivity Characteristics of TV Receivers. — 

Probably you've wondered just how a television 
set, or any other radio receiver for that matter, is 

made to accept the particular signal we want to 
receive , and more or less successfully reject all 

the others. You know it has tuned circuits, but 

just saying that doesn't make very clear what 
actually happens when several signals of compar-

able strength but different frequencies arrive at the 
input terminals of a receiver. How and why tuned 
circuits operate to accomplish this job of se-

lection will be taken up in detail in Lesson 18, 
in which we will discuss the basic principles of 

resonant circuits. However, we can get a fair 
practical idea of their operation right here that 

will serve for the present. 

Suppose we consider first certain character-
istics of radio receivers generally. In the early 
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part of this Course you learned that television 

signals require a much wider band of frequencies 

than regular AM broadcast signals. In communi-

cations work on the other hand, it is possible to 

use a relatively narrow band of frequencies, for 

reasons we won't go into just now. Obviously, a 
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receiver for any service must accept the entire 
band of frequencies sent out from the transmitter, 

if it is not to alter the program material in re-

ceiving it. It's also obvious that it need not 

accept a band of frequencies any wider than the 

band transmitted, and in fact, passing a wider 
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band might actually lead to trouble if there is 
another station transmitting on a frequency very 

near to the one we are tuned to. 

The sensible thing to do, then, is to design 
the receiver so that it will just accept and pass 

through itself the whole band of frequencies 

transmitted by the desired station. In communi-

cation receivers, this pass band may be anywhere 
from 50 to as much as 5000 cycles wide, while 

in good receivers meant for broadcast music, the 

pass band should be at least 10,000 cycles ( 10 

kc) wide. But for a television receiver, the pass 

band must be 6 megacycles wide! Now, it's clear 
that the tuned circuits in a television receiver 
have to be rather special, if they're to pass all 
the frequencies in a 6 mc slice equally well, and 

refuse to accept frequencies just outside the 

pass band. 

sound 
carrier 

picture carrier 

1  

r- 1 response 

sowed carrier 

picture reeponee 

Fig. 13-2 

In practice, it's impossible to produce tuned 

circuits that totally refuse signals close outside 

the pass band. In well designed receivers, the 
response of the tuned circuits falls off rapidly 
outside the pass band, but does not drop to zero, 

even at frequencies far removed from the pass 

band. When you study tuned circuits in Lesson 
18, the reason for this will be made clear. But 
for now, it will suffice to remember that it is so. 

The result is that if a signal outside the pass 
band is strong enough, it can still show up in the 

output of the receiver. If this happens in an AM 
broadcast receiver, the ear will often tolerate the 

resulting interference, if it is not excessive. But 

in a television receiver, an interfering signal 
mangles the picture even more than the sound, 

and the human eye is much less tolerant of de-
fects than the ear is. All of which means that a 

given proportion of interfering signal causes more 

trouble in television reception than in straight 

broadcast listening. 

Now add on another trouble resulting directly 

from the much greater bandwidth of television re-
ceivers. This difficulty lies in the fact that the 

wider the band passed, the greater chance there 
is that some spurious or accidentally produced 
radio signal or noise will , fall inside the band, 

and thus get into the picture. Obviously the 
wider a door is opened, the more chance there is 

for random raindrops to blow in. 

HOW INTERFERING S I GNALS ARE PRODUCED 

13-2. Some interfering signals are due to tele-

vision stations other than the desired station, or 

to certain circuits in other television receivers. 
However, a large proportion of the actual signals 

that interfere with television reception are acci-
dentally produced and/or radiated by the trans-

mitters of other radio services. This comes about 
because of the basic nature of radio waves and 
circuit phenomena, and the way in which frequen-
cies have been assigned to the various radio 
services. This is so important that it's worth 
taking some extra pains to get straight, so put 

down that ukulele and follow closely. 

Consider first the matter of the circuit pheno-
mena. In producing the assigned carrier frequency 

that a transmitting station is authorized to radi-

ate, practical circuits also generate some other 
frequencies, because of a property known as non-

linearity. This merely means that the circuit 
element described as non-linear does not conduct 
current as well in one direction as in the opposite 

direction, or does not pass exactly double the 
amount of current when the voltage applied to it 

is doubled. Lessons 16 and 19 will go into the 
theory of this, but for now, all you need to re-
member is that many of the circuit components 

used in radio transmitters and receivers (vacuum 
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tubes, germanium diodes, etc.) necessarily have 

this property. Now, when a pure, single frequency 

a-c current is applied to a non-linear device, it 

comes out neither pure nor single. Instead, it 

cornes out with a number of new frequencies that 

are direct multiples of the original frequency, 

often with rather serious results, so far as inter-
ference problems are concerned. 

Harmonic Generation. — Suppose for the sake 
of discussion we consider a pure a-c wave at a 

radio frequency of 10 mc, applied to a non-linear 

device. We will get out the other side not only a 
wave of the original 10 mc frequency, but also 

some radio energy at whole number multiples of 

10 mc, such as 20 mc, 30 mc, 40 mc, etc. 

pure single 

fundamental 

frequency 

input 

V\AJ 

fundamental 

and mu/tip/es 

(harmonics) 

output 

V\A) 

Fig. 13-3 

The strength of each of these new frequencies 
(called harmonic frequencies) in proportion to the 

strength of the original 10 mc input wave and to 

each other will vary with the nature of the non-

linear device. In general, the harmonic of lowest 

frequency will be strongest, followed by the others 

up the spectrum from the 10 mc original wave, 

which is called the fundamental frequency. Oddly 

enough, the fundamental is also regarded as being 

the first harmonic of itself, which need not cause 

any confusion if you will immediately forget about 

it, and merely call the 20mc frequency the second 

harmonic of the 10 mc fundamental frequency. 

Correspondingly, the frequency three times as 

great as the 10 mc fundamental is called the third 

harmonic, the 40 mc output is called the fourth 

harmonic, and so on. 

By now, even you fellows shooting craps in the 

back row should be able to see that this harmonic 

generating effect of non-linear a-c circuit elements 

can cause some radio frequencies to come out of 

transmitters and other devices, that the designer 

didn't particularly want. Also, it ought to be 

pretty clear that some of these harmonic frequen-

cies may be radiated, and wind up in a receiver 

tuned to some other radio service. This exasper-

ating phenomenon is the cause of a large propor-

tion of the interference difficulties of all radio 
services. This is particularly true in television, 

where receiver bandwidth and sensitivity make a 
big target for the unwanted harmonics. 

Assigned Frequencies. — Later we'll see that 

still more complicated interference can arise from 

this same cause, but right here let's pause a 

moment and take a look at the frequencies as-

signed to various radio services, so we can see 

how this affects the harmonic interference prob-
lem. The lowest frequency in practical use for 

radio communication purposes is about 15 kilo-

cycles. In the portion of the frequency spectrum 

between 15 kc and 535 kc there are literally 
dozens of different radio services of various 

sorts carrying on their regular business. Yes, 

they have some harmonic output, and if you live 

near one of the transmitting stations, you may 

have heard some interference in the broadcast 

band from this source. However, don't forget that 

the harmonics of these low frequency stations 

above the second are generally not radiated very 

strongly, and hence are unlikely to cause serious 

interference. As an example, consider a ship at 

sea off the coast calling a shore radio station on 

the International Distress and Calling frequency, 
which is 500 kc. If the ship's transmitter is 

radiating quite a bit of energy at its second 

harmonic frequency of 1000 kc, and your broadcast 
receiver is tuned to a broadcast station assigned 

to that frequency (such as KOMO in Seattle, or 

WHWB in Rutland, Vermont), you're likely to hear 

Morse code ripping right through Jim's Other 

Wife's Other Husband, or whatever program is on 
at the time. 

However, 1000 kc is a long way below even 
the lowest frequency television channel, and 

even if we considered the tenth harmonic of the 

ship's 500 kc fundamental, we'd only come out 

at 5,000 kc. And needless to say, the tenth 
harmonic of even the worst transmitter is usually 
weaker than a politician's promise. 
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Next above the 15 kc to 535 kc band comes 
the standard AM broadcast band, extending from 

540 to 1600 kc. The transmitters on this band are 
rather special, and in general are well designed 

and maintained, with the result that their harmon-

ics are pretty weak in proportion to the funda-
mental, although as we'll see later, this doesn't 

necessarily mean they can't cause trouble, even 

'way up at the television frequencies. Usually 

they don't, so let's jump to the top of the broad-

cast band at 1600 kc, and see what's next. 

Here we find a bewildering list of radio ser-
vices assigned, with no very definite separation 

into broad bands (such as exists in the broadcast 

band), although there is a certain regular alter-
nation or succession of assignments all the way 
from 1600 kc on up to the lowest television 

channel at 54 to 60 mc. The reason for the scatter-

ing and distribution of frequencies more or less 
evenly among various radio services in this broad 
range of frequencies is that the propagation of 

radio waves changes gradually as the frequency 
is increased, so that different parts of this fre-

quency range are useful for different distances 
and purposes. The main point is that all sorts of 
radio services are assigned to all sorts of fre-
quencies throughout this range, and as we get up 

to the higher frequencies, the second harmonic 
frequency begins to fall nearer and nearer that 

low television channel. 

And when we get up to 27 mc, BLOOIE! Any 
apparatus generating radio frequency energy on 

any frequency between there and 30 mc will have 
a second harmonic somewhere between 54 and 
60 mc, which will be pure poison for any tele-

vision receiver tuned to Channel 2, if the har-

monic is strong enough at the receiving location. 
And all too darned often, it is. Incidentally, this 

is not to suggest that only the second harmonic 
is strong enough to cause trouble. If the trans-
mitter is very powerful — and many in long range 

services is putting 10, 20, 50, even up to 200 

kilowatts of energy into the transmitting antenna 

— harmonics as high as the eighth or tenth may 

cause trouble in nearby receivers. This can 
happen even if the transmitter is well designed 

and maintained, for even 50 kilowatts is more 
than 66 horsepower of radio energy, and it doesn't 
take a very big fraction of this to put a few micro-

volts of interfering harmonic into a television re-

ceiver antenna, or directly into the receiver itself, 

for that matter. 

In practical work, this means you've got to 
keep in mind the possibility of interference from 

apparatus ' most anywhere in the whole general 

range of frequencies below the frequency to which 

the receiver is tuned. Some special emphasis 
should be put on frequencies just one half, and 

probably also one third and one fourth the fre-
quency of the television channel interfered with, 

because these frequencies will have second, 
third, or fourth harmonics that fall right into the 

television channel. As an example, consider an 
interfering signal showing up in Channel 5, which 
extends from 76 to 82 mc. The second harmonic 

of any transmitter between 38 and 41 mc will 

interfere, if it is strong enough. So will the third 

harmonic of any transmitter between 25.33 and 
27.33 mc, and the fourth harmonic of apparatus 

operating between 19 and 20.5 mc. Diabolical, 

isn't it? 

And Still Worse Comes. — You may think 

we've been pretty far out in left field, taking this 
long to explain how harmonics are generated. 

Nothing of the sort. Even if you already knew, 
you may be due for a few surprises in what 

follows. There's a good reason for having a firm 

grip on that stuff about non-linear devices and 
what they do to pure frequencies applied to them, 

for there's yet another effect that really puts the 

frosting on the cake. When two pure frequencies 

are fed into a non-linear device, we get in the 
output not only each of the original frequencies 

put in, but also several new frequencies that 
have direct relationships to the originals. 

Two of these new frequencies are our old 
friends, the second harmonics of the two original 

frequencies put in, but there are also two new-
comers that are actually the numerical sum of the 

two originals, and their difference. In fact, the 
parade gets so complicated at this point that we'd 

better resort to some numbers to show the rela-

tionships more clearly. Let's call the two origi-

nal frequencies fi and f2. Now, if we feed these 
frequencies into a non-linear device such as a 

germanium diode rectifier, connected in a circuit 
which does not discriminate against any of the 

resulting products, something like this comes out: 
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f2 

2(f1) (Second harmonic of fi.) 

2(f2) (Second harmonic of f2.) 

f1+ f2 (Sum of the original frequencies.) 

fi- f2 (Difference between original frequencies.) 

2 f1+ f2 (Second harmonic of fi plus fundamental of 
f2.) 

2 fi f2 (Second harmonic of fi minus fundamental 
of f2.) 

2 f2 + fi (Second harmonic of f2 plus fundamental of 
fi.) 

2f2 — f 1 (Second harmonic of f2 minus fundamental 
fi.) 

Actually, still more of these combinations of 
harmonic frequencies and sum and difference fre-

quencies are present in the output, but this is 
enough to illustrate the process. Also, the amount 
of the other frequencies (such as 2 fi + 2 f2 , for 

instance) present in the output is very small, so 
they usually are not troublesome. However, you 

can see that this process, which is called mixing, 

or frequency conversion, can give rise to a lot of 
frequencies that we don't want, as well as some 

that we do want upon occasion. 

Incidentally, the new sum and difference fre-

quencies produced by this mixing process are 
sometimes called beat frequencies, because the 

two originals are said to " beat" together in the 
non-linear circuit element we're using as our 

mixing device. The process is also called hetero-
dyning, or sometimes cross-modulation. This last 

term is often used in practical work because it so 
aptly describes the effect produced. 

In view of the facts just given, you're probably 

wondering how it is possible to avoid interference 
at all. Well, fortunately there are a few factors 
that operate in our favor to reduce the strength of 

most of these harmonics and beat frequencies 
enough to keep them from interfering with recep-
tion of the desired signals. You'll notice back 
there a few paragraphs where we described the 

process for generating this big family of hap"-
monics and beat frequencies that we said the non-

linear circuit element was connected in circuits 

that did not discriminate against any frequency. 

That sort of circuit was just used for demonstra-
tion, and in practical radio equipment, the circuits 

are almost always quite sharply tuned to pass one 
selected frequency or band of frequencies, and 
bypass the others harmlessly to circuit ground, 

where they can't do any harm. 

13-7 

Practical Radio Transmitter Circuits. — In 
practically all radio transmitters and other ap-

paratus designed to generate large amounts of 
radio frequency power, the various circuits are 
designed to respond efficiently to only one fre-

quency at a time. The vacuum tubes in the final 
power amplifier are often arranged in a balanced 

(push-pull) circuit, which you will learn later is 
supposed to cause cancellation of all the even 

numbered harmonics, such as the second, fourth, 
etc. However, for several reasons, such cancel-

lation is never complete, and even if it were, the 
odd numbered harmonics (third, fifth, etc.) would 
still be present to cause trouble, if they are per-

mitted to radiate. 

Another difficulty in practical transmitting ap-
paratus is caused by the fact that there are usually 

several stages of amplification or frequency 

multiplication preceding the final power stage. 
These preceding stages often have to be run at a 

respectable power level themselves. Since they 
are often required to double, triple or quadruple 

the frequency of the frequency control oscillator 
in the transmitter, they must generate harmonics 

of the original frequency fed into them. This is 
illustrated in Fig. 13-4. 

Shielding Against Harmonic Radiation. — In 
most apparatus, the strength of the troublesome 

harmonics actually radiated from the various 

stages will be fairly low, but even so they can 
cause interference, because of the high sensi-
tivity of television receivers, and the weakness 

of television signals in some areas. Much equip-
ment capable of generating such interfering har-

monics is enclosed in metal cabinets that act as 

shields to cut down the amount of harmonic energy 

radiated. 

However, this kind of shielding is seldom 
complete, so if you find such apparatus is con-

cerned in an interference problem, don't just as-
sume that it can't be radiating harmonics of the 
multiplier stages. Interfering r-f energy can leak 
back into the power line, and then be radiated, or 
carried directly by the line itself into nearby 

television receivers. The real test of course is 
to see if the interference stops when the equip-
ment is shut down. Obviously, if it does, you've 

found the source of the trouble. However, don't 
jump to the conclusion that the operator of the 
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equipment is necessarily entirely responsible. 

This point will be covered later, in discussing 

specific sources of interference. The matter has 

been touched on here only to illustrate the very 

extensive use of frequency multiplier stages in 

all sorts of r-f power generating equipment, and 

warn you about the interference possibilities they 

possess. 

Actually, the generation of harmonic energy 

in these frequency multiplier stages is just an-

other example of applying a single frequency to a 
non-linear circuit element. In this case, the non-

linear element is the vacuum tube used in the fre-

quency doubling circuit. Now let's see what other 

such non-linear devices we can discover that may 
cause trouble in television reception by generating 

unwanted harmonics. 

Harmonic Generation in the Receiver. — Say! 

A television receiver has a lot of vacuum tubes 

in it, doesn't it? And didn't we just say that a 

vacuum tube could be used as a non-linear ele-

ment? Hrnm. Yes, that's right. Interfering har-

monics can be generated right in the first stage of 

a television receiver, if the signal is strong 

enough. Let's see how this happens. 

In the r-f amplifier stage of the receiver, the 

tube is operated under conditions that permit it to 

operate as a straight amplifier of incoming 

signals, on what engineers call the linear part of 

its amplification curve. The operating point is 

set when the receiver is designed, and in a re-
ceiver in good order, the minor differences between 

individual tubes are small enough so that you can 

feel pretty confident that the stage is operating 

linearly. However, don't forget that the r-f ampli-

fier is meant to operate on the relatively weak re-

ceived television signals ranging from perhaps 50 

microvolts up to 100,000 microvolts or thereabouts. 

doubter 

16 mc 
final 

amplifier 
16 mc 

What happens if a strong signal of 1 or 2 volts 

at, say, 27.120 mc reaches the receiver r-f ampli-

fier tube? An r-f amplifier stage designed to 

handle weak signals can't possibly amplify this 

huge signal linearly. It becomes non-linear, and 

immediately generates the whole family of har-

monics of the 27.120 mc fundamental. The second 

harmonic is 54.24 mc, which appears in Channel 

2. The third harmonic is 81.36 mc, and appears 

in Channel 5. The fourth, fifth and sixth har-

monics do not fall directly in television channels, 

but can cause trouble anyhow by mixing with 

other signals in the way we spoke of earlier. 

Don't forget all those sum and difference fre-

quency combinations! The seventh harmonic falls 

in Channel 9, and although a harmonic so far re-

moved from the fundamental is usually very weak, 

it may still be troublesome. Of course, the ob-

vious way to get rid of these harmonics generated 
in the receiver r-f stage is to keep the fundamental 

that produces them from getting to the tube. The 

high pass filter mentioned in Lesson 10 does this 

pretty effectively, and we'll have more to say 

about it later. 

External Cross Modulation. — Right here we've 

got to consider still another of these non-linear 

circuit elements that can occasionally cause 

trouble. This particular one is most troublesome 

because it's likely to be almost impossible to 

find it, or do anything about it except try to locate 

the receiving antenna in a more favorable position. 

The non-linear element referred to is a bad 

connection between two conductors somewhere 

near the receiving location. In most cases this 

will not cause serious trouble, but in areas where 

signal strength is high, the harmonics generated 

by all the thousands of radio signals present can 

occasionally produce an interfering signal strong 
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enough to create a definite picture defect. This 

is most likely to happen on the roof of buildings 

in heavily populated metropolitan areas, where 

there are dozens of "haywire" antennas strung 

around for broadcast and short wave reception, 

with the connections merely twisted together. As 

soon as such a connection is corroded by the 

weather, it becomes a non-linear element, and 

can generate harmonics of any strong signal 

picked up in the wires. Worse still, it can radiate 

these harmonics to other antennas nearby, often 

strongly enough to hamper even broadcast re-
ception.. 

Once in a while you will be able to find the 

offending antenna wire, and either get permission 

to remove it, or make a proper soldered con-

nection. However, this is a pretty difficult task 
if you're in a densely populated area, and usually 

the best procedure will be to get more of the de-

sired television signal into the antenna by re-
locating or reorienting it. 

Installation Interference Problems. — Now, if 

we were to try to cover all aspects of the inter-

ference problem, this lesson would become a small 

book, and you'd have to carry a cartload of special 

equipment around with you. Obviously this isn't 

practical for men doing installation work, for most 

of the time you won't have any use for the extra 

information and equipment. Instead, installation 

men need to know how to recognize various types 

of noise and interference, how to determine which 

kinds they can deal with, and what measures to 

take in dealing with them. Your knowledge of the 

ways in which interfering signals can be produced 

will help you to decide what kinds you can do 

something about, and which sorts will require a 

special crew. 

YOUR POLICY TOWARD INTERFERENCE 

13.3. Since interference, noise and ghosts 

are problems that seem destined to plague all 

sorts of radio systems for some time to come, if 

not forever, it is necessary that any responsible 

organization doing radio servicing have some 

definite policy for dealing with such problems. 

Now, the percentage of television receivers 

troubled by serious interference is not high, ex-

cept perhaps in a few areas where special diffi-

culties exist, but it should be the aim of your 

company to insure that annoyance to set owners 

from this source is held to a minimum consistent 

with the labor and material involved. Obviously, 

a line has to be drawn somewhere, but it is often 

surprising what can be accomplished by intelli-

gent work and cooperation between the customer, 
the installation or service crew, and the people 

in control of the source of interference. Get that 

word "cooperation", because it is probably one 

of the most important considerations in the whole 
problem. 

Interference Source Often Legal. — You will 

not be called on to contact outside parties very 

much in installation work, as this part of the 

interference problem usually has to be handled by 

a special service crew. However, when you dis-

cover that outside interference is really the 
source of the trouble, its up to you to explain 

this to the customer. When you do this, you must 
make sure he understands that the operator of the 

device causing the interference is not necessarily 

at fault. There may be some fault in the inter-

fering apparatus which causes it to fail to comply 

with the FCC requirements concerning the radia-

tion of unauthorized signals and noise, and there 

may not be. 

Often it will be difficult to determine this 

without calling in a special interference crew. 
The most important point to be considered here is, 

you must not bias the set owner into the attitude 

that his neighbor is violating any law or regula-
tion in operating the offending equipment. The 

minute this happens, and the set owner begins to 

feel that someone is unlawfully interfering with 

his reception, the chance of getting cooperation 

between the parties concerned becomes small. 

This is only human nature, but since most radio 
equipment is owned and operated by human beings, 

its up to you to have the human factor in mind all 
the time. 

You're bound to run into cases involving two 

neighbors in which you feel pretty sure that the 

interfering device is not complying with the FCC 
regulations. However, it takes measurements with 

instruments to be absolutely sure of this, so you 

must be tactful and careful in explaining the 
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situation to the parties concerned. The FCC 

regulations require that harmonics radiated by 

radio transmitters be at least 40 decibels weaker 

than the fundamental signal, and in any case not 

greater than 200 milliwatts. 

In the case of diathermy equipment, the ap-

paratus is not supposed to radiate a signal that 

is stronger than 25 microvolts per meter at a 
distance of 1000 feet or more. This is at present 

the legal requirement, but of course you have no 

way of determining directly whether or not any 

source of interference is actually exceeding these 

limits. And the bitter truth of the matter is that 

even if the interfering radiation is inside the 

legal limit, it can still cause troublesome inter-

ference. This is true because the regulations 

were set up before television service was begun, 

and the limits proved adequate for other kinds of 

radio service. It is likely that there will be some 
revision of the FCC requirements in the future, 

but of course this has no effect on your problems 

now. 

Report Procedure. — The general procedure 

for you to follow when you have located a source 

of external interference is to explain the situation 
carefully to the set owner, and report the matter 

to your Supervisor. This should be done only 

after you have taken all possible steps to eli-

minate the trouble at the receiver, as otherwise 

you may cause someone unnecessary trouble and 

expense. You should never work on the interfer-

ing device yourself, nor suggest in any way that 
your company will do such work, unless the 

device is one normally serviced by your company 

anyhow. Such work is usually beyond your 

company's jurisdiction, and any mistake on your 

part in this respect will only have to be corrected 

later, with a good chance of creating ill will. 

Fortunately, you'll not often be required to 

carry a really serious customer relations and 
interference problem of this sort all the way 

through to the finish. If interference is really 
troublesome, and you can't solve the difficulty 

with the methods available to you, the problem 
will have to be tackled by someone specializing 

in such work. Naturally it is up to the person 

doing that job to follow through in explaining the 

matter to the parties concerned. All you are ex-

pected to do is report such really serious problems 

to your superior. 

IDENTIFYING INTERFERENCE SOURCES 

13-4. The more you can learn about the inter-

fering signal, the easier it is likely to be to 
identify it. After you've got it pinned down to a 

specific cause, you'll have a better chance to do 
something about minimizing or eliminating it. 

Even when you can't handle the job yourself, you 

can pass the information pn to the interference 

specialist, so his job will be shortened. 

Is Receiver the Source? — We will cover the 

kind of receiver or transmitter defects that can 

look like ghosts, noise or interference later in 
this Lesson. What we need right here is a test 

that will show whether the trouble is originating 

inside or outside the receiver. With that es-

tablished, we can narrow the search down still 
further with other tests. This test is simple, and 

will give you a definite answer in most cases. 

Disconnect the transmission line from the re-

ceiver input, short the conductors of the line 

(connect them to each other), and either connect 

them to some ground point such as a water pipe, 

or move the line as far from the receiver as you 

can. If the trouble is coming in via the antenna 

and transmission line, it should disappear or drop 
to a very low value. In most cases you will find 

that merely disconnecting the transmission line 
is enough, but occasionally this will fool you, 

because the interference will be strong enough 

to show in the receiver by being radiated from 
the open end of the line to the chassis. 

Classes of External interference. — Having 

determined definitely that the trouble is coming 

from outside, you can proceed with the detective 

work of identifying it. External interference can 

be grouped in a few broad classes for convenience 
in our study, to simplify the work a bit. 

Class 1. Transmitters of other radio services, such as 
FM stations, regular AM broadcasting stations, short-
wave AM broadcasting, commercial and military com-
munications, amateur, and various navigation aids. 

Class 2. Other television transmitters, either on the 
same channel, or adjacent channels, or on any other 
channel that can produce interference. 

Class 3. Oscillators in radio receivers of all sorts, 
such as shortwave, FM, and other television receivers. 

Class 4. Medical and industrial equipment producing 
radio frequency current for various purposes, such as 
diathermy, welding, etc. 
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We'll keep the various sources of electrical 

noise for separate treatment, after finishing with 

the four classes listed here. This is more con-

venient, because of a fundamental difference be-

tween noise and the interfering signals classi-

fied above. In general, noises are considered to 

be continuous or intermittently repeated dis-

turbances that cover a very wide band of fre-

quencies. They are not usually affected much by 

adjustment of the fine tuning control, and com-

monly cause trouble on several television channels 

at once. 

This is not the case with interfering signals 

in the four classes mentioned above. They have 

a definite fundamental frequency, and often 

(alas!) several harmonic frequencies, any or all 

of which may turn out to be causing the trouble. 

They usually show changes in picture effects 

with adjustment of the fine tuning control, and 

usually affect only one or two channels. 

Examples of Class 1. — Let's start at the 

lower end of the frequency spectrum, bearing in 

mind what was said about harmonics, and the 

ways in which they can cause trouble. A look 

at the FCC frequency assignment table reveals 

that there are literally thousands of transmitters 

in various commercial, amateur and military com-

munication services assigned to frequencies all 

through the range from 2.0 to 54.0 mc, where the 

lowest television channel begins. Also, there 

are all the standard broadcast stations, and be-

low the regular broadcast band, still more com-

munication and direction finding transmitters. 

Fortunately, we're not likely to be troubled 
by more than one or two of these transmitters, for 

only the low numbered harmonics (second, third, 

and fourth) are likely to be strong enough to give 

trouble except very near the transmitter. Trans-

mitters on frequencies below 13.5 mc can only 

interfere with their fifth or higher numbered har-

monics, unless there is cross modulation of the 

sort described in Section 13-1. This is only 

likely when the troublesome signals are quite 
strong, which usually means that at least one of 

the transmitters concerned is fairly close to the 

receiver. If this is the case, you probably will 

know about possible interference from that 

source, from previous experience. However, it is 

worth while to check with your office by phone, 

if conditions near the receiver location are not 

well known to you. 

Let's suppose for the moment you're getting 

external interference that looks like one of these 

pictures: 

(a) Interfering signal about 500 kc away from the 
station's carrier frequency. 

(b) Interfering signalabout 1 mc away from the station's 
carrier frequency. 

-11!tter 
iz— 

(c) Interfering signalabout 3 mc away from the station's 
carrier frequency. 

Fig. 13-5 Class 1 interference patterns 
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This means that the interfering signal is very 

likely a Class 1 type. Unless you know that there 
is a rather powerful station near you on some 

frequency below 13.5 mc, the chances are the 
trouble is due to some radiating device operating 

above that frequency. Here are some of the more 

common sources of suh interference. 

Frequency Modulated Broadcast Stations. — 

Signals from these stations can interfere in tele-

vision receivers in two different ways, even if 

there are no other signals entering into the prob-
lem. The second harmonics of FM stations in the 

frequency band from 88.1 to 107.9 mc fall in the 

upper television channels (7 to 13, inclusive) and 

can cause trouble if they are strong enough. If 

there is an FM station or stations in your service 

area, this may be the source of the trouble. 

Don't forget that there are two ways in which 

this second harmonic can get into the set. If the 

station is actually radiating quite a lot of second 

harmonic energy, it may be strong enough to show 

up in the picture. If the radiated second harmonic 
is very weak, but the fundamental is very strong 

at the receiver, the harmonic may be generated in 

the first r-f stage of the set, as you learned 

earlier. The remedy in this case is obviously to 

adjust the FM trap in the input to reduce the FM 
signal to a minimum. In extreme cases it may be 

necessary to add an extra FM trap across the 

input, if the design of the set will permit. In 

older model sets this trap can be added, but in 

later models, there isn't room, and an external 

stub of the sort described in Lesson 10 (cut to 

attenuate the FM signal, of course) may work well. 

Image Interference from FM Stations. — The 

second way in which FM interference is likely to 

occur is as "image" interference on lower tele-

vision channels. The principle involved is our 

old friend the non-linear device and two frequen-

cies combining in it, but with a slightly varied 

twist. In this case, the non-linear device is the 

television set's mixer (often called the converter) 

tube, which is actually meant to operate that way. 

And the other applied frequency is that from the 

receiver oscillator, which is also doing its regular 

job. How come the interference? A few figures 

will show up the villain in the piece. Suppose 

we have a receiver tuned to Channel 2. This 

means the incoming picture carrier is at 55.25 

mc. Because of certain requirements of practical 

receivers, it is necessary to convert the picture 

carrier and all its modulation side bands to a 

lower frequency before they are further amplified. 

This new frequency is called the intermediate 

frequency, or i-f, and for the sake of simplifying 

our discussion here, we'll consider only the 

Channel 2 carrier. 

The necessary frequency change is accom-

plished in the mixer tube, which is operated in 

such a way as to generate those sum and differ-

ence frequencies we spoke of earlier, when two 
signal frequencies are applied to it. The incoming 

55.25 mc television carrier is one signal, and the 
output of the receiver's oscillator is the other. 

Many receiver designs require that the picture 
carrier be converted to 25.75 mc, which we can 
do by mixing output trom the oscillator at 81.0 mc 

with the carrier. (81.0 — 55.25 =. 25.75). The 

other frequencies produced by this mixing process 

fall outside the pass bánd of the i-f amplifier, 

and thus do not interfere with reception. But here 

is where the " image" business comes in. 

Suppose there is an interfering signal at, say, 

106.7 mc, that reaches the input of the mixer? 

Again we have sum and difference frequencies 

generated, and 106.7 — 81.0 = 25.7 mc, a dandy 

interfering frequency that will certainly show in 

the picture, if it is strong enough in proportion to 

the television signal. Incidentally such interfer-

ence is fairly common, and it's called image inter-

ference because the signal causing it is about as 

far above the oscillator frequency as the desired 

signal is below it, sort of a mirror image of the 

desired frequency. 

To differentiate between FM and other Class 1 

interference, study the patterns on the kine. FM 

interference shows the typical slanting or vertical 

light and dark bars, but also exhibits a wiggly 

effect due to the change of frequency with modu-

lation. Also, an FM transmitter will usually be 

on steadily for several hours, whereas many of 
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the other sources of such interference go on and 

off intermittently. It is quite likely that some of 

the FM station program will be heard in the sound 

channel as the fine tuning control is adjusted, 

and there will be a change in the interference 

pattern on the screen as well. 

Some other measures that can be taken to im-

prove the situation are reorientation of the an-

tenna, and changing to a shielded type of trans-

mission line, if pickup is principally in the line 

itself. Needless to say, you should make very 

sure of this point before you make any such 

change. Don't forget to check the way the inter-

ference is reaching the receiver, by removing the 

antenna, in a manner that will be explained in 

Sec. 13-4. Sometimes FM interference (and many 

other kinds, for that matter) is picked up directly 

on the receiver chassis, in which case traps may 

or may not be effective. Reorienting and re-

locating the antenna may improve television 

signal strength enough to override this kind of 

interference pickup in some cases. 

Communications Transmitter Interference. — 

Interference to television can be caused by 

communications transmitters, as well as by FM 
and broadcast transmitters radiating entertainment 
programs. Although the general public is not fully 

aware of it, there are very many communications 

networks authorized to operate in public or 
private service. These include police, fire and 
emergency radio nets, communications systems 

of the Armed Forces, taxis and other mobile 
services, licensed amateurs, national and inter-

national news and telegram and telephone services, 

and many others. All of these are authorized 
services, with assigned frequencies for their 

operations. Since there are many thousands 

of transmitters and receivers operating in 
these services in all parts of the country, 

it is quite possible for them to produce in-

terference in television receivers under certain 
conditions. 

This interference can be produced in several 

different ways, some of them due to defects in the 

interfering equipment, and some due to other 

causes not controllable by the operator of the 
equipment radiating the interfering signal. In 

either case, the interference patterns on the 

kine looks about the same as those in Pig. 13-5, 
which means that some other method must be 

used to deternine whether the trouble can be 

corrected at the source or at the receiver. This 

Class 1 interference is most commonly found on 

the lower television channels but in extreme cases 

may affect any or all channels. It usually comes 

on and goes off intermittently, without any regular 

rhythm of on and off periods, unless the inter-

fering signal is being used for Morse code trans-

mission. When this is the case, you can usually 

recognize the distinctive rapid rhythmic pattern 
of on and off time in the interference. Bear in 
mind that the modulation of the interfering signal 

may be either AM or FM, (with almost any kind of 
program, voice, music, etc.) Morse code, or it may 

not be modulated. It is often helpful to have an 
idea of how the interference is originating, so 

we'd better consider here a few more general 
facts about transmitting apparatus. 

As you already know, radio frequency power is 

usually generated in equipment having several 

stages of amplification and/or frequency multi-

plication. The interfering signal may be radiated 

from any stage in the equipment, although the 
higher powered stages are naturally more likely 

sources. Amplitude modulated transmitters are 

usually modulated in the final stage, or the next 
one preceding it, so if the interference shows no 

sign of modulation, it may be coming from an 

early stage in the transmitter. This information 
is not likely to be directly useful to you, for you 

are only responsible for doing what you can to 

eliminate the trouble at the receiver. However, in 
stubborn cases where an interference specialist 

must be sent out, you should pass on all possible 

information to your manager. 

As we said earlier, the interfering signal may 
be actually radiating from the transmitting equip-

ment of one of the various radio services, or it 

may be produced in other ways. Fortunately, it 

is much more common to find that the interference 

is actually being produced either in the input 

circuit of the receiver, or by external cross-

modulation, as discussed earlier. In any event, 

one of the quickest and most useful tests you can 

make is to try connecting a high pass filter at the 

receiver input, taking care to ground it properly. 

This often shown an improvement. If the high pass 
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filter makes little or no change in the interference, 

it's pretty likely that the transmitting equipment 

is actually radiating the interfering signal, or 

that it is being produced in some nearby metal 

structure with a poor contact. In most cases, 

however, the use of the filter will be all that is 

necessary. 

Occasionally you will find that the transmitting 

equipment and/or the transmitting antenna is 

located very near the customer's property, where 

you are making the installation. In such cases, 

it is better to locate the television antenna as 

far from the transmitting antenna as practicable, 

as this will aid in reducing the possibility of 
interference. Of course, there will occasionally 

be stubborn interference cases in which nothing 

you can do at the receiver will solve the problem. 

The only thing you can do in such cases is call 

the Supervisor and pass on all the information 

you have on the matter, so that an interference 

specialist can come out and take it from there. 

Before leaving Class 1 interference sources, 

it may be worth while to mention one specific 

source that sometimes interferes with receivers 

located near airports. Many airports have an air-

craft navigation marker beacon on 75 mc that 
causes television interference. The most effective 

remedy seems to be a stub at the receiver input, 
accurately cut to reduce the amount of the inter-

fering signal actually getting into the receiver. 

Class 2. Televis ion Transmitter Interference.— 

If a receiver is located midway between two 

metropolitan centers in each of which a television 

station is operating on, say, Channel 3, there is 

a chance that this co-channel operation will re-

sult in interference, as shown in Fig. 13-6. 

These horizontal bars will usually move up 

and down through the picture in a sort of Venetian 

blind effect, which somewhat resembles the effect 

of sound signal in the picture channel, due to a 

faulty receiver. Changing the orientation of the 

antenna will usually make a change in the pattern, 

and of course your superior will know whether 

there are two stations on the same channel in 

your area, too. The remedy for this trouble is the 

use of an antenna with a good front-to-back ratio, 

Fig. 13-6. Venetian blind effect 

and careful orientation so that the ratio of desired 

to undesired signal is high. In cases where the 

customer wants to be able to receive either 

station at will, two antennas, or a rotary antenna 

array or lobe switching antenna, are required. 

Adjacent channel interference is produced 

when the signal from a television transmitter on 

a channel adjacent to the one tuned in is strong 
enough to affect the receiver. The effect usually 

looks something like Fig. 13-7, which we might 
call a"windshield wiper" effect.Such interference 

is most likely to occur when the receiver is poorly 

aligned and the adjacent channel signal is strong. 

Occasionally some improvement can be made by 

careful orientation, but usually the cure is touch-

ing up the alignment of the receiver, which is 

Fig. 13-7 (a) "Windshield wiper" interference from 
another TV station. 
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Fig. 13-7 ( b) "Windshie Id wiper' interference photo-
graphed an instant later than (a). 

something you can't tackle. If the interfering 

signal is exceptionally strong and the signal in 
the desired channel is weak, it may be necessary 

to use a tuned stub to reduce the signal on the 
strong channel somewhat. 

Class 3. Oscillators in Other Receivers. — 
Most radio receivers in use today make use of the 

superheterodyne principle, which means they 

contain oscillating circuits that supply a local 
signal which is added to the incoming carrier to 

convert it to the i-f frequency. You'll learn more 

about the reasons for doing this later. What 

concerns us here is the interference often caused 
by these oscillators in various receivers. Un-

fortunately, one of the most serious causes of 

television interference is this very one — oscil-

lators in other television, FM, and AM radio re-

ceivers. Of the lot, television receivers are 
probably as bad as any, and the problem can be 

quite a headache in areas where there are many 

receivers in each building. 

Probably the most prevalent trouble is from 

television sets tuned to Channels 2, 7, or 9. When 
a receiver is tuned to Channel 2, its oscillator is 

on 81.0 mc. This falls right into Channel 5, and 

if there is a receiver nearby tuned to that Channel, 

there is very likely to be interference. If the an-

tennas or transmission lines for the two sets are 

near each other, some improvement can usually 

be made by separating them, or by using coaxial 
or Twinex line for one or both. This will not 

work, however, if the pickup is direct on the 

chassis, and in such cases it may be necessary 

to call in an interference specialist. You can 

sometimes detect and identify the interference for 

what it is by watching the half hour points when 

the programs change. If the interference comes 

on or goes off at such a time, chances are the 
other receiver has been switched to a different 

channel. On the other hand such interference is 
liable to remain quite steady during the course of 

a normal program period. 

The interference between receivers on Channels 

7 and 11, and Channels 9 and 13 occurs in the 

same way, and similar measures apply. Unfortu-

nately, this is not the end of the troubles that can 

arise from this cause. There are many thousands 

of receivers in service that were made by other 

manufacturers, and many of them do not use the 
oscillator frequencies given here. Also, many 

FM receivers can cause oscillator radiation 
troubles as well. These facts mean that when 

receiver oscillator interference is suspected, the 

job is likely to be a tough one, because of the 

many receivers in a given building, and the diffi-

culty of contacting all the people concerned, to 

run down the source of the trouble. Even when 

the source is found, it will often develop that 

nothing can be done about the matter, at least nor 

by installation crews. You report such matters 
to your superior, of course. 

The kinescope patterns produced by this sort 

of interference are very much like those of Class 

1 sources, and you can refer to pictures shown 
under that heading for a comparison. 

Class 4. Diathermy and Industrial Heating 
Equipment. — Like many of the Class 1 interfer-

ence sources, this sort of apparatus produces a 

more or less steady carrier frequency. Adjusting 
the fine tuning control will show some effects on 

the pattern of interference on the kine, as indeed, 

it will on most of the other kinds of interference 

covered in these Classes, if the signal is enter-

ing the receiver through the front end, in the 

norma 1 way. Class 4 interference usually shows 

up in channels that are a direct multiple of the 

frequencies assigned to this service. These are 

narrow bands centering on 13.560, 27.120, and 

40.680 mc. The harmonics will fall in Channels 

2,4,5,7,9, and 11, with the first three likely to be 

the most seriously affected. Fig. 13-8 shows two 

typical patterns produced by such interference. 
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;a) Weak diathermy 

(b) Medium strong diathermy 

Fig. 13-8 

Other points that help identify such inter-

ference are the hours during which it shows up, 

the on-off time cycle, and the lack of modulation, 

other than 60 or 120 cycles, which usually puts a 

more or less dark bar or bars in the picture. Dia-

thermy is most likely to come on for varying 

periods during doctors' office hours, and heating 

equipment will most likely show a fairly regular 

on-off time pattern corresponding to a production 

line rhythm during normal work shifts. Measures 

to be taken are to increase television signal pick-

up, and reduce interfering signal pickup by re-

orienting or relocating the antenna, moving the 

transmission line, or changing to a shielded type 

where it will help. 

If interference persists, explain the matter to 

the customer, and report it to your superior. ln 

general, this is likely to be something of a public 

relations problem, as was the case with amateur 

interference, and you should use the same tact 

and diplomacy that you do in such cases. Dia-

thermy and r-f heating equipment are authorized, 

too, and while some of the older equipment is 

rather crude, it is still legal to use it. 

General Procedures. — Before turning from 

these classes of interference, we can add a few 

general facts that will be of use. The specific 

examples mentioned here do not by any means 

exhaust the subject. There are many other possi-

ble sources of interference of the steady carrier 

frequency sort, but the ones given are the most 

common, and you should look for them first. Don't 

forget to check by removing the transmission line 

when you suspect external interference, and in 

suspicious cases, you may need to resort to 

another test. 

If you think that the interference is getting 

into the i-f directly, try removing the oscillator 

tube, or even all three of the front end tubes. If 

the interference vanishes with the oscillator out 

of its socket, the interfering signal must be 

getting converted before it reaches the i-f. If it 

persists, you may have a case of direct i-f inter-

ference on your hands. These last are likely to 

require shielding and other desperate measures, 

so be sure to eliminate the other possibilities 

before you call for help. 

Last but not least, use your own ingenuity in 

figuring out sum and difference frequencies of 

possible interfering signals. Sometimes a little 

thought along this line will give you the clue you 

need to identify the source of the trouble. 

NOISE AND GHOSTS 

13-5. Actually, radio noise voltages that in-

jure television reception can be regarded as inter-

fering signals, even though they are not deliber-
ately generated in an apparatus meant for the 

purpose. However, for purposes of study it is 

more convenient to speak of these accidentally 

generated electrical impulses as noise, partly 

because most of them are made up of a broad band 

of frequencies with little or no harmonic relation-

ship to each other. Since many of the audible 
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sounds we normally call noise are of this charac-

ter, this way of thinking of electrical noise im-

pulses will avoid confusion. 

Ignition Noise.— Actually, some of the common 

radio noises do have a fairly definite frequency 

or band of frequencies, but the effect is acci-

dental. We will deal with the known examples of 

such noise in due time. First, however, let's 

consider a typical example of a noise of the pulse 

type, that is, one which occurs as a series of 

short, sharp, bursts of electromagnetic radiation, 

each of which covers a wide band of frequencies. 

The most common noise of this type comes from 

the ignition systems of motor vehicles, and 

fortunately is rather easily identified. Here is 

how it looks on the picture screen. 

Fig. 13-9 

Short random streaks of white or black appear 
successively throughout the picture area, and 

often there will be a crackling effect in the sound 

output as well, if the ignition noise is very 

strong. Unfortunately, there is as yet no law 

controlling the amount of radio noise a motor 

vehicle can radiate. As a result, receiving in-

stallations near heavily travelled streets and 

highways are often badly troubled by ignition 

noise. If such an effect shows up on one of your 

jobs, try to make sure it is ignition noise first. 

This you can usually do by listening for the sound 

of the motor vehicle engine, because often the 

radio noise will only be troublesome when the car 

is near enough for the sound of its engine to be 

heard. If you're not sure of the identification by 

just examining the kine screen, try to make this 

check, as knowing definitely where a noise is 

coming from often helps in eliminating it. 

Test Procedure. —If the noise is from ignition, 

the next step is to find out how it is getting into 

the receiver. If the antenna is fairly near the 
street level, it may be picking up the noise. On 

the other hand, if the antenna is fairly high, 

chances are the transmission line is the culprit. 

It is even possible that the power line is bringing 

it in, or that it is being picked up on the receiver 

chassis directly, but these are less likely ex-

amples. You can test to see how the noise gets 

in by disconnecting the transmission line from 

the receiver input terminals. If there is little or 

no change in the noise pattern, go a bit further. 

Short (connect) the transmission line con-

ductors together, and connect the junction to 

some ground, such as a water or steam pipe. This 

will pretty definitely eliminate the possibility 

that the receiver end of the line is radiating the 

noise to the receiver chassis. If the noise per-

sists, it must be getting in through the power line, 

or by direct pickup. (We're assuming you already 

know the receiver itself is okay.) If removing the 

line removes or greatly reduces the noise, maybe 

it is being picked up on the line, in the antenna, 

or in both. The next step is to reconnect the line 

to the receiver in the normal way, and disconnect 
it from the antenna, leaving the conductors open 

circuited at the antenna end. If the noise is 

about the same, or is reduced only a little, it is 
being picked up in the line. This is by far the 

most common way in which ignition noise gets in 
when parallel wire line is used, because such 

lines are not shielded, and cannot be kept in 

perfect balance in practice. 

How to Minimize Noise Pickup. — The remedy 

may be to route the line by another path, if the 

interference is serious enough to justify the work. 

Also, it's worth remembering that keeping the 

line properly twisted between standoffs, and well 

clear of conductors helps to minimize noise pick-
up in it. Keeping the horizontal portion of the 

line as short as possible will also help, particu-

larly if that part must be near the street, where 

the noise originates. However, in severe cases 

of more or less continuous ignition interference, 

the use of coaxial or Twinex type transmission 
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line is about the only really effective solution, 

when line pickup is serious. This adds to the 
cost of the installation, so you should make sure 

it is needed, and then talk the problem over with 

the customer before proceeding. 

In those cases where the antenna itself is 
picking up the noise, perhaps because a nearby 

busy intersection is fairly close to the axis of 
the antenna orientation, it may be possible to 

improve the situation by careful orientation. Try 
swinging the antenna to minimize the ignition 
noise, while still receiving sufficient signal on 

the television channels to provide good pictures. 
In mild cases this may do the trick, particularly 

if none of the television signals are particularly 
weak at the location. However, the improvement 

possible in this way is not usually great, and it 

may be necessary to relocate the antenna further 

from the source of noise, or to get it up higher, or 
use a higher gain antenna, to increase the de-

sired signal pickup. Remember that to a con-

siderable extent it's the ratio of desired signal to 

unwanted noise that counts. 

Other Pulse Noise Sources. — In midtown 
areas, and to a lesser extent in suburban and 

fringe areas, there are other sources of pulse 
type radio noise that can cause trouble. Some of 

these are cash registers and other business 

machines, commutators of motors and generators, 
electric razors, sterilizing equipment, electronic 
door openers of some kinds, Neon signs, fluo-

rescent and incandescent lights, etc. Often 

there's not much you can do about such devices, 
even after you've made sure they are the seat of 

the trouble. But sometimes you can relocate the 
antenna and/or the transmission line so as to 

pick up less of the noise. Don't forget the ad-
vantages of shielded transmission line where 

pickup is by that method. In some cases, it may 
be possible to put the antenna up higher or in-
crease the desired signal strength in some other 

way, and this always helps to some extent. How-

ever, in cases where you've done all you can, 
but the noise is still too strong, better try to 

locate the offending device if you can, and point 
it out to the customer. Sometimes he can take 
some steps to have the trouble remedied, and in 

any event, you can at least feel that you have 

done your best for him. And of course, you report 

the matter fully to your superior. 

Ghosts. — The subject of ghosts has been 

pretty well covered in the previous Lessons on 
antenna installation and orientation. There is 

not very much that can be added here, except to 

describe one kind of transmitter trouble that can 
occasionally puzzle someone. If through some 

misadjustment or defect in the transmitting equip-
ment a "transient" effect is produced, it will be 

radiated along with the regular signal, and will 
show up in the receiver looking very much like a 

ghost image, but reversed in shading, that is, 

white following black, like this: 

Fig. 13-10 

A good test for this trouble usually involves 
calling your office and having someone check 
the signal there. If the defect is seen there as 
well, and with the fake ghost displaced about the 

same distance, it is quite likely to be trouble 

at the transmitter. We'll go further into the matter 
of defects in transmitter or receiver in the next 

section. 

TRANSM1 TTER AND RECEIVER DEFECTS 

13-6. In addition to the fake ghost mentioned 

above, other troubles can occur at the transmitter 

that may lead you to believe that interference is 
present. It is rather difficult to give a useful, 

description of such effects, for they usually do 
not last long, and show changes with adjustments 
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at the transmitter. Probably the best way to deal 

with them is by checking reception of the channel 

involved in another receiver, preferably one at 

some distance from your location. Often,calling 

your office will be best and quickest, and it you 

suspect the "interference" is really transmitter 

trouble, find out in this way before you waste a 

lot of time. As you gain experience, you'll find 

you can spot such phony interference most of the 

time without any help, anyhow. Another useful 

test, if other active channels are available, is to 

check reception on them. If all is normal, chances 

are the receiver is not at fault, which means 

you've narrowed down the possibilities still 

further. 

Receiver Defects Can Resemble Interference.— 

In installation work, you can usually assume that 

the receiver is in normal working order. However, 

mistakes can creep into even the best production 

lines, and damage in transit can play havoc with 

a unit as complex as a television receiver. There 

are a number of receiver defects that may make 

you think you have interference troubles — if you 

don't know how to separate the sheep from the 

goats. Here are some of the most common ex-

amples. 

Misalignment. — If the receiver is out of align-

ment, it may show a pattern resembling ghosts, 

or interference. One clue to this condition is the 

fact that it usually shows up on all channels 

more or less uniformly. This will not always be 

the case, however, and another test is to adjust 

the fine tuning control quickly back and forth 
over a small range. If the "ghosts" change their 

intensity and distance from the main image, the 

trouble is probably misalignment and/or overall 

regenerative feedback. In any case, the receiver 

should be serviced. Serious misalignment and 

regeneration will also affect the picture quality, 

so that no amount of adjustment of the set-up and 

operating controls will give good results. Need-

less to say, you shouldn't waste time trying with 

them, if you've established that the set needs 

alignment. 

Sound 1-f Channel Harmonics. — In every tele-

vision receiver there is some point in the circuit 

_ where the sound and video signals are separated 
by suitable circuits, to be amplified and detected 
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individually. This separation of the sound and 

picture signals is done after both signals have 

passed through the converter stage and been 

converted to intermediate frequencies. Now, as 
you remember, (you should, anyhow) the mixer 

tube in which the frequency conversion takes 

place has to be a non-linear device, in order to 

do its job. This means that it also generates 

a lot of harmonics of all the applied frequencies. 

In normal sets, the unwanted harmonics are by-

passed harmlessly to ground, and cause no 

trouble. However, a receiver does occasionally 

show up that is not operating normally, usually 

because the jarring and vibration in shipment has 

changed the position of some wiring, or caused 

a loose contact somewhere. When this happens 

in such a way that harmonics of the sound i-f fre-
quency get back into the picture amplifier, the 

effect will show up in the picture as a more or 

less distinct pattern. 

You can check for this condition by pulling 

the first tube in the sound i-f channel. If the 

herringbone pattern disappears, the trouble is 

located. It has been reported on Channels 5 and 

13, and probably shows up on others as well. 

If your test shows that this is the trouble, try 

pressing the sound i-f transformer and discrimi-

nator shield cans firmly against the chassis, to 

see if they are producing the trouble because of 

poor contact. If this produces a change in the 

"interference" pattern, tighten the contact be-

tween the shield and chassis as well as you can. 

Also, make sure the antenna lead-in from the 

terminal board on the rear of the cabinet is 

dressed well away from the chassis, so as not to 

unbalance the receiver input circuit. Remember 

that this phony "interference" has to get back 

into the front end of the set, and it cannot do so 

easily if good balance is maintained. 

If the steps given above do not improve 

matters, it may be that the dress of the discrimi-

nator leads or other wiring in the chassis is in-

correct. This should be checked against the 

diagram in the Service Data, and put right. In-

cidentally, another test you can use in running 
down this defect is to remove the discriminator 

tube. This is particularly useful if the trouble is 

,miginating in that circuit. 
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Picture 1-f Channel Harmonics. — Another 
difficulty can be caused by radiation of harmonics 

of the picture i-f band. Channel 5 is the one most 

often affected, but the effect can also show up in 

Channel 4, particularly if the internal antenna is 

in use. One partial remedy for this is to cut six 
inches from each end of the internal antenna, re-

soldering the wires at the ends, of course. Try 

changing the 12AU7tube in the video amplifier, as 
a weak tube in this socket will make the trouble 
much worse. The lead dress around the picture 
second detector socket should also be checked 
carefully against the Service Data. If these steps 
do not clear up the trouble, it is likely that 
further work will have to be done by a service 

man. 

Other Causes of Reception Defects. — When 

an FM signal arrives at the receiver by two paths 
of slightly different length, the sound is likely 
to be badly distorted. This is particularly true 
when both parts of the signal are about the same 

strength. Sometimes this happens in television 
reception, and quite often the picture channel will 

show little or no defect on the same channel. This 
might lead you to believe the receiver was de-
fective. You can check this by switching to a 
different channel and checking the sound quality 
there. If it is okay, chances are you may have 
some multi-path trouble. Occasionally reorienting 
will help, but usually this is not completely ef-

fective. Moving the antenna up or down a few 
inches or feet may also do some good, and is 

worth trying if the trouble is really severe. How-
ever, relocating the antenna is likely to be the 

most effective remedy. 

Airplane flutter is another cause of loss of 

picture and sound quality in some cases. Fortu-
nately the effect is temporary, and lasts only so 
long as the plane is fairly near the receiving 
location. The effect is caused by signal energy re-
flected from the plane into the antenna. It acts like 

any other case of multi-path reception, except that 
the difference in path length changes constantly 

as the plane moves. This causes the effect to go 
in and out rapidly, hence the name flutter. About 

the only cure for this kind of trouble is to get 

used to it, although a very high gain stacked an-
tenna may help some. Incidentally, improper ad-

justment of the AGC control can make the flutter 

effect much worse. 

Before leaving the subject of interference and 

kindred receiving troubles, we may as well 

mention some less common sources of difficulty. 
These are usually only found in small local areas, 

but who knows? You may find yourself right 
there some day, so file away as many as you can 

in your memory. In some places, power lines are 
also used for communication by feeding a carrier 

wave from a transmitter into them at the sending 

position. Sometimes this carrier or its harmonics 

may show up in the television receiver, either by 

coupling through the power line, or by radiation 
from the power line to the antenna. 

There are also several devices used for open-

ing and closing doors and similar purposes that 
have an r-f oscillator as a part of the apparatus. 

These have been known to cause trouble also. 
Last, but probably most important of all, many 
new radio services are now beginning operations 

on a considerable scale. These include taxi and 

truck dispatching services, railway communica-
tions, automobile phone service, and dozens of 

others. Many of these have assigned frequencies 
below the television channels, which means their 

harmonics can cause trouble if they are strong 
enough. The only solution for you is to be alert, 
keep as up to date as you can, and try to inter-
pret what you see on the screen and hear from 

the speaker. If you can weed out the problems, 

you can cope with and handle them efficiently, 
and avoid wasting time on those that require more 

specialized knowledge and equipment, you'll have 

done your part of the team job very well indeed. 



Normal test pattern. 

60 cycle interference. 

0.25 mc beat produced by an in:erfering signal. 

Interference Effects in the Picture 
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r-f interference. 

420 cycle audio signal in video i.mplifier. 

WIR-P1 
2 mc beat produced by an interfering signal. 
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Mild diathermy interference. A single bar (60 cps) drifts Severe diathermy interference at 120 cps. Bars drift 
slowly up or down. 

Medium strength interference caused by a neighboring 
receiver. 

slowly up or down. 

Very strong receiver radiation has turned picture to a 
negative. 

Sandpapery effect of mild electrical appliance noise. Strûng electrical appliance noise causing loss of sync. 

Reprinted by permission of Electronics, 
McGraw-Hill Publishing Company 



Interference Effects in the Picture 

Strong 1 mc beat interference with 400 cycle FM tone 
almost reverses the contrast. 

Picture pushed out of shape by the magnetic f_eld of a 
PM speaker near the flare of the kinescope. 
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Spark plug interference. Spark plug interference causing loss of synchronization. 

Reprinted by permission of Electronics, 
McGraw-H111 Publishing Company 

3 mc beat produced by an interfering signal almost 
reverses the contrast. 

60 cycle interference in video circuits. 



TELEVISION SERVICING COURSE, LESSON 13 
13-24 

NOTES 



TELEVISION SERVICING COURSE, LESSON 13 

13-25 

NOTES 



TELEVISION SERVICING COURSE, LESSON 13 
13-26 

NOTES 



TELEVISION SERVICING COURSE, LESSON 13 

13-27 

NOTES 



TELEVISION SERVICING COURSE, LESSON 13 
13-28 

NOTES 



TELEVISION SERVICING COURSE 
PREPARED BY 

RCA INSTITUTES, INC. 
A SERVICE OF RADIO CORPORATION OF AMERICA 

HOME STUDY DEPARTMENT 

350 West 4th St., New York 14, N. Y. 

LESSON FOURTEEN 

PROJECTION TELEVISION RECEIVERS 

• 

/Copyright 1951 by RCA Institutes, Inc. Printed 
in USA. All rights reserved. No part of this 
book may be reproduced in any form without 
the written permission of RCA Institutes, Inc. 

14-1. Projection Receiver Characteristics 

14-2. The Projection Kinescope 

14-3. The Spherical Mirror 

14-4. The Corrector Lens 

14-5. The Plane Mirror 

14-6. The Directional Screen 

14-7. The Optical Barrel 

14-8. Installation Procedure 

14-9. Operation and Adjustments 

14-10. Customer Instruction. 

viI 



TELEVISION SFRVICING COURSE. LESSON 14 
14-2 

.2e4stiaot 14 

PROJECTION RECE/VER CHARACTERISTICS. 

14-1. In Lesson 2 we learned about the basic 

sections of a conventional television receiver. 
One of the inherent problems of such a receiver 
is the practical difficulty in producing a picture 
of relatively large size. The conventional, or 
direct view, receiver displays its viewed picture 
upon the face of the kinescope. Obviously, to 

increase the size of the picture, a larger kine-
scope is required. One solution to the problem of 

obtaining larger size television pictures lies in 
the use of a projection system. 

A television projection system is similar in 

principle to motion picture projection. Motion 
picture projection provides a greatly enlarged 

picture by magnification and projection of the 
original picture on the film. Television projection 
also operates on this basic- principle, but differs 
from motion picture projection in that the tele-

vision picture is usually projected upon the rear 
of the screen. This screen is specially con-
structed so as to pass the light through to the 

front, where it is viewed. 

The projection and enlargement of television 

pictures requires the use of an optical system 
which is not found in direct view receivers. It 

also requires the use of a special kinescope, 
smaller than usually found in direct view re-
ceivers, and having special characteristics. In 
addition, the special adjustments and mainte-

nance procedures required are radically different 
from those you have already learned about. In 

this lesson we shall discuss the projection sys-
tem in detail, so that you will become familiar 

with its operation and adjustments. 

Problems of Projection Receivers. — The pur-
pose of a projection receiver is to increase the 

picture size, compared to the size that can be 

obtained with a direct view receiver. The pro-

jection screen for home receivers provides a tele-

Fig. 14-1 

vision picture measuring 15 by 20 inches (height 
by width). To produce a picture of comparable 

size with a direct viewing receiver would require 
a kinescope with a diameter of about 25 inches. 

Basic Components. — The basic components 
of the projection arrangement known as the 

Schmidt type system are shown here: 

VIEWING 
SCREEN 

CORRECTOR 
LENS 

KINESCOPE 

SPHERICAL 
MIRROR 

BLACK 
CENTER 

The system consists of: ( 1) a projection kine-

scope (5 inch diameter); (2) a spherical mirror; 
(3) a correcting lens; (4) a plane mirror and ( 5) a 
viewing screen. Briefly, the operation is this: 

A high intensity television picture is formed upon 
the face of the projection kinescope. The light 
from the picture falls upon the spherical mirror 

and is reflected upward. It passes through the 
correcting lens and falls upon the plane mirror. 
It is reflected from the plane mirror to the rear of 

the viewing screen, where the picture comes into 
focus, and may be viewed from the front of the 
screen. It might appear, that the kinescope would 

interfere with the reflection of the picture to the 

plane mirror. It doesn't, though, for reasons we'll 

explain later. The entire projection unit, with 
the exception of the plane mirror and viewing 
screen, is contained within a cylindrical unit 

called the "optical barrel". 
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There are several problems presented by the 
requirements of enlarging the picture. The larger 

the picture to be viewed, the greater is the total 

amount of light it must emit, to obtain a given 
brightness of the final picture. If, as in the pro-
jection receiver, the final picture is an enlarge-
ment of a much smaller picture on the kinescope, 

the small kinescope must give off at least as 
much total light as the final enlarged picture. 

This means that the brightness — light given off 

per square inch of surface — must be much greater 
than if the kinescope picture were to be viewed 
directly. This is why we referred a few para-
graphs back to the high intensity of the kine-
scope picture. 

This requirement raises the electrical problem 
of how to produce the high intensity picture. To 
accomplish it, the beam electrons must reach 

much higher velocities than those in the direct 
view kinescope. This in turn requires an extreme-

ly high accelerating potential. This potential 
may be in the order of 25,000 to 30,000 volts. To 
produce such high potentials entails additional 

circuit complications, and increases the danger, 
due to electric shock, of handling the equipment. 
Another problem is posed by the additional ad-
justments of the optical system which are neces-

sary for correct alignment. These adjustments 

are rather critical and may consume considerable 
time. 

In spite of these problems, the projection 
receiver possesses an advantage over direct view 
receivers using relatively small tubes. 

Handling Precautions. — Certain parts of the 

optical system are rather delicate and must be 
handled with extreme care, if serious damage to 

the equipment is to be avoided. The cardinal rule 
to follow in handling projection equipment is: 
"Don't touch anything, or even attempt to open 

the shipping carton, until you have carefully read 
the instruction book!" Parts such as the cor-

rector lens, mirrors, and projection screen may 
be ruined by improper care. We will discuss the 
correct handling procedures and care of the 

equipment in a later section of this lesson. 

Special Controls and Adjustments. — In addi-
tion to the usual controls and adjustments found 

in a direct view receiver, there are several more 
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to be found in a projection receiver. We will 
name these and give a brief description of their 
function here. Later on, we will go into more 
detail. 

1. Local-Remote switch. This makes it possible to 
control brightness and contrast from a remote 
position. 

2. Interlock switch. This switch, insures that the re-
ceiver will be turned off when the cabinet is closed. 

3. Optical focus adjustment. Provides for focusing of 
the optical system. 

4. Horizontal or Lateral (sideways) adjustments to 
provide for horizontal and sideways movements of 
the kinescope for correct alignment. 

5. Optical barrel adjustments. These are several ad-
justments to provide correct tilt of the optical barrel. 

Fig. 14-2 

VIDEO OUTPUT CABLE 

TORE VERT 
DEFL CABLE 

Directional Screen. — The viewer of a pro-
jection receiver observes the television picture 
upon a special directional screen. The screen 
measures about 15 by 20 inches, and provides a 

picture of the same dimensions. This screen 
differs from a conventional ground glass screen 

in that it has directional properties. That is to 
say, the viewer must remain within certain view-

ing angles in order to see a satisfactory picture. 
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A directional screen has the advantage of provid-

ing a much brighter picture within the restricted 
viewing angles than a non-directional screen. 

Restricting the light output from the screen to 
certain angles is not much of a disadvantage, 

since much of the light that might be sent out to 
wider angles would be largely wasted. By util-
izing a directional screen, it is possible to obtain 
a larger satisfactory picture, with a given amount 

of light, than would be possible with a non-di-

rectional screen. This indicates that a direction-
al screen is much more efficient than a non-
directional one. 

Receiver Layout. — Unlike the usual single 

chassis of the direct view receivers, a typical 

projection receiver may consist of four separate 
chassis interconnected by a plug and cable ar-

rangement. A typical layout is shown in Fig. 14-2. 
The four chassis are: 

1. An r- f, i-f chassis, containing the station selecting 
and amplifying circuits, and the vertical deflecting 
circuits. 

2. A horizontal deflection chassis. This contains the 
horizontal deflecting circuits and the high voltage 
(29,000 volts) power supply. 

3. The audio amplifier chassis, containing three tubes 
for audio frequency amplification, and its own low 
voltage (250 volts) power supply. 

4. The power supply chassis, containing two low 
voltage power supplies, one for the r-f, chassis, 
and one for the horizontal deflection chassis. 

In addition to these components, the cabinet 
contains the optical barrel, mirror and screen, 
and the various cables and switches, as shown 
in Fig. 14-2. 

THE PROJECTION KINESCOPE 

14-2. The projection kinescope operates on 
the same basic principle as other kinescopes and 
cathode ray tubes. It is, however, specifically 

designed for projection systems, and therefore 
has certain features and design characteristics 
not to be found in other types. 

A sketch of the 5TP4 projection kinescope is 
shown here: 

optically ground 
tube face 

external 

Insulating 

coating 

/I 

4" 

recessed 

cavity cap 

Fig. 14-3 

external 
conductive 
coating 

32 

As indicated in the drawing, the diameter of 
the tube is 5 inches, plus or minus 1/8 of an inch. 

The overall length is 11-3/4 inches, plus or 
minus 3/8 of an inch. 

Conductive Coatings. — There is an external 
conductive coating on the neck of the tube. It 
extends from the bulb toward the base for about 4 

inches. This is indicated on the drawing. The 
purpose of the coating is to prevent corona 
(arcing) between the neck of the tube and the de-
flection yoke. The neck also has an internal 
conductive coating, which is at a potential of 

about 29,000 volts. If the external conductive 
coating were not present, there would be a ten-

dency for the high voltage to try to pass current 
through the glass to the yoke. This would tend 

to damage the yoke insulation and cause break-
down of the glass in the neck. The outer con-
ductive coating is grounded, and prevents arcing 

to the yoke by acting as a low resistance path 
to ground for any currents produced by the high 

voltage. Grounding of the external coating may 
be accomplished by using a small ground clamp 

at the base end of the coating, or by a soft brush 
contact, inside of, or attached to, the bottom of 
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the yoke. Unless the outer conductive coating is 
grounded, it may assume the potential of 29,000 
volts, and damage the yoke insulation. The inner 
and outer conductive coatings on the neck also 

serve a secondary function by acting as a built-in 
capacitance, to assist in the proper filtering of 

the high-voltage power supply. 

External Insulating Coating. — As indicated in 
Fig. 14-3, the bulb section of the projection kine-

scope is protected by an external insulating 
coating. This is a moisture-repellent, lacquer 
coating, which prevents condensation of water 
vapor into a conductive film over the surface of 
the glass. The necessity for such an insulating 
coating can be realized when it is seen that the 

high voltage lead connects to a cavity cap, re-
cessed into the bulb. This high voltage (29,000 
volts) connection is only about 3 inches from the 

beginning of the external conductive coating (see 
Fig. 14-3), and any slight conductive moisture 
film accumulating between the cavity cap and the 
outer conductive coating would cause severe 
arcing The insulating coating does not prevent 

moisture from condensing, but permits it to run 
off, or causes it to collect in rather large 
globules, which are individually insulated, and 

therefore do not form a conducting path. The bulb 
insulating coating should not be touched, as 
fingerprints may reduce its insulating properties. 

If the coating has been handled, it may be cleaned 
with a soft cloth moistened with "dry" carbon 

tetrachloride, obtainable at most drug stores. You 
must take great care not to scratch the coating 
or wash it with any liquid which is a solvent for 

paints or lacquers, as this may render the tube 
inoperative. 

Kinescope Face. —.The face of the kinescope 

differs from the conventional tube face. It is not 
just a piece of plain glass, but is actually an 

optically ground lens. This face lens is neces-
sary to prevent a type of optical distortion known 

as field curvature. The inner surface of the face 
is coated with a phosphor that produces white 
light when bombarded by the electron scanning 
beam. This coating is unusual in that it has a 
metallic backing of aluminum. The aluminum 

backing is formed by evaporating an extremely 
thin film of aluminum upon the phosphor. The 

film is so thin that it will readily pass electrons 
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through to the phosphor, and thus produce the 

fluorescence which we see as light. Use of the 
aluminum backing provides three major advan-
tages over the non-aluminized type of kinescope. 
The aluminized screen: ( 1) provides more useful 

light output or a given set of tube operating condi-
tions; (2) eliminates ion spot discoloration; ( 3) 
improves the contrast (ratio between lightest and 
darkest parts of the picture). 

Let us discuss each of these points separately. 

Internal Loss of Light. — In conventional kine-
scopes, a great deal of the light is wasted. About 

50% of the generated light is emitted back toward 

the rear of the tube. Another possible 25% is lost 

by internal reflection in the glass of the kine-
scope tube face. Thus in the conventional tube, 

only about 25% of the total generated light is 
emitted in the forward direction, to constitute the 

useful light output of the tube. These effects are 
shown here: 

252 of light is 
lost here 

only 252 of 

light is left N 

here 

/ 

glass face 

luminescent 
material 

Fig. 14-4 (a) 

502 of light 

is lost here 

The lines marked AB, AC, and AD show how 
light may be emitted to the rear. The line marked 

AEF shows how light may be lost by internal re-
flection in the glass of the tube face. Lines AG, 

AH, and AI represent light being emitted in the 
forward, desired direction. As we said, in con-

ventional tubes this is only about 25 percent of 
the total generated light. This is tolerable in 

the conventional tube, but not in a projection tube 
requiring a high intensity picture. 

The effects of the metal backing on light dis-
tribution are shown in Fig. 14-4 ( b) 

We can see from the drawing that practically 

no light at all is now emitted to the rear. The 
light that was previously emitted to the rear is 
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now reflected by the aluminized backing, and 
adds to the light emitted in the forward direction. 

The lines marked AB, AC, and AD, which repre-
sented light emitted to the rear, now add to the 
light, represented by the lines AG, AH, and AI. 

It is apparent that the amount of forward-directed 
light now available is considerably greater than 

that which could be obtained from a conventional 
kinescope. 

25* of light is 

lost here 

about 75Z of 

light is left 

here 

luminescent 

material 

aluminum reflecting 

backing 

gloss face no light lost here 

Fig. 14-4 ( 6) 

Ion Spot. — In Lesson 2 we said that the elec-
tron gun produces negatively charged ions in 
addition to electrons. These ions are much 

heavier than electrous and may damage the fluo-
rescent coating if something is not done to pre-
vent them from striking the screen. When a metal 
backing is used, it may be so designed that it 
completely blocks ions and yet passes the elec-

trons readily. This prevents the formation of the 
brown ion spot without requiring an ion trap and 
magnet, such as is used in conventional kine-

scopes. It thus simplifies both the construction 
and the adjustment of the kinescope. Further, if 
the aluminized screen were not used, it would be 

much harder to make an effective ion trap, due to 
the much higher velocities of both electrons and 

ions in the projection tube. 

Contrast. — The lack of a metal backing 

causes a waste of light, as we just explained. 
However, it should be realized that some of this 

wasted light is actually harmful to the picture. 
This is due to the fact that some of the wasted 

light is scattered back onto the screen, including 
those parts of it that should be dark. This pro-
duces a minimum level of illumination which 
limits the possible contrast of the picture. It is 
obvious that the contrast (ratio between the 

lightest and darkest parts of the picture) will be 

reduced if you start with a screen that is partially 
lit from this undesired illumination. 

There are several ways in which the scattered 
light may return to the screen. One is by reflec-
tion from the inside walls of the tube. Although 

these walls are blackened, they do return a little 
light to the screen. Another is the light from one 

portion of the screen which can illuminate other 

portions directly, due to the curvature of the face. 
Still another way for the scattered light to return 

to the screen is by internal reflection in the glass 
of the kinescope tube face. This effect is known 

as " halation". The metallized backing improves 

contrast by preventing scattered light due to re-

flections from the inside walls of the tube and 

the curvature of the face from reaching the screen. 
There is not too much that can be done about 

halation, and the extraneous illumination due to 

this cause is only slightly improved in the metal-

ized tube. 

Deflection and Focus. — In Lesson 2 we 

learned that in a direct view kinescope, the de-
flection and focusing of the electron beam was 
brought about by magnetic fields. Deflection in 
the projection kinescope is accomplished in the 

same way as in a conventional kinescope — that 
is, by the action of varying currents flowing in 
the deflection yoke. However, in the 5TP4 pro-

jection kinescope, focusing is accomplished by 

the action of an electric field rather than a 
magnetic field. This is known as electrostatic 

focusing. There is no focusing coil or other 
external mechanical device used in electrostatic 

focusing. The elements which produce this type 
of focusing are built-in as an integral part of the 

electron gun. Due to the shape of the focusing 

elements and the potentials applied to them, an 

electrostatic field is produced, which acts on the 

electron stream to bring it into focus at the kine-
scope face. 

Brightness. — The electron beam in any kine-
scope must be accelerated to very high velocities 
in order to produce sufficient brightness in the 

picture. In conventional receivers, an accelerating 
potential in the order of 9,000-14,000 volts is 
commonly used. While this will produce suffi-
cient brightness for direct viewing, it is not 
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enough for a projection kinescope. For one thing, 
there is a considerable loss of light just going 

through the optical system. This is due to its 
low light efficiency, which is in the order of 30 

percent. If only 30 percent of the original light 
is available to the viewer, we must start out with 

a very intense light at the kinescope to compen-
sate for the losses. 

Also, as we indicated earlier, a controlling 
factor is the magnification of the picture. The 
picture reproduced directly on the 5TP4 is rough-
ly 3 inches high by 4 inches wide. This repre-
sents an area of 12 square inches over which the 
total light is distributed. Let us say that in 1 
square inch of area the light will have a bright-
ness of 100 units. After the picture has been 

magnified, its dimensions will be 15 by 20 inches. 

The area now has increased from 12 square 
inches to 300 square inches or an increase of 25 
times. If the original brightness was 100 units 

per square inch with the 3 x 4 inch picture it will 
now have decreased in proportion to the increase 

of area or to 1/25 of the original value which is 
only 4 units. 

From the foregoing, we can see that to obtain 

sufficient brightness in the viewed picture, we 
must make allowances for both the low efficiency 
and the magnification of the optical system. Thus 

we must begin at the kinescope with a brightness 
many times greater than that which is desired in 

the viewed picture. 

High Voltage. — In order to produce the de-

sired brightness at the face of the projection 

kinescope, it is necessary that the electron beam 
velocity be considerably greater than in conven-
tional kinescopes. This requires a greater ac-
celerating potential than usual (almost 3 times 
as much). This very high accelerating potential 
is produced by the high voltage power supply 
which has an output of about 29,000 volts. This 
is an awful lot of volts and should be given at 

least as much respect as a wounded tiger. The 

high voltage supply is basically the same as that 
used in conventional receivers, with the ex-

ception that it incorporates a circuit known as a 
voltage tripler. As in conventional receivers, the 

flyback pulse available for the high voltage 
supply is about 10,500 volts. In the projection 
receiver, this pulse is applied to a voltage tripler 
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circuit, where it is increased to about three times 
its value. This would lead us to believe that the 
output voltage should be 31,500 volts. However, 
there are voltage drops in the tripler and filtering 

system, and these reduce the output to about 
29,000 volts. The high voltage supply is so 
designed that it is incapable of supplying any 

appreciable amount of current. This does not de-
tract from its effectiveness in the receiver, and 

gives it the very important advantage of being 

safer to handle than a supply capable of providing 

considerable current. If you happen to touch the 

high voltage, the chances are rather good that you 
won't get killed, but you can receive a very 
severe shock. Don't press your luck, though. 
Make sure the set is off, and discharge all high-
voltage condensers before touching anything. 
The procedure for discharging the high voltage 
condènsers will be explained later in the lesson. 

THE SPHERICAL MIRROR 

14-3. The first element of the optical system 
to receive the light from the projection kinescope 
is the spherical mirror. It can be seen in Fig. 

14-5, and is known as the concave type. The 
word "concave" merely indicates that the mirror 
is curved inward. (If it were curved outward, it 
would be called convex.) The term " spherical" 

indicates that the mirror is a section of the outer 
portion of a sphere, or round ball. That is to say, 

if we extended the mirror, using the same curva-
ture, it would form a ball or sphere. The concave 
spherical mirror is used in projection television 

for several important reasons. It is very efficient 
in gathering and reflecting the light emitted from 

the kinescope, and it has the property of magnifi-
cation. It is because of the latter property that 
we are able to produce enlarged pictures in a 

projection television receiver. The spherical 
mirror is easier to make, compared to other 

shapes that might require no correction. 

Physical Characteristics. — Two views of a 
typical spherical mirror for projection receivers 

are shown in Fig. 14-5. 

We can see that the spherical mirror has a 

diameter of 12 inches and is curved inward. It 
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has an aluminized front surface coating on a 

Pyrex base. A rear surfaced mirror would not be 

suitable here, for two major reasons. First, the 
light would have to pass through the thickness of 
the glass to reach the reflecting surface and then 

pass through it again on the way out. Some of 
the light would be trapped within the glass, thus 

reducing the efficiency of the mirror. Secondly, 
a certain amount of bending of the light rays 
(called refraction) takes place during the travel 
through the glass, and this causes some dis-

tortion of the picture. The use of front surfacing 
eliminates these two disadvantages, but intro-
duces another one. Because the surfacing is on 

the front of the mirror, it is completely exposed to 
any and all possible forms of abuse. Therefore, 
great care must be taken in the handling and 

cleaning of the mirror, to prevent damage to its 

surface, which would reduce its efficiency. 

top view 

side view 

Fig. 14-5 

As you can see in the drawings, the center 
portion of the spherical mirror is blacked out. 

The black portion has a diameter of 5 inches. 

This blacking out of the center section is neces-
sary to prevent light from being reflected back to 

the kinescope face. If this should occur, parts 
of the television picture on the kinescope which 
should be black, or dark, would be illuminated. 

This effect will be retransmitted to the spherical 
mirror, and will result in a reduction of picture 

contrast. 

Handling and Cleaning. — The front surface of 

the spherical mirror is very delicate, and should 
be treated very gently. Do not handle or come in 

contact with the mirror surface without good 
reason. If there is only one speck of dust on the 
surface, leave it there. However, if a reasonable 
amount of dust has accumulated on the mirror sur-
face, it may be removed by the following pro-
cedure. Sweep the dust into the black center 

portion of the mirror with a small, soft camel's 
hair brush. You can now pick up the dust with a 
piece of scotch tape or other adhesive material 
(friction tape, masking tape, etc.). After cleaning, 

the dust cover should be tied securely in place 
to prevent further accumulation of dust and dirt. 

Distortion. — While the spherical concave 

mirror is ideal for use in the projection type sys-
tem, it is not a perfect device. In television, a 
relatively deep mirror must be used because of 
its superior light gathering properties, and be-
cause it permits the use of a compact system. 

However, the deep-dish type of mirror produces 
an undesirable blurring of the picture which must 

be corrected. This type of distortion is called 
by the fancy name of spherical abberation. An 
additional lens, known as the corrector lens, is 

employed to counteract the blurring, and bring the 

picture back into focus. 

THE CORRECTOR LENS 

14-4. Because of the picture distortion 

(spherical aberration) which is inherent when 
using a deep-dish spherical mirror, it is necessary 

to provide some means of neutralizing or counter-
acting this distortion ( blurring). This is accom-
plished by the use of a corrector lens. The 

corrector lens neutralizes the distortion by pro-
ducing its own distortion which is equal to that 
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produced by the spherical mirror, but opposite in 
its effect. Thus, when both types of distortion are 
added, they cancel each other, and this results in 
a clear, in-focus picture on the screen. 

Physical Characteristics. — Two views of the 
corrector lens are shown here: 

this area is painted 
opaque optical Nock 

top view  

side view 

Fig. 14-6 

From these views we can see that the corrector 
lens has a diameter of 9.45 inches. The center 
section of the lens is cut out to permit the in-
sertion of the kinescope neck and deflection yoke. 

This cut-out has a diameter of 3-5/8 inches. The 
maximum thickness of the lens is about . 24 inch. 
The placement of the lens in the optical system 
can be seen in Fig. 14-1. 

One of the major problems of putting this pro-

jection system into operation was the relatively 

high cost of producing the corrector lens by con-
ventional optical grinding methods. This dis-

advantage was overcome by the development of a 
process for molding ( not grinding) the correcting 
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lens from a plastic. Special machines have been 

developed for producing suitable molds to make 
these plastic lenses. Such lenses can be pro-

duced for a fraction of the cost required to make 
a similar lens by grinding optical glass. The 
material used in molding the corrector lens is the 

plastic which is commonly known by the trade 
names of Lucite and Plexiglas. Some very serious 

problems in molding the plastic lenses had to be 
overcome before suitable lenses could be pro-
duced. The most important of these was the 

construction of metal molding surfaces of the 

proper shape, and the problem of producing optical 
finishes on the metal surfaces. The actual metal 
mold is formed by precision machines and methods 
from a flat disk of hardenable stainless steel. 
The final optical finish of the surface of the mold 
results from the proper choice of the metal, proper 
hardening and tempering, and the correct choice 
of abrasives and polishing agents. Add to these 
a great deal of skill, patience and perserverance, 

and you have the finished metal mold. 

The actual molding process consists of apply-
ing very high pressure to the heated plastic 

material, and then cooling it under pressure until 
it reaches room temperature. After the mold is 
opened, and the lens taken out, the only remain-
ing operation is the drilling of the center hole. 

No polishing or finishing of the lens is required. 
The plastic lenses possess excellent optical 
properties, and have less scattering of light, and 
better transmission of light than glass. However, 
they are relatively soft as compared to glass, 
and must be handled with considerable care. 

Mounting and Adjustment. — The corrector lens 

mounting in a projection receiver can be seen in 

the drawing of Fig. 14-7. 

The lens is placed in a shallow recess at the 
top of the optical barrel. It is held in place by 
the pressure of four spring mounting clips and 

four cams and locking screws. You can see these 
in Fig. 14-7. When the system is first aligned, 
the corrector lens must be adjusted by loosening 

the locking screws, and moving the lens to the 
correct position, in a manner to be described 

later. The locking screws are then tightened 

down, and the corrector lens is held firmly in 
place. 
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CORRECTOR LENS 
MOUNTING CLIPS 

(4 ) 

CORRECTOR LENS 
CENTERING CAMS 
AND LOCK SCREWS 

(4) 
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Fig. 14-7 

Handling and Cleaning. — As we learned, the 
corrector lens is made of a relatively soft plastic 
material. It can be scratched easily or otherwise 

damaged by improper handling. Keep your fingers 
off the surface; handle the lens by the edge. Even 
rubbing it with a cloth may ruin the surface. If 

dust accumulates on the surface, it may be swept 
off with a very soft camel's hair brush. There 

probably will be no occasion to do so, but if the 
lens requires cleaning, this may be done with a 

solution of " Dreft" and water. Do not use clean-

ing fluids or other such untested preparations. 

The chemicals in such solutions may attack and 

ruin the surface of the lens. Handle the lens with 
the proper respect and care you would give any 
piece of precision optical equipment. 

THE PLANE MIRROR 

14-5. After the light passes through the 
corrector lens, it impinges upon the plane mirror. 

The location of the plane mirror in the system is 

shown in Fig. 14-1. This is a front surfaced 

mirror, rectangular in shape. The plane mirror 
must be front surfaced for the same reasons that 

CORRECTOR LENS 

the spherical mirror is — that is, to prevent ab-
sorption of light, and refraction which might 
result in ghosts and distortion of the picture. 

The function of this mirror is to direct the light 

received from the corrector lens onto the rear of 
the directional screen. 

Incorporating a mirror in this system makes it 
possible to achieve a considerable saving in 
cabinet space. For a given magnification of the 

picture, there is a fixed distance from the spheri-
cal mirror to the screen, for each particular sys-

tem design. In the home projection receiver, this 
distance is in the order of 4 feet. By incorpo-

rating a plane mirror, and bending the light, we 
can confine this total distance of 4 feet in a con-

siderably smaller cabinet space by breaking it up 
into two parts. For the first part of its path, the 
light travels upward in the cabinet, to the mirror 
and then goes horizontally onto the viewing 

screen. The effect on the viewed picture is sub-
stantially the same as if the total distance had 

been a straight line. 

The mirror is positioned at an angle of 45 

degrees with respect to the axis of the optical 

barrel, in order to project the light properly on 
the vertical viewing screen. 
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THE DIRECTIONAL SCREEN 

14-6. One of the major problems encountered 
in the projection television system is that of ob-
taining adequate brightness in the picture on the 

viewing screen. This problem is a difficult one 
because the brightness is reduced in proportion to 
the optical enlargement of the picture, and also 
because the efficiency of the optical system is 
low. 

A non-directional projection screen causes the 
light from the picture to be diffused equally in all 

directions. This means that the picture will be 
seen with approximately the same brightness, re-
gardless of the angle from which it is viewed. 

However, viewing the picture from extreme angles 
is undesirable because of the distortion of per-

spective that occurs. The placement of the re-
ceiver in the room, and the arrangement of furni-
ture, also make it unlikely that the picture will 
ever be viewed from such extreme angles. It is 

apparent therefore, that much of the light which 

is sent to such wide angles will be wasted. 

If, instead of wasting this wide-angle light, 

we concentrated it into useful viewing angles, 

the picture brightness could be increased without 
an increase of light output from the kinescope. 
This desirable effect may be accomplished by 
the use of a so-called "directional" viewing 

screen. 

Physical Characteristics. — The directional 
screen is composed of three layers of plastic 
material. The front layer and the rear layer are 

made of molded Plexiglas. They are separated 

by a thin sheet of vinylite, 0.010 inch thick. A 
cross section, showing the construction of the 

screen, looks like this: 

front surface 

rear surface 

vinyl/le 
/ayer 

Fig. 14-8 
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Note that the front and rear layers are not flat, 

but are formed as lenses, the characteristics of 
which we will discuss later. The physical di-

mensions of the screen are such that the exposed 
part of the screen forms a rectangle about 15 

inches high by 20 inches wide. The screen is 
rigidly mounted on the front of the cabinet, and is 
not adjustable in any way. The placement of the 

directional screen can be seen in this photograph 
of the model 9PC41 receiver. 

Fig. 14-9 

The entire screen is produced in a single 
operation. The vinylite sheet is placed between 

the two layers of Plexiglass, and formed in a 
heated press, by methods already described for 

the corrector lens. 

Viewing Angles. — By confining the viewing 

angles to certain limits, it is possible to increase 

the brightness of the picture. The directional 

screen used in projection receivers usually pro-
vides a horizontal viewing angle of approximately 
plus and minus 25 degrees, as measured from a per-

pendicular through the center of the screen, as 
shown in Fig. 14-10 

As long as the viewer remains substantially 

within these angles, he will see a satisfactory 
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picture. However, as he moves outside of these 

angles, the brightness begins to drop off rapidly. 
This effect may restrict the seating arrangement 

of the viewers, but is usually of no great conse-

quence. 

front 

HORIZONTAL VIEWING ANGLE 

Fig. 14-10 

The vertical viewing angles of this screen are 
approximately plus and minus 10 degrees as 

measured from a perpendicular through the center 
of the screen, like this: 

10° 
/0° 

VERTICAL VIEWING ANGLE 

Fig. 14-11 

front 

The vertical angles of viewing do not place 

much of a restriction upon the observer since 
these are more or less normal viewing angles 

anyway. The vertical directional effects will 
generally not be noticeable unless you are in the 
habit of viewing television while lying flat on the 

floor, or being suspended from the ceiling. 

Screen Lenses. — We mentioned before that 
the front and rear plastic layers of the screen 
were lenses. These lenses actually produce the 

directional effects of the viewing screen. The 

rear surface of the screen has a so-called Fresnel 

lens moulded into it. This is shown here: 

REAR SURFACE «FRESNEL* FIELD LENS. 

Fig. 14-12 

Fresnel lenses are used in lighthouses and 
beacon lights, to concentrate the light into a 
narrow beam. It performs basically the same 
function for the television screen by concentrating 
the light into narrow viewing angles. The pattern 

of light produced by the Fresnel lens is circular 
in effect, and does not have sufficient horizontal 
directivity to permit viewing the picture from 

normal horizontal viewing angles. In order to 
extend the horizontal viewing angles, the front 

surface of the screen has a large number of verti-
cal cylindrical lenses moulded into it. There are 

100 of these cylindrical lenses per inch. A front 
view of the screen, with the lenses exaggerated, 

would look like this: 

FRONT SURFACE VERTICAL RIBS 

Fig. 14-13 

The actual effect of the vertical lenses upon 
a light beam is shown here: 
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PHOTOGRAPHIC 
FILM 

Fig. 14-14 ( a) 

CONVENTIONAL DIRECTIONAL 
REFLECTION SCREEN 

LIGHT 
\BE AM 

In Fig. 14-14 ( a) we can see the effect upon 

the light of the Fresnel lens alone The resultant 
light pattern is circular, and is too narrow for 

practical horizontal viewing. When the vertical 

lenses are added, the effect is as shown in 

Fig. 14-14 (b). Note that the horizontal di-

rectivity has been appreciably widened, without 

any particular change in vertical directivity. 

The vinylite sheet between the two screen 

layers serves to make unnoticeable an optical 

interference pattern, or moire effect, that would 

normally exist, due to the combining of the 

Fresnel and cylindrical lenses. 

Brightness Gain. — Due to its directional pro-

perties, the screen described here has a gain in 

brightness over a non-directional screen of ap-

proximately 7.5. This brightness gain is sub-

stantially uniform over the entire surface of the 

screen. This is considerably better than the 

gain that can be obtained with ether types of di-

PHOTOGRAPHIC 
FILM 

Fig. 14-14 ( b) 

VERTICALLY RIBBED 
REFLECTION SCREEN 

LIGHT 
BE AM 

rective screens, such as can be made of ground-

glass, leaded screens, impregnated-fabric, and 

other similar types. The brightness gain of such 

screens operating under similar conditions could 

not exceed 3.5. 

Room Light. — Another advantage of the three 

layer directional screen is the fact that light in 

the room which falls on the screen will not be re-

flected back to the viewer's eye under certain 

conditions. These conditions are: ( 1) That the 

observer is located within the normal viewing 

angles; and (2) That the source (or sources) of 

the room light lies outside of the normal viewing 

angles. If these conditions are met, the screen 

will appear dark in relation to the room lighting. 

This permits the use of more room lighting than 

with conventional screens and allows more com-

fortable viewing for the observer. 

Handling and Cleaning. — Pie plastic material 

of the front and rear layers of the viewing screen 
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is extremely stable and is unaffected by moisture, 

sunlight, fingermarks or furniture polish. If clean-

ing is required, this should be done with a solu-

tion of " Dreft" and water. Do not use any 
chemical cleaning solutions as these may damage 

the plastic surface. 

THE OPTICAL BARREL 

14-7. The optical barrel is a heavy metal 

container in which the spherical mirror, corrector 
lens, kinescope holder and kinescope are mounted. 

One of the reasons for constructing the barrel of 
thick metal, is to prevent the passage of X-rays, 

developed as a by-product of the high accelerating 
potential (30,000 volts). The barrel has pro-

visions for making various adjustments of optical 

focus, centering and also of the tilt of the optical 
barrel. There are two variations of the optical 
barrel, differing mainly in the means of adjust-

ment, which will be described here. Basically, 
both serve the same purpose. One type of barrel 

uses a chain drive adjustment for focusing, 
while the other type uses a simple screw ad-

justment. 

Optical Barrel With Screw Adjustment. — A 
sketch of this type of optical barrel for a pro-
jection receiver is shown here: 

CORRECTOR LENS 
MOUNTING CLI PS 

OPTICAL FOCUS  
ADJUSTMENT 

OPTICAL FOCUS 
ADJUSTMENT 
LOCK SCREWS 

OPTICAL BARREL 

VERTICAL TILT 

ADJUSTMENT 
LOCK NUT 

OPTICAL BARREL 
VERTICAL TILT  

JACK NUT 

OPTICAL BARREL 
HORIZONTAL TILT 

JACK NUTS 

Fig. 14-15 

This drawing shows how the corrector lens is 

mounted into the top of the barrel and held by the 

mounting clips ( or spring fingers). Also indicated 
are all the various mechanical adjustments. We 
shall give a brief description of these adjustments 
now and later on see how they are made in actual 

practice. It is important to remember that the 
optical system has been properly adjusted at the 
factory, and in general no radical adjustment 

changes are required. In general only minor 
touch-up adjustments are necessary. Let us first 

see the kinescope adjustments. 

I. Optical focus adjustment. This is situated 
at the top of the focusing plate assembly and 
moves the assembly, and the kinescope, vertical-
ly for optical focus. As you can see in the draw-

ing, this adjustment is of the screw type. The 
head of the screw is supported by a bracket 
rigidly mounted to the body of the optical barrel. 

The threaded portion of the screw engages a 

threaded bracket on the kinescope adjustment 

assembly. Therefore, rotating the optical focus 
adjustment screw will cause the kinescope to 

move up or down vertically within the limits fixed 
by the vertical slots. As you can see in the 
drawing, there are two of these vertical slots. 
Each one is fitted with a lock screw so that when 
the correct optical focus has been found, the 
assembly can be locked in position. 

  CORRECTOR LENS 
CENTERING ADJUSTMENT 

LOCK SCREWS 

LATERAL 
CENTERING ADJUSTMENT 

LOCK SCREWS 

LATERAL 
CENTERING ADJUSTMENT 

FOCUSING 

PLATE ASSEMBLY 

HORIZONTAL OPTICAL 
CENTERING ADJUSTMENT 

HORIZONTAL OPTICAL 
CENTERING ADJUSTMENT 

LOCK SCREWS 
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2. Horizontal optical centering adjustment. 

This adjustment is located at the right center 

portion of the focusing plate assembly and per-
mits the kinescope to be moved from right to left 

horizontally. As shown in Fig. 14-15, this ad-
justment is also of the screw type (similar to 
optical focus). Rotating the screw will cause 
horizontal (right to left) movement of the kine-
scope within the limits of the horizontal slots. 

There are three of these, and each one is fitted 
with a locking screw to lock the assembly hori-
zontally after the corrector position has been 
found. 

3. Lateral optical centering adjustment. This 
adjustment is located at the center of the focus-

ing plate assembly and permits the kinescope to 
be moved laterally. This is actually a horizontal 
movement but is at right angles to the regular 

horizontal motion. In other words, as we are 
facing the optical barrel in the drawing, the kine-
scope, which is mounted vertically, will move to-

ward you or away from you. The actual adjustment 
is accomplished by a heavy threaded bolt and nut 

assembly. When the nut is iotated, the threaded 
bolt, fastened to the kinescope holder, moves the 

kinescope laterally. Two locking screws are 

provided, to hold the nut in correct position. 

4. Optical barrel tilt adjustments. These ad-
justments are located at the bottom of the optical 

barrel and permit the barrel to be leveled hori-
zontally and tilted vertically. There are two ad-

justments for horizontal setting and one for 
vertical. These adjustments actually constitute 

the mounting for the optical barrel. As you can 
see in the drawing, three brackets are provided 
around the bottom edge of the optical barrel. The 

barrel proper rests upon three large round jack 
nuts screwed onto a bolt which fits through each 
one of the three brackets. By rotating any jack 
nut, it is possible to raise or lower any corner of 
the optical barrel. The jack nuts on either side 

of the barrel are used to level it horizontally, 
while the jack nut in front of the barrel is used to 
provide proper vertical tilt, which is about 7 de-

grees. Lock nuts and lock washers are provided 
for all three adjustments to fasten the barrel se-

curely in place after the correct adjustments have 
been made. 

Kinescope Holder. — The kinescope proper is 
supported by the kinescope holder. A top view 

of the holder with the kinescope inserted is 
shown here: 

KINESCOPE 

KINESCOPE 
CENTERING 
SCREWS 

FASTENS TO 
FOCUSING PLATE 

ASSEMBLY 

KINESCOPE 
BASE 

KINESCOPE 
ANODE CLIP 

Fig. 14-16 

The holder is so supported that it may be 
moved vertically, horizontally, and laterally during 
the optical adjustments. Note the three kine-

scope centering thumb screws which hold the bulb 
of the kinescope in place and permit it to be 
correctly centered. 

Optical Barrel With Chain Drive Adjustment. — 

This barrel has a different mechanism by which 
the optical focus and centering adjustments are 

made. However, the same type of adjustments 
can be made as in the case of the other optical 
barrel. Let us first examine the kinescope holder. 
A top and side view are shown here: 

KINESCOPE 

ANODE 
CLIP 

KINESCOPE 

Fig. 14-17 ( a) 

KINESCOPE 
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CENTERING 
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focus screws 

kinescope centering 
thumb screws 

Fig. 14-17 ( b) 

The kinescope holder is mounted to the optical 
barrel by means of three long threaded stationary 

bolts. These can be seen in the side view (Fig. 

14-17b). The three threaded bolts protrude 

through the top of the optical barrel and are held 
by three threaded sprocket wheels (focus sprock-

ets). The three focus sprockets are made to turn 

simultaneously by means of a connecting drive 
chain. The arrangement looks like this: 

CORRECTOR LENS 
MOUNTING CLIPS 

(4) ------....„ 

CORRECTOR LENS 

CORRECTOR LENS 
CENTERING CAMS 
AND LOCK SCREWS 

(a) 

OPTICAL BARREL 
VERTICAL TILT  
JACK AND LOCK 
NUT IN BACK 

(I) 

OPTICAL BARREL 
HORIZONTAL TILT 

ADJUSTMENT LOCK NUT 
(2) 

OPTICAL BARREL HORIZONTAL TILT 
JACK NUT 

(2) 

An idler sprocket is employed to take up the 

slack in the drive chain so that no slippage 
occurs. These elements may also be seen in 
Fig. 14-18. Rotating the focus sprockets one way 

or the other causes vertical movement of the kine-
scope holder (and kinescope) and thus accom-

plishes optical focusing. 

For horizontal and lateral centering, the entire 

mounting plate, which holds the sprockets, may 
be shifted around by first loosening the six focus 

sprocket support mounting screws shown in the 
Fig. 14-18. We will describe the adjustment pro-

cedure in the next section. 

INSTA L LAT/ON PROCEDURE 

14-8. The installation procedure described 
here is for the RCA model 9PC41, as a typical 
projection receiver. However, this is basically the 
same for other models. Irian cases, make sure that 

you read the service data booklet for each indivi-
dual model before unpacking or assembling the re-

ceiver. Certain components of the receiver are 
easily damaged and must be haadled properly. 

FOCUS ADJUSTMENT 
LOCK SCREW 
IDLER SPROCKET 

IDLER SPROCKET 
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(a) 
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FOCUS SPROCKET 
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(G) 

USED FOR HORIZONTAL 
AND LATERAL OPTICAL 
CENTERING ADJUSTMENT 

FOCUS SCREW 
EXTENSION 

Fig. 14-18 
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Don't be in too big a hurry to tear open the crate! 
Read your instructions first! 

Unpacking and Assembly. — As a rule the 

receiver is shipped complete in one carton. 
All tubes are mounted in their sockets with 

the exception of the 5TP4 kinescope. The 
kinescope is packed in a special carton and is 
shipped separately. 

The shipping carton for the receiver consists 

of a plywood box fastened together with nails. 
The box must be opened by removing the front 

side. Be very careful in prying this side loose 
that you do not permit the prying tool to enter the 
box, as the front of the cabinet may be seriously 
damaged in so doing. Once the front side of the 
box has been carefully removed, the cabinet may 

be slipped out, taking care not to scratch it. You 
don't have to worry about sliding the cabinet on 
its bottom, as there is a flat wooden skid attached 

to it for this purpose. This skid should be left 
on the cabinet until it has been set in its per-
manent position. When this has been done, the 
skid should be removed. This may be done very 
easily by removing the two nuts shown in this 
figure: 

or, ,nrst TWO NUTS INS ,OF CAI., TO FICe•OVE 
CAS.Ci r.OM 

Fig. 14-19 

When the nuts have been removed, lift the 
cabinet off the skid. The set is very heavy and 
at least two men should be used to lift it. As 

shown in Fig. 14-19, there is some protective 

shipping material that must be removed before 
the set can be placed in operation. Remove the 

cardboard shields from the tubes and the card-

boards from underneath the spherical mirror. Make 
sure that all tubes are firmly seated in their 

sockets. An envelope will be found fastened to 

the inside of the cabinet above the horizontal 
deflection chassis. This contains the knobs and 
should be removed and set aside. The deflection 

yoke is found in a carton taped to the horizontal 
deflection chassis shelf support member. This 

should be removed and set aside. A small carton 
containing the remote brightness and contrast 
controls will be found fastened to the cabinet. 

This should be taken out. Untie the dust cover, 
and tie it to the side out of the way. You are now 
ready to set up the receiver. 

The first thing to do is to remove the speaker 

grill. This is done by taking out four Phillips 
head screws from the front four corners of the 

grill. Disconnect the speaker cable from the 
speaker, and set the grill to one side. Remove 
the corrector lens from the top of the optical 

barrel, observing the necessary precautions pre-

viously described. This is done by loosening the 
four screws holding the corrector lens mounting 

olips as shown in Fig. 14-18. Do not loosen any 

of the screws that hold the corrector lens center-
ing cams or plate. 

Caution. — Before proceeding further, make 
sure that the high-voltage filter condensers are 

discharged. Do not assume that someone else 

has taken care of this. Check it yourself and do 
it every time you come in contact with a receiver 
that has been operated, even if it hasn't been on 

for weeks. The filter condensers may be dis-

charged by the following procedure. Take a clip 
lead, and fasten the clip securely to the optical 
barrel. Make sure a good electrical contact is 
made then take the free end of the lead and touch 
it several times to any metal surface of the kine-

scope holder. Continue to make repeated contacts 

until no visible sparking occurs. Then hold the 

lead on the kinescope holder for a few seconds. 
The equipment is now safe to work on until the 
next time it is turned on. Incidentally, make sure 

the set is not plugged in while you are worl.ing 
on it, so you don't get any unpleasant surprises. 
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A kinescope which is removed from an undis-
charged circuit may cause a shock if the high-

voltage cap is touched a long time later. Another 

point to remember is that, if the high-voltage 
circuit is not grounded for a sufficiently long 

time, a charge may reappear in sufficient force to 
cause an uncomfortable shock. 

The directional screen, plane mirror and 
spherical mirror should now be cleaned, following 

the procedures already given. 

Checking the Optical System. — It is now 

necessary to check the optical system for focus 

and alignment. This is best accomplished by the 
use of the test lamp shown here: 

lamp is accomplished by a standard 25 to 40 watt 
electric light bulb. By observing the permanent 

test pattern it is possible to check the perform-
ance of the optical system. Let's take a look at 

the normal test pattern shown in Fig. 14-21, and 
the four pictures of incorrect test lamp patterns 

in Fig. 14-22, in order to see how they can be 

used in setting up the optical system of the pro-

jection receiver. These should be studied as 
they will help you in the actual alignment pro-

cedure. 

The test lamp should be placed in the kine-

scope holder face down, and centered by adjust-

ing the kinescope centering screws. The kine-

scope holder is shown in Figures 14-17(a) and ( b). 

111111111i! eam 
Fig. 14-20 

This lamp is designed to replace the kine-

scope during alignment and has a permanent test 

pattern on the tube face. Illumination of the test 

Fig. 14-21 Normal test pattern 

In Figure 14-17(a) we are looking down into 
the optical barrel, and the base of the kinescope 
or test lamp is at the top. The test lamp cord 

should be plugged into a 110 volt outlet and the 
lamp turned on. Replace the corrector lens and 
rotate the test lamp until the test pattern is right 

side up and square on the screen. The center 
hole in the corrector lens should now be covered 

with a piece of black cardboard or heavy black 

cloth. This prevents light from going directly 

through the hole. If this occured, it would result 
in a decrease of resolution (fine detail) of the 

pattern on the screen. 

Loosen the optical focus adjustment lock 
screw as shown in Fig. 14-18, and adjust the 
optical focus for the best overall definition on 

the screen. The best definition occurs when the 
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(a) Correct alignment. Picture out of focus showing 
parallel double lines. 

OPOM/1/1 <111.WAL 

i4+ 
(c) Vertical double lines not parallel due to incorrect 

lateral alignment of optical barrel. 
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(b) Horizontal double lines not parallel, showing in-
correct horizontal alignment. 

(d) Distorted halo around centra: dot due to mis-
alignment of corrector lens. 

Fig. 14-22 

wedges on the test pattern are most clearly de-
fined. If the optical system is properly aligned, 

you should see at least 900 line resolution over 
the entire screen. In other words, the portions of 

the wedges representing 900 line resolution should 
stand out clearly and show the individual wedge 

lines. If you cannot obtain 900 line resolution, it 
will be necessary to align the optical barrel. 
This may be accomplished with the use of the 
test lamp by the following procedure. 

1. Turn the optical focus adjustment until the verti-
cal and horizontal lines become double. If the 
double lines are parallel, the test lamp is properly 
centered. If not, horizontal or lateral centering is 
required. 

2. Horizontal centering. Loosen the six focus 
sprocket support mounting screws, and the two 
idler sprocket support mounting screws as shown 
in Fig. 14-18. If the horizontal lines are not 
parallel, the sprockets should be slid sideways in 
either direction until the lines are parallel. 

3. Vertical centering. If the vertical lines on the 
test pattern are not parallel, the sprockets should 
be slid straight forward or backward until the lines 
are parallel. 

4. When this has been done, the six sprocket support 
mounting screws should be tightened. Be sure the 
sprockets do not shift during the tightening. 

5. The three focus screw extensions (Fig. 14-18) 
should all be of equal height. If this is not the 
case, remove the drive chain temporarily and re-
adjust the extensions until they are exactly equal. 
You can check this with a ruler or by counting the 
visible threads on the extensions. 

6. See that the drive chain is properly in place on all 
four sprockets, and then slide the idler sprocket 
back to take up the slack of the chain. When the 
chain is pulled up tight, tighten the two idler 
sprocket support mounting screws. 

7. Corrector lens centering. There is a small dot in 
the center of the test lamp. Turn the focus adjust-
ment until a " halo" appears around the dot. This 
effect is similar to the ring around the moon seen 
on some nights. The halo should be symmetrical 
around the dot. If it is not, loosen the four corrector 
lens centering cam lock screws (Fig. 14-18) and 
slide the corrector lens around until the halo is 
symmetrical. When you have done this, bring the 
cams up firmly against the edge of the lens and 
tighten the four lock screws. Be careful not to 
move the lens while doing this. 

8. Check of optical barrel tilt. Adjust the optical 
focus control to beyond the focus range and ob-
serve how the picture goes in and out of focus. All 
parts of the picture should go through focus at the 
same time (although not necessarily with the same 
resolution). If this is not the case the optical 
barrel does not have the proper alignment. 

9. A:ignment of optical barrel horizontal tilt. Turn 
the opt ica l focus adjustment counterc lockwise 
until the picture goes out of focus completely. Now 
turn it back clockwise and watch carefully as the 
picture starts to come into focus. If one side 
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comes into focus before the rest of the picture, the 
barrel is out of horizontal alignment. Loosen the 
two horizontal tilt adjustment lock nuts, as shown 
in Fie. 14-18. The side which comes into focus 
first is too low and must be raised. At the same 
time, the opposite side is too high and must be 
lowered. Turn the horizontal tilt jack nuts to raise 
the one side and lower the other side, until both 
sides come into focus simultaneously. 

10. Alignment of optical barrel vertical tilt. Observe 
the top and bottom as the picture comes into focus 
by turning the optical adjustment clockwise. If the 
top comes into focus before the bottom it means 
that the part of the barrel nearest the front of the 
cabinet is too low. It can be raised by first 
loosening the vertical tilt locknut ( Fig. 14-18) and 
then raising the front of the barrel by turning the 
vertical tilt jack nut until the top and bottom come 
into focus simultaneously. Obviously, if the bottom 
comes into focus first, the front of the barrel must 
be lowered. 

11. When the proper barrel tilt has been obtained, the 
entire picture should come into focus at the same 
time. When this occurs, tighten down on all three 
lock nuts, being careful not to disturb the adjust-
ments. 

12. You should now go back and check the horizontal 
and lateral optical adjustments. If necessary re-
adjust as previously described. 

When all adjustments have been made correctly, 

remove the corrector lens, unplug the lamp and 

remove it by loosening the kinescope centering 

screws equally and just enough to permit its re-

moval. We are now ready to install the kinescope. 

Installation of Kinescope. — The kinescope is 
shipped in a separate carton and must be handled 

with the utmost care. Do not open the shipping 

carton or handle the kinescope unless you are 
wearing safety glasses. Keep other people away 
while installing the kinescope. The carton should 
be saved for possible future use. 

Open the shipping carton at the correct end, 

as marked. Handle the tube only by the neck. The 
reasons for this have already been discussed. 

The high voltage connection must be made to 
the recessed cavity cap in the kinescope. A small 

brass clip will be found in the carton containing 
the deflection yoke, and is used for this purpose. 

This anode clip must be installed horizontally as 

shown in Fig. 14-17(a), so that it will not pro-
trude out of the kinescope holder. The kinescope 

tube is installed face down and positioned so that 
the socket key points toward the television 

chassis. Tighten the three kinescope centering 

screws equally to center the tube in its support. 
Do not apply much pressure as you may crack the 

tube. Try to maintain exactly the same centering 
as the test lamp. 

You are now ready to replace the corrector 
lens. Wipe it clean with a piece of lens tissue 
and when you replace it, make sure that the arrow 

on the lens points to the rear of the cabinet, and 
that the lens is replaced in the same position as 

determined by the test lamp alignment. Secure 

the lens with the mounting clips and tighten the 
clip screws. 

Remove the deflection yoke from its carton. 

You will find that one end of the center bakelite 

tube is slotted. Hold this end up and slide the 
yoke over the neck of the kinescope. Position 

the yoke so that the leads come out toward the 

rear of the cabinet. You may now connect the 
kinescope socket to the base of the tube. Do not 
apply any extreme pressure while doing this. 

The socket should go on fairly smoothly. Make 
sure the base key is properly lined up and if 

necessary wiggle the socket a bit as you press 

it on. Be certain it is all the way on. 

You will find a cable sleeve in the optical 

barrel dust cover. Slip the yoke cables out 

through this sleeve. The three prong plug on the 

unshielded yoke cable should be plugged into the 

r- f, i-f chassis ( Fig. 14-2). The two prong plug 
on the shielded yoke cable should be plugged into 

the horizontal deflection chassis. A shield braid 
extension will be found protruding from the 
shielded cable. This should be securely grounded 

to the horizontal deflection chassis by means of 

the screw provided for this purpose. 

Caution. — The receiver must not be turned on 
with the deflection yoke cables disconnected. If 

you do this, you may cause the destruction of the 
kinescope screen. 

The cover of the horizontal deflection chassis 
should now be removed. You will find that the 
high voltage filter capacitors are tied into their 
clips with string for shipping purposes. Remove 

the strings and replace the chassis cover. 

You may now replace the speaker grille and 

fasten it in place with the four Phillips head 

screws previously removed. Connect the speaker 
cable to the speaker. 

Check all chassis interconnecting cables care-

fully to make sure that they are plugged in se-
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curely, and in the proper sockets. You can check 

this with the aid of Fig. 14-2. Connect the an-

tenna transmission line to the two terminals at 
the upper left comer in the rear of the cabinet 
and plug in the power cord. Due to differences 
between the test lamp and kinescope, the optical 

focus should be rechecked by the scanning line 
method as described below. 

Scanning Line Method of Optical Alignment. — 

The following procedure for optical alignment may 
be used when a test lamp is not available, or for 

some reason its use is undesirable. The results 
obtained with this method may not be quite as 
good as with the test lamp, but in most cases, 
will be satisfactory. 

In this method, the kinescope must be properly 
mounted in the holder and centered by means of 

the three centering thumb screws. This has al-

ready been described. It is necessary to prevent 
vertical deflection and this may be done most 
conveniently by removal of the vertical sweep 

output tube (6K6-GT) V118. This tube is located 
on the r- f, i-f chassis, and its position on the 

chassis is shown in Fig. 14-26. 

Before turning the receiver on, make sure that 
the brightness and contrast controls are fully 

counter-clockwise. Turn the set on, and give it a 

chance to warm up for a minute or so. Now, 
slowly rotate the brightness control clockwise 
until a dim line appears on the screen. You must 

be very careful at this, as turning the brightness 
up too far may damage the kinescope. What you 

will see on the screen will be a single line 

whose angle will depend upon the position of the 
deflection yoke on the neck of the kinescope. 

Turn the deflection yoke carefully until the 

line is perfectly horizontal on the screen. Rotate 
the optical focus adjustment until you can see 
two distinct lines on the screen. If the optical 

system is in alignment, the two lines should be 
parallel. If they are not, loosen the six focus 
sprocket support mounting screw (as previously 
described) and slide the sprockets to one side or 
the other until the lines are parallel. When this 

has been accomplished, rotate the deflection 
yoke until the two lines are vertical, being care-

ful not to strain the yoke cable. There should be 
enough slack in the wiring to enable you to rotate 

14-21 

the yoke enough without any difficulty. If the 
two vertical lines are not parallel, slide the 
sprocket straight backward or forward until they 
are parallel. Check again to see that the lines 

are parallel when they are horizontal. If they are 
parallel, both horizontally and vertically, the 

alignment is correct. Tighten the six focus 
sprocket support mounting screws, being careful 
not to change the settings. Position the yoke so 

that the lines are exactly horizontal, and tighten 
the yoke clamp. Turn the focus adjustment until 
you get just one horizontal line in focus. Shut 

off the set and replace the vertical sweep output 
tube. Turn the set on again, and follow the regu-
lar picture adjustment procedure as outlined in 

this lesson. 

OPERATION AND ADJUSTMENTS 

14-9. Many of the circuits of the 9PC41 pro-
jection receiver are the same or similar to those 
found in the 630TS type direct-view receiver. 

Therefore, unless there is a difference in adjust-
ment or alignment procedure, such information 

will not be repeated here. We will simply indi-

cate in what previous lesson the procedure may 

be found. 

Fig. 14-23 Front panel controls (9PC41) 
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Preliminary Adjustments. — Turn the power 

switch on, shown in Fig. 14-23. Rotate the 
picture and brightness controls fully counterclock-

wise. Now advance the brightness control (inner 
knob) slowly until a moderate glow appears on 
the screen. Look down into the optical barrel and 

adjust the electrical focusing control until 
the lines of the raster are in sharpest focus. The 

electrical focus control is located on the back of 

the horizontal deflection chassis, as shown here. 
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o 

HORIZONTAL 
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  0I/   

HORIZONTAL  SYNC LINK 
LINEARITY I e 

Fig. 14-24 

Next, adjust the optical focus until the raster 
lines are in sharpest focus on the screen. 

Rotate the deflection yoke gently, around the 
neck of the kinescope until the raster lines are 

perfectly horizontal on the screen. When this has 
been done, tighten down the yoke clamp to hold 

the yoke in position, but don't force it. You have 

now finished the preliminary adjustments. 

Horizontal Alignment. — It will now be neces-

sary to obtain a test pattern to make the following 
adjustments. Horizontal oscillator checking and 

alignment is done in the same way as for the 
630TS receiver. 

Height and Vertical Linearity Adjustments. — 

Adjust the height control until the picture fills 
the screen vertically. The height control is 

labeled R149. It is located on the rear apron of 

the r-f, i-f chassis as shown here: 
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VERTICAL 
CENTERING 

VERTICAL 
LINEARITY 

OPEN Mr =um 

O VIDEO Ct\  
PEAKING 

Fig. 14-25 

The vertical linearity control (Fig. 14-25) 

should now be adjusted until the test pattern is 

symmetrical in the vertical direction. That is to 
say, there should be no crowding or spreading of 
the picture vertically. The height and linearity 

adjustments have some interaction between them 
and you will have to repeat the adjustments 

possibly several times before getting the desired 

results. 

Now adjust the vertical centering control (Fig. 
14-25) until the picture is aligned with the mask. 

If proper centering cannot be obtained, it may be 
necessary to shift the kinescope in the holder. If 

this is done, you will have to check the optical 

adjustments as previously described. 

Width and Horizontal Linearity Adjustments. — 
The horizontal drive control is located on the 
rear apron of the horizontal deflection chassis 

(Fig. 14-24). Turn this control clockwise until 

the picture just begins to crowd at the right side, 
and then back off a little bit to remove the crowd-
ing. Now, adjust the horizontal linearity control 

(Fig. 14-24) until the test pattern is symmetrical 
from left to right. The drive and linearity controls 

have some interaction and you should go over 
these adjustments until the desired results are 

achieved. 

Adjust the width control (Fig. 14-24) until the 
picture just fills the mask on the viewing screen 

horizontally. While you are doing this, keep the 
picture centered with the horizontal centering 

control (Fig. 14-24). If proper horizontal center-
ing cannot be obtained, it may be necessary to 

shift the kinescope in its holder as previously 
described. If this is done be sure to recheck the 
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optical adjustments. 

Focus. — Adjust the electrical and the optical 

focus for the sharpest definition of the vertical 
wedge of the test pattern. 

Caution. — Before proceeding any further, 

check to see that all yoke and optical barrel lock 
screws are tight. 

If everything is tight, pull the dust cover down 

and around the optical barrel and tie it securely 
in place as shown in Fig. 14-19. The cable 
sleeve of the dust cover must be tied very tightly 
around the cables to prevent any dust from enter-
ing through the sleeve. This is very important, 

because if dust should settle on the corrector 
lens, it will greatly reduce the optical efficiency 

of the system. This may result in a dim picture 
with poor definition. Dust is normally attracted 

to the inside of the barrel due to the action of the 
high-voltage present. 
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Check of R-f Oscillator Adjustment. — This 
adjustment is the same as for the 630Th re-
ceiver. 

Antenna Trap Adjustment. — Interference may 
be encountered on certain channels from FM or 

TV broadcasting stations. A so-called antenna 
trap is provided to assist in the reduction of such 

interference. The trap adjustments are on top of 

the r-f tuning unit, and may be seen in the draw-
ing of Fig. 14-26. 

To adjust the trap in the field, the following 
procedure should be used. 

1. Tune in the station on which the interference is 
observed. 

2. Adjust both cores of the trap for minimum interfer-
ence in the picture. Both cores should be kept 
approximately the same during adjustment. 

3. After this has been done, turn one core about 1/2 turn 
from its previous position, and readjust the other 
one for minimum interference. Repeat this procedure 
until the point of minimum interference has been 
found. 
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Video Peaking Switch. — In order to produce a 

possible improvement in picture definition (fine 

detail) a video peaking switch is provided. The 

location of this switch is shown in Fig. 14-25. 
Under normal receiving conditions, the switch 

should be left open. However, reception should 

be checked with the switch closed. If the pic-

tures from the majority of channels look better 

with the switch closed, the switch should be left 
in that position. Otherwise leave the switch open. 

It is possible that when the switch is closed a 
condition known as transients may be produced 

on pictures with high contrast. This condition 

may be observed on the television picture by 

noticing whether there are white outlines just to 
the right of black portions of the picture. If so, 
transients are present, and the video peaking 

switch must be left open. 

Remote Contrast and Brightness Controls. — 
Provisions are made in the 9PC41 receiver for 

brightness and contrast control from a remote 

point. This is provided for convenience so that 

you don't have to drag yourself out of your favorite 
arm chair to make these adjustments. The remote 

unit consists of a box in which the two controls 
are mounted, and a length of cable which runs to 
the receiver. This cable could conceivably run 
under a rug to keep it out of sight. 

At the receiver end, the remote control cable 

plugs into the right side panel of the r- f, i-f 

chassis, after going through the Local-Remote 
switch. The location of the Local-Remote switch 

can be seen in Figs. 14-2 and 14-23, and the point 
of connection to the r- f, i-f chassis can be seen 

in Fig. 14-25. If it is desired to use remote 
operation, set the Local-Remote switch to the 
remote position. The brightness and contrast can 
now be controlled from the remote box after the 

cable connections have been made. 

Ventilation. — This receiver draws 530 watts 

from the power line. ( Most of this shows up as 

heat inside of the cabinet.) This is a lot of watts 

and it is very important to provide proper ventila-

tion to keep the receiver from overheating. Ade-
quate ventilation holes are provided in the bottom 
and rear of the cabinet. These holes must not be 
covered or obstructed in any way that impedes 

the ventilation. The customer should be strongly 

advised on this point. If the receiver is to be 

situated with the back of the cabinet near a wall, 

be sure to leave at least a 2 or 3 inch clearance 
between cabinet and wall. 

CUS TOWER INSTRUCTION 

14-10. When the receiver has been properly 

installed, the customer must be carefully in-

structed in its operation. The following procedure 
of operation is recommended. (See Fig. 14-23). 

1. Raise the lid fully until the screen is in operating 
position. 

2. Turn the POWER switch on and advance the SOUND 
volume control to approximately the mid-position. 
This is done so that sound will be heard as soon 
as the set warms up. 

3. Set the LOCAL REMOTE switch to " LOCAL", 
and the station selector to a channel which is not 
in operation. 

4. Turn the PICTURE control (outer knob) fully 
counter-clockwise so that no picture information 
will show at this time. 

5. Starting with the BRIGHTNESS control fully 
counter-clockwise, rotate it slowly clockwise, 
until a glow of light appears on the screen. Back 
it off just enough to remove the glow. 

6. Turn the STATION SELECTOR Switch to the de-
sired channel. 

7. Adjust the FINE TUNING, control for best sound 
fidelity, and SOUND volume for desired loudness. 

8. Turn the PICTURE control clockwise until a test 
pattern ( or picture) appears on the screen. 

9. Adjust the VERTICAL hold control if necessary, 
by the following procedure. Move the knob until 
the picture is moving slowly downward. Then 
back off slowly until the picture locks vertically. 
Move it a hair more in this direction and you're 
all set. 

10. Adjust the HORIZONTAL hold control if neces-
sary until a picture is obtained. Normally, the 
control will hold its proper setting for a consider-
able time without readjustment. Some horizontal 
centering can be accomplished, if needed, by 
rotating the HORIZONTAL hold control. However, 
you must be careful not to throw the picture out of 
sync. 

11. Adjust the PICTURE control for suitable contrast. 
This is best checked on a test pattern. 

12. After the receiver has been on for a while, check 
the adjustment of the FINE TUNING control. 

13. When switching from one station to another, it may 
be necessary to repeat steps 8, 9 and 11. 

14. If remote operation is desired, set the LOCAL RE-
MOTE switch td the "REMOTE" position. The 
brightness and contrast may now be controlled from 
the remote-control box. 

15. When the set is turned on again after a period of 
idleness, it is generally not necessary to repeat 
the adjustments, provided that the controls have 
not been moved. 

Note: An interlock switch is placed in the lid of the 
cabinet. This insures that the set will be auto-
matically turned off when the cabinet is closed. 
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However, it is best to turn the set off by the 
POWER switch, always, before closing the lid. 

Remember that merely demonstrating the opera-
tion of the receiver to the customer is not enough. 

You have to demonstrate, explain, point out the 
applicable parts of the customer instruction book, 
and have the customer operate the set himself 

several times until he can do it without making 

mistakes. You will recall that this was thorough-

ly discussed in Lesson 5. The requirements for 
effective customer instruction outlined therein 

apply just as well to projection receivers as to 
direct view receivers. If you make absolutely 
sure that the customer can operate the set pro-

perly under all conditions, you may save a call-
back later. 
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RECORDS AND RECORD PLAYERS 

15-1. Because many TV-Radio combinations 
contain record changers, you must become fa-
miliar with the operation of these machines and 

their servicing problems. In this lesson we shall 
discuss the operation and servicing of the three 

basic types of changers. The first type is the 

conventional changer for playing automatically 
a stack of either twelve 10-inch. diameter re-
cords or ten 12 inch records, at a speed of 

78 revolutions per minute (rpm). A later type 
of changer is designed to play records at either 

of three speeds: 78 rpm for conventional records, 
33-1/3 rpm, or 45 rpm for fine groove records. The 

tnird type is the unique 45 rpm changer for 7 in. 
fine groove records. 

Fig. 15-1. Three-speed record changer (VM Model 955). 

Of course, you are not going to be required to 
build a changer, but only to repair and service it. 

To do this efficiently, though, you must have an 
understanding of the various parts in a changer 
and their operation. Some fundamental knowledge 

of the phono pickups, motors and drive me-
chanisms employed will be very helpful in servic-

ing the changers. After discussing these basic 

features of a record player, we shall be more 
specific and go through the operation of the 

changers. In addition, you should know the vari-

ous types of records that can be played, and their 

characteristics. These are the first things to be 
discussed here. 

Records. — Commercial records for home 
entertainment purposes are made in three sizes: 
12, 10 or 7 in. diameter. This does not include 16 
in. commercial transcriptions for broadcast 
stations. Incidentally, transcription recordings 
often use a vertical cut, while the home records 

are always cut laterally. This means that the 

music or speech is recorded as lateral variation 
of the grooves of the record, while the vertical 

cutting method varies the groove depth. With the 

lateral method, the needle or stylus moves back 
and forth to cut into the record the information to 

be recorded; the playback needle is made to move 
laterally in the same way in order to reproduce 
the recorded music or speech. 

The speed at which the records are cut, which 
is the same speed at which they must be played 
back, may be 78, 45, or 33-1/3 rpm. Up to a few 
years ago, the record speed generally used was 

78 rpm, although 16 in. commercial transcriptions 
ran at 33-1/3 rpm to provide approximately 15 

minutes of playing time. Although the conven-
tional 78 rpm records are still being manufactured 
the recently developed fine groove records, whicl, 

are in popular use now, run at a lower speed 
of 33-1/3 rpm, or 45 rpm for the 7 in. records. 

These 7 in. records have a center hole diameter 
of 11/2 inches compared to approximately 0.286 in. 

for all other records. By using a much larger hole 
size, the 7 in. tine groove records have the 
advantage of greater stability on the center spindle 

of the changer. 

Fine Groove Records. — These have more 
grooves per inch, and run at a lower speed, either 

33-1/3 or 45 rpm, providing more playing time in 
a given record size. The way this works out for 
the different records can be seen in Table A, 
where the playing time is listed for each type. 

These values are for only one side of the record; 
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the available playing time is doubled, of course, 

by using both sides. It can be seen from the 
table that the fine groove records provide either 

more playing time, or the same time on a smaller 
record. 

Record 

12 in. conventional 

12 in. fine groove 

10 in. conventional 

10 in. fine groove 

7 in. fine groove 

7 in. fine groove 

TABLE A  

Playing 
Grooves per time 

Speed inch Approx. Approx. 

78 rpm 100 

33-1/3 rpm 225 

78 rpm 100 

33-1/3 rpm 225 

33-1/3 rpm 225 

45 rpm 225 

The playing time may, of course, 
type of selection. 

51/2 min. 

22 min. 

31/2 min. 

15 min. 

5 min. 

5 min. 

vary according to the 

With more grooves per inch, it naturally follows 
that the width of each groove is much less in fine 
groove records than in the conventional type. Also 

the amount of deviation in the lateral cut of the 

records must be less than for conventional re-
cords. As a result, it is necessary to use a very 

thin stylus point and a lightweight pickup arm. 
The tip radius of the needle is approximately 
0.001 in. compared to 0.003 in. for ordinary re-

cords, and the downward force of the pickup arm 

is about 6 grams. (A gram is roughly 1/30th of an 
ounce.) When the record changer plays both fine 
groove and conventional records, two needles 

must be provided, or the cartridge in the pickup 
arm may be changed, besides changing the turn-

table speed. The cartridge employed is generally 
either a crystal or a variable reluctance type, 
usually with a long-life sapphire stylus point. 

Fine groove records are made of Vinylite 

plastic, which is superior to the shellac com-
position coating generally used for conventional 
records. The advantages of a Vinylite record are 
that it is unbreakable in normal use, and pro-

duces much less surface noise than shellac re-

cords. Of course, 78 rpm records can be, and are, 
made of Vinylite also, but all fine groove records 

are Vinylite because of the need for reduced sur-

f ace noise with this type. 

Frequency Response. — In order to have high 

fidelity, the record should reproduce the wide 

range of audio frequencies up to 15,000 cycles 

15-3 

per second. However, the frequency response is 
limited by the fact that the highest frequency it 

is possible to record depends upon the velocity 

of the record groove as it moves past the needle, 
and how fast the needle can deviate in the lateral 

direction in the grooves. Naturally, the greater 

the speed for both of these effects, the higher the 
audio frequency variation that can be recorded. 

Let us examine briefly why the groove velocity 
affects the frequency response of the record. It 

must be realized, first of all, that with the record 
turning at a constant number of revolutions per 

minute, the linear velocity of a point in a groove 
varies from maximum at the outside of the record, 
where the diameter is maximum, to a minimum at 
the inside playing diameter. This must be so 
because the groove at the outside travels a con-
siderably greater distance past the needle in one 

revolution than an inner groove does in this same 

amount of time. For example, in the case of 12 
in. record the maximum groove diameter at the 

outside of the record is 11/2 inches and the dis-
tance around the groove (its circumference) is 

about 36 inches. Taking the minimum recording 

diameter as 5 inches, the length for this mini-
mum inside groove is only about 16 inches. The 

velocity at which the outer groove moves past 

the needle is about 20 inches per second, for a 
record speed of 33-1/3 rpm, but the velocity of 

the inner groove is only about 9 in. per second, 

or less than one half. 
Now let's look at Fig. 15-2. Here we illus-

trate an audio frequency tone as it would be re-

Fig. 15-2 
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corded in the outer groove of the record, and the 

same tone recorded in the innermost groove. Due 
to its lower velocity, the wave in the inner groove 

appears to be compressed relative to the outer 
groove's wave. This compression makes it very 

difficult for the needle to follow the sharp angles 
of lateral deviation in the groove. This limits the 

highest frequency that can be reproduced, there-

fore, because the higher the frequency the sharper 

the groove angles. On account of this compres-
sion effect a certain proportion of the record must 

be left blank at the center. The diameter of the 

portion left blank is a function of the record 

speed, and is 4 inches for 78 rpm conventional 
records, and approximately 5 inches for 45 or 
33-1/3 rpm fine groove records. 

Starting and Tripping Grooves. — Modern re-

cords have special characteristics which permit 

them to be used in automatic record changer 
operation. As shown in Fig. 15-3, special grooves 

are provided at the outside and inside of the re-
cord, not including the playing area. The groove at 

the outside edge is called a "starting" or "run-
in" groove, spiralling over a radial distance of 

about 1/4 in. Its purpose is to feed the pickup 

needle into the playing grooves after the pickup 

arm has landed on the outside edge of the record. 

This makes the landing position less critical and 

permits the changer to work properly with different 
records. 

The tripping grooves near the label on the in-

side bring the pickup arm in toward the center of 
the record. This is usually an eccentric path that 
makes the arm accelerate and also move back-

ward for an instant, as it travels inward to the 
center spindle. The purpose of these grooves is 

to give the pickup arm the motion required to trip 

Fig. 15-3 
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the changer and start the changer cycle, after the 

record play has been completed. 

Record Troubles. — It is important to realize 
that in many cases a record changer will not 
work right because of the records, rather than 
any trouble with the changer itself. For example, 

warped records can cause jamming of the me-

chanism in changers where the records are 
selected by knife blades slicing the record stack 

at the outer edge. Warped records should not be 

used on an automatic changer. They can often be 
straightened by placing them on a flat surface 
with a weight on top. With shellac records, though, 

you have to be careful about cracking them. 

Some of the older 78 Rpm records do not have 
lead-in and tripping grooves and therefore must 

be played manually. 

Some records may be too thin or too thick; 
their edges may be chipped; or the center hole 
may be enlarged. In such cases, the changer may 
jam, select two records, or not allow any to fall. 

Records with chipped outer edges are usually 
troublesome on the slicer-type changers; achipped 

center hole generally causes trouble in changers 
that depend on the center spindle for operation. 

Such records will have to be played singly, by 
manual operation. 

Phono Pickup Cartridge. — There are two 

general types of reproducing cartridges used 

in the pickup arms of record changers. These 
are: ( 1) crystal, and (2) variable reluctance. 

Crystal Pickup. — This is easily the most 

popular type. Its great popularity is due to the 
high output voltage as compared with other types, 

its low cost, and the simplicity of the required 
audio amplifier. The crystal cartridge is made 
from two pieces of Rochelle salt crystal, which 
are generally encased in an aluminum housing. 

The pickup needle is mechanically coupled to 
the crystal element so that vibrations of the 

needle will cause a distortion of the element. 

This in turn causes voltages to be developed by 
the crystal, which correspond to the variations 

of speech or music in the record. 

clomping strip 
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A cross section of a crystal cartridge looks 
like this: 

cose' 

piezo electric element 

rubber beorin 

Fig. 15-4 

sty/us 

There are different types of crystal cartridges. 

They may differ in the required needle force, in 
frequency response, or in mechanical dimensions. 

It is generally required that an exact replacement 
be made if the proper response is to be obtained 
for a particular installation. For example, the 
crystal cartridge used in the 45 rpm changer 

requires a pickup force of only about 1/5 of an 

ounce, while other crystal cartridges may require 
as much as two ounces of force upon the needle. 

The output voltages from crystal cartridges may 

vary from about .5 volt to 2 volts or so. Thus, 

you can see it is important to obtain correct re-
placements should this become necessary. 

Incidentally, here is a simple trick you can 

sometimes use to determine if a crystal is no 

longer operating properly. With the pickup ampli-
fier turned up rather high, rub your finger along 
the tip of the needle and listen for a rumbling 

noise. If you get this, you will at least know that 

the amplifier is working to some extent. Now, 

with the tip of your nail flick the needle sideways 
first in one direction and then the other. Compare 

the intensities of the clicks in both directions. 
If one click is much louder than the other it is a 
pretty safe bet that the crystal is defective and 

should be replaced. 

Caution: Rochelle salt crystals are not capable 

of withstanding high operating temperatures. 

Changers incorporating such crystals should be 

kept clear of all sources of heat. 

Variable Reluctance Pickup. — The variable 

reluctance phono pickup is a fairly recent develop-
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ment, which is becoming quite popular. It is a 
"magnetic" type of pickup, with the advantages 

of low needle force (3/4 to 1-1/4 ounce), excel-

lent frequency response, and freedom from 
changes in its operation due to variations of 
temperature and humidity. 

In this pickup, the needle, or a metal vane 

attached to it, is positioned so that it influ-
ences a magnetic circuit. Vibrations of the needle 

cause changes in the strength of a magnetic field. 
This in turn produces voltage variations, which 
are induced into a small coil and fed to an ampli-
fier. The output voltage is extremely low com-

pared to a crystal pickup, and is in the order of 

one ten-thousandth of a volt. Because of this, 
a special pre-amplifier is required to increase the 

level of the output to a degree sufficient to 
operate a conventional audio amplifier. The pre-

amplifier generally includes tone compensation 
circuits which are required with this pickup. 

CHANGER MECHANISMS 

There are several types of changers in common 

use. Based on their function, these can be classi— 
fied as: three-speed changers to play 78, 33 1-3 

and 45 Rpm records, two-speed changers for 78 

and 33 1-3 rpm records, single speed 78 rpm and 
45 rpm changers. However, all of these can be 
considered in a more fundamental way by classi-

fying them according to the type of mechanism 

used for automatically changing records. The 

three main characteristics are: 

1. The method by which unplayed records are supported. 

2. The method of tripping the changer mechanism at 
the end of the record 

3. The method of selecting the next record to be played. 

Methods of Record Support. — Most modern 
changers that are used in home receivers utilize 
what is known as the drop sequence method of 

changing records. In the drop sequence method, 
the unplayed stack of records is supported di-
rectly above the turntable. After the finish of 

each played record, and in the proper portion of 
the change cycle, the bottom record is dropped to 

the turntable to be played. The remainder of the 

unplayed stack remains supported above the turn-

table, to be dropped one at a time with each 
change cycle. In most changers, the next record 
may be dropped before the completion of the play-

ing record by operating a reject knob or button. 

The unplayed stack of records may be sup-
ported by one of two general methods. We may 
classify these as: ( 1) spindle support, and (2) 
post support. In the case of spindle support, 

most, or all, of the weight of the unplayed stack 
is supported by the center spindle. The spindle 
may be either stationary or rotating. In some 
changers utilizing spindle support, there may be 
one or more outside posts to help balance the 
stack and to push the bottom record off the spindle 
onto the turntable. One example of a spindle 

support changer is the 45 rpm record changer, 
shown in Fig.15-14(a), which we will discuss in 

detail later on. In this changer there are no out-
side posts, all records being supported on a 11/2 

in. center rotating spindle, which contains the 
changing mechanism. Another example of spindle 

support is to be found in the Garrard RC 65 

changers, which is used in some receivers. In 
this changer, the main weight of the records is 
supported on a notch in a bent spindle, thus: 

Fig. 15-5 

A spring-loaded overarm is used to position 

the records at the correct angle, so that the edge 
of the bottom record rests on the record separator 
shelf. A disadvantage of the notched-spindle type 

of record support is the chipping of the record 

center hole, which occurs when the bottom record 
of the unplayed stack is pushed off the notch to 
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fall onto the turntable. 

Post Support. — In a post support changer, all 
of the weight of the unplayed stack of records is 

supported by two or more outer posts (not includ-

ing the spindle). The spindle proper may rotate, 
or it may be stationary. In the changer shown 

below, the spindle rotates with the turntable. In 

order not to cause shifting of the unplayed stack 

while the spindle is rotating, and also to assist 
in record separation, the upper section of the 

spindle is made very thin, as shown here: 

Fig. 15-6 

In chis photo, you can also see the two op-

posing outer posts upon which the unplayed stack 
is supported. These posts also contain the me-

chanism (usually knife blades) with which che 
next record to be played is selected and dropped 

from the stack. Post support has the advantage of 
not chipping the center hole of the record, but it 

may cause chipping of its outer edges, which is 
not as serious. Some changers may use three posts 
instead of two to support the unplayed stack. An 
advantage of the three-post over the two-post 

changer is that the record is more likely to fall 
flat upon the turntable when released, and thus 
may actually hit the turntable at a lower velocity, 

due to the air cushion formed between the falling 
record and the turntable. If the record does not 
drop flat, this will permit the record to fall faster 

and hit the turntable harder than when it falls 
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perfectly flat. However, having three posts in-

stead of two, complicates the changer mechanism 
and adds to its cost. 

Methods of Tripping the Changer. — After the 
end of the playing record has been reached, it is 

necessary that some sort of tripping mechanism 
be energized in order to initiate the change cycle 

and thus cause the next record in line to be played. 
In general, there are three types of tripping de-
vices used in record changers. These may be 

classified as follows: 

1. Position tripping. 

2. Eccentric, or ratchet tripping 

3. Velocity tripping 

Position tripping is very commonly used and is 
perhaps the simplest method of all three. In this 
system, tripping will occur only after the pickup 

needle has reached a predetermined position on 

the record. At this position, the pickup arm en-

gages a lever which initiates the change cycle. 

The tripping point depends upon the type of re-
cords played. For conventional types, it is usually 

about 1-7/8 inches from the spindle. However, in 

the case of the 45 rpm changer, which uses 
position tripping, the tripping point will usually 

be about 1-3/8 inches from the edge of the spindle. 

Some form of adjustment is usually provided to 
change the tripping point (within limits) to adapt 

the changer to slight variations in records and 

also to slight variations in the operation of the 

changer mechanism. This type of tripping has the 
advantage of simplicity of parts and operation, 

but the disadvantage of not being able to adapt 

itself automatically to variations of stopping 

groove diameters, or non-standard records. This 
disadvantage does not apply in the case of 
45 rpm records, which are all standard dimensions 
and therefore readily adaptable to a position trip-
ping changer. 

Another method of tripping which is widely 

used is eccentric or ratchet and pawl tripping. A 
simplified sketch of a ratchet and pawl assembly 

is shown in Fig. 15-7. 

The spring-mounted pawl is coupled to the 
pickup arm. As long as the pickup arm is moving 
inward toward the center of the record during 
normal playing, the spring loaded pawl simply 
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Fig. 15-7 

slides over the teeth of the ratchet. When the 
needle enters the eccentric stopping groove at the 
end of the record, the pickup arm is caused to 

move backward during part of the record rotation. 

Any backward motion causes the sharp edged 

pawl to engage the ratchet teeth, move the ratchet, 
and thereby trip the changer mechanism. This 

type of trip automatically adjusts itself to vari-

ations of record characteristics provided that they 
all have an eccentric stopping groove. A possible 
disadvantage of eccentric tripping is that pre-

mature tripping may occur due to a record with an 
enlarged or off-center hole. A rapid clicking sound 
is normally heard during tripping and this has 
sometimes brought complaints from customers. A 

combination of both position and eccentric trip-
ping is sometimes used. 

A third type of trip is the so-called velocity 
trip. This type of trip operates if the forward 

velocity (toward the spindle) of the pickup arm 
exceeds about 1/8 inch in 1/2 revolution of the 
turntable. During the normal playing of the record, 

the forward velocity is considerably less than 

this amount, but when the needle enters the ec-
centric stopping groove, the forward velocity is 

considerably greater than normal and tripping 
occurs. In velocity trip, the possibility exists 

than an off center or enlarged hole in a record 
could also cause premature tripping. 

Methods of Record Selection. — Here we can 

divide our topic into two general classifications 

as follows: 

1. Spindle selection 

2. Post selection 

In spindle selection, the device which selects 
the next record to be dropped and played is on the 

spindle. One common type is the centerpost step 

selector. A sketch of this, showing the proper 
seating of a record, is given here: 

Fig. 15-8 

The step is made just high enough to accomo-
date only one record at a time. A pusher arm at 

the left edge of the record pushes it to the right 
until it clears the step and drops down to the 
turntable. The pusher arm plays no part in the 

actual selection of the record but merely causes 
it to leave the step. 

Since records may vary in thickness, the step 
height must represent a compromise, so that a 
record which is thicker than normal will not jam, 

and a record which is thinner than normal will not 
permit a second record to fit into the step. Thus, 
the step height is somewhat greater than the thick-
ness of one record, but smaller than two thin re-

cords. As we mentioned before, the center hole 

of the records may be chipped when pushed over 
the sharp edge of the step, because the entire 
weight of the unplayed stack is resting upon the 
record that is leaving the step. 

The 45 rpm changer also uses spindle se-
lection. The method of selection is somewhat 

different from that just described, however, and 

has the very important advantage that no chip-

ping of the center holes can occur. The unplayed 
stack is normally supported by two projecting 

separator shelves as shown in Fig. 15-9. 

Note the air space between records due to the 

depressed playing surface. When the bottom re-
cord is ready to be dropped, a pair of knives 
comes out into this air space, and the separator 

shelves retract into the spindle. This permits 
the bottom record to drop onto the turntable while 
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the rest of the stack remains supported tempo-

rarily by the two knives. After the cycle is com-

pleted, the knives retract and the stack comes to 
rest on the separator shelves, which again pro-

trude. 

Spindle 

Fig. 15-9 

Thick label ipart of record 

Records 

Air space 

Post Selection. — This is invariably accom-

plished by knife blades located near the top of 
the posts. The unplayed stack of records is 

normally supported by a pair of shelves. Knives 

are located just above the shelves. They are 

loosely mounted, and project at an angle, thus: 

Fig. 15-10 

During the change cycle, the posts rotate, so 
that the knives pass between the bottom record 
and the one just above it. As the post continues 

to rotate, the shelves move out of the way of the 

bottom record, permitting it to drop onto the turn-

table. In the meantime, the unplayed stack is 

supported by the knives. As the cycle nears corn-

15-9 

pletion, the posts return to their original posi-
tions, and the unplayed stack drops back onto the 
shelires. Records may vary in thickness, and to 
allow for this, the knife blades are mounted 

loosely. They are so positioned as to rise when 
contacting the bottom record and pass above it. 
It is important that the knives be properly ad-

justed, in order to prevent chipping of the edges 
of the records or jamming of the mechanism. 

Motors and Turntable Drive Mechanism. — 

Most record changer drive motors are of the 
single-phase, shaded-pole type of induction 
motors (these are not synchronous motors). This 
motor has several features which make its use 
desirable. It reaches full running speed in a 
short time, and may withstand long periods of 

stalled operation without serious overheating in 

the event of jamming of the mechanism. Motor 
speeds vary between about 1200 to 3600 rpm. 

Proper turntable speed is obtained by a step 
down arrangement, which usually consists of a 
friction type reduction system (rubber-tired 

wheels) of which the turntable rim is often a part. 

Changer motors usually have a power rating of 
from 1/2D0 to 1/500 horsepower. They generally 

do not have any speed adjustment, and if the turn-

table runs a few rpm slow or fast there is usually 
nothing much that can be done about it. Of course, 

abnormal friction or binding may cause the motor 
to run slow and this can be cured. Changer drive 
motors are usually held in a "floating" rubber 
mounting to prevent the transmission of motor 
vibration to the turntable and hence to the pickup. 

It is important that any mounting screws pro-

jecting through rubber cushions are not tightened 
enough to compress the rubber, since this will 
reduce the vibration-isolating properties of the 

rubber. 

Many changers transmit their power to the 

turntable by a rim-drive arrangement. An example 
of this, is shown in Fig. 15-11. 

Here we may see that the motor spindle en-

gages a rubber-tired idler wheel, with a con-
siderable speed reduction due to the small dia-
meter spindle and the large diameter idler wheel. 

The idler wheel is held by spring tension against 
the inside of the turntable rim, which it drives 

with a further speed reduction. Any irregularity 
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of idler wheel diameter, due to wearing of the 
rubber tire, will result in a "WOW". This can 
only be cured by replacing the idler wheel tire. 

IDLER WHEEL 
kusBER TE NSION SPRING 

GROMMET HAIRPIN 

SPRING 

MOTOR 
SPINDLE 

DRIVE IDLER 
EKE E L 

INSIDE OF 
RUBBER TURNTABLE RIM 
GROMMETS 

Fig. 15-11 

A variation of this system is used with the 
RP-176 changer, thus: 

VIOTORBOARD 

BINDS 

MOTOR IDLER 
WHEEL WITH 
THEE 

TURNTABLE 
DRIVE DISC 
TIRE 

TURNTABLE 
SyNNOLE 

IDLER TENS,ON-'N 
/SPRING ( UNDER 
MoTOR BOARD 

\ TURNTABLE 

Fig. 15-12 

Instead of utilizing the turntable rim, an inner 
diameter turntable drive disc rubber tire is con-

tacted by the motor spindle. The motor spindle 
is held against the drive disc tire by the action 
of the motor idler wheel and spring. 

Still another variation of rim drive is the 
system used with the 45 rpm changer as shown 

here in Fig. 15-13. 

This consists of two concentric rubber tired 

wheels of different diameters mounted on the 

same shaft. As shown here in the drawing, the 
motor spindle contacts the large idler wheel, 

which also turns the small idler wheel. The small 

wheel contacts the inside of the turntable rim 

and causes it to rotate. The idler spring holds 
the wheels against their respective surfaces to 
provide sufficient friction and prevent slippage. 

inside of 
turntoblo 

Fig. 15-13 

moll idler wheel 

largo leflor oboe 

()tor spines 

motor 

RECORD CHANGER (45 Rpm) 

15-3. This is a recently developed changer, de-
signed specifically to operate in conjunction with 

the new 45 rpm fine groove records. This changer 
is unusual in that the mechanism for selecting 

Fig. 15-14 (a) 
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records and for supporting the unplayed stack is 

contained within the 11/2 inch spindle. It has an 
an extremely fast change cycle, and takes about 

3 or 4 seconds from the end of the playing grooves 

of one record to the start of the playing grooves 
of the next record. The change cycle itself takes 
only about 11/2 seconds. 

The changer can accomodate a series of ten 
7 inch fine groove records. 

A speed of 45 rpm was chosen, because for 
the 7-inch record size selected, it was deter-
mined mathematically that 45 rpm was the slowest 
speed that would provide the desired high fidelity 
reproduction. 

Unpacking Information. — One of the television 
receivers using the 45 rpm changer is RCA Model 
S1000. The unpacking information as it applies 
to this changer (RP168C) is given with respect to 
the S1000. For other receivers the procedure is 

very similar or identical. Seen from the rear, the 
S1000 looks like this: 

REC. 
ANTENNA CABLE 

RC617A RADIO 

• 

JEWEL .LIGHT 

SPAR. 
CABLE 

0- 
eel') 
POWER 
CABLE 

• 

.SPEAKER 

II 

TELE, ANT. 
CABLE 

REiÀ:" 
TELÉV. AUDIO 

CABLE 

P'••1 

! 

INTERLOCK SP/I 

r 
I Peccoao CHANGER 

«RPM 
PHONO. 
AUDIO 
CABLE, 

PHONO POWER 
CABLE 

del 

A•C 

LINE 
CORD 

Fig. 15-14 ( b) 

Note the location of the record changer in 
the lower-right portion of the sketch. The record 

changer drawer is held by a single wood screw 

for shipping. From the rear of the cabinet, remove 
this screw, and slide the drawer all the way out. 

From the top of the changer, remove the three 

filler plugs from over the motorboard mounting 

screws. Loosen all three mounting screws just 
enough so you can remove the two wooden ship-

ping strips under the edge of the motorboard. Re-

tighten the three motorboard mounting screws just 

enough to prevent the motorboard springs from 
rattling and replace the three filler plugs. The 
changer is now ready for operation. The unpacking 

procedure for other changers is similar and will 

not be given in detail. Consult your Service Data 
notes for individual cases. 

Customer Instruction. — The following informa-
tion with regard to loading and operating the 
changer, and the necessary precautions, should 
be explained to the customer. 

To load, take a stack of not more than 10 re-

cords. Place the stack over the center post and 
permit it to rest on the shelves. Apply power and 

push the start-reject button to start, and then 

release it. The changer will now automatically 

play the "up" side of all ten records. The last 

record will be repeated until the changer is shut 

off. Any record may be rejected during playing by 
pushing the start-reject button again. At the 
conclusion of playing a stack, wait until the 

cycling is completed and the last record is being 

repeated; then lift the pickup arm and place on 
its rest. Shut off power. 

Do not fail to aquaint the customer with the 

operation of the function switch. This switch is 

found to the right of the radio push buttons and 
is the outer member of the dual knob found there. 
The inner knob is used for radio tuning. There 

are two changers in the S1000 receiver. To 
operate the 45 rpm changer, turn the function 
switch to "XPh". The other changer operates 

with the function switch in position marked "Ph". 

Operating Precautions. — The following pre-
cautions should be observed when operating the 

45 rpm changer. Be sure to explain these to the 
customer. 

I. Do not handle the pickup arm while the changer is 
in cycle. To do so may damage some of the com-
ponent parts. 
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2. Records may only be removed from the turntable 
when the changer is out of cycle. Otherwise, the 
separator knives will be partially or fully extended, 
preventing normal removal of the records. 

3. When the changer is out of cycle, the separator 
knives should be fully retractèd into the spindle. If 
the knives protrude, out of cycle, the following 
procedure should be followed. Turn the power on 
and wait until the changer is out of cycle. As the 
turntable is rotating, press your fingers gently 
against the protruding knives until they are fully 
retracted. This applies only to changers having 
rotary knives. Changers using spade tips will not 
remain out. 

4. If the changer jains,do not use force to release it. If 
necessary, loosen or remove whatever parts are 
needed to release the jam. If the customer cannot 
release the jam, instruct him to call for service. 

5. Always keep the motor drive spindle and the rubber 
tire on the idler wheel free from oil, grease or dirt. 
These parts may be cleaned with carbon tetra-
chloride or naphtha. 

THE CHANGE CYCLE 

15-4. In order to understand the function of the 

various parts in a record changer, we shall follow 
through a complete change cycle of the RCA Model 
RP 168, as an example of a relatively simple 
changer. Let us assume that a record has just 

finished playing. The needle leaves the last 
playing groove and begins to move toward the 
spindle in a lead-out spiral groove. (There is no 

eccentric groove on the 45 rpm 7 inch record. ) When 
the sapphire needle reaches a point 1-3/8 inches 
from the side of the centerpost, tripping should 
occur. This changer uses position tripping, and 
if tripping does not occur at this point, an adjust-
ment may be made which we will describe later. 

Tripping. — A trip lever assembly is clamped 
to the end of the pickup arm pivot shaft. It looks 
like this: 

CLAMPING 
SCREW 57 

TRIP LEVER 
ASSEMBLY 

HORIZONTAL 
MOVEMENT OF 
TRIP LEVER 

The trip lever assembly is clamped rigidly to 

the pivot shaft. This assembly is made of two 

basic parts, a fixed section which is attached 
solidly to the pivot shaft, and a spring loaded 

pivot arm which does the actual tripping. Another 

view of the trip lever assembly showing these 

two sections is shown here. 

Fig. 15-16 

When the end of the record is reached the trip 
lever assembly has moved in enough so that the 

spring loaded pivot arm touches and begins to 
move the trip pawl, thus: 

STU 8A 
READY TO 
CONTACT 
AND START 
CYCLE AGAIN 

Fig. 15-17 

TRIP PAWL 37 

TRIP LEVER 
58 

The trip pawl is mounted very loosely and re-
quires an extremely small amount of pressure to 

move it. When the trip pawl has moved sufficiently, 

it is pushed in the path of a stud fastened to the 

underside of the turntable. The manner in which 
the turntable stud contacts the trip pawl can also 
be seen in Fig. 15-17. The turntable stud now 

takes over the job of supplying the motive force 

for initiating the tripping. No force is required 
from the pickup arm for this function. As the turn-
table stud presses against the trip pawl, the trip 

pawl pivots, and in so doing, a stud on the trip 

pawl applies force to the director lever (41). This 
is shown in Fig. 15-18 

Fig. 15-15 A stud (41b) on the director lever is caused to 
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The Change Cycle 

37A TRIP 
PAWL STUD 
APPLIES FORCE 
ON DIRECTOR 

LEVER 
TENSION 
SPRING 
42 

move into the opening of the cycling cam (8b). 
and the cycling cam now provides the motive 

power for the remainder of the operations. The 

cycling cant is fixed to the underside of the turn-

table, thus: 

Fig. 15-19 

The cycling cam contains a specially shaped 
groove in which the director lever stud (41b) now 

rides. 

As the cam rotates, the director lever stud 
(41b) riding in the cam groove causes a further 

movement of the director lever. Several actions 

take place due to this. 

Muting. — The vertical end (41c) of the di-

rector lever, which extends below the motor board, 

moves away from the muting switch (63). This 
permits the muting switch contacts to close, 
shorting out the pickup leads and silencing the 

amplifier during the change cycle. This may be 

seen in Fig. 15-20. 

Lifting the Pickup Arm. — At the same time, 

a stud (41a) on the direct lever presses against 
the pickup arm lift lever (35). The other end of 

the pickup arm lift lever presses against the pick-

PicKup ARM LIFT LEVER 
35 

STUD 41A 

41C 

Fig. 15-20 

15-13 

MUTING SWITCH 63 
CLOSES 

STUD 9A 

up arm lift pin (stud 9a) and raises the pickup 

arm clear of the records. As the turntable con-
tinues to rotate, one end (41e) of the director 

lever presses against stud (58a) on the trip lever 
and starts the pickup arm moving outward. This 

same stud (58a) as it moves forward, contacts 
the pickup arm return lever (50) by entering the 

clamping latch ( 50a), thus: 

CLAMPING 
LATCH 50A 

STUD 58A 

PicKuP ARM 
RETURN LEVER 

TENSION SPRING 51 

Fig. 15-21 

PICKup FiRil 
MOVING 
OUTWARD 

The stud (58a) moves the pickup arm return 
lever outward against the tension of spring 51. 

When the pickup arm reaches its outermost posi-
tion, it is held there momentarily, while the new 

record drops, by the action of the clamping latch 

(50a) and the shape of the cycling cam. 

Record Selection. — Now, let's go back just a 

bit to examine the mechanism that determines the 

selecting and dropping of the record. In order to 
do this, it will be necessary to examine in some 
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detail the construction of the center spindle. In 
the upper section of the centerpost are located 

two sets of opposed separator knives and record 

support shelves. These are mounted on an ec-
centric which may be turned by a small gear. A 

breakdown of one such assembly is shown here: 

Fig. 15-22 

The gear is not eccentric (as it appears in the 

drawing), but is perfectly round. The eccentric 
runs through a hole in the shelf and is riveted to 

the knife so that the eccentric and knife are 
rigidly mounted together. The shelf, however, is 
rather loosely fitted, and is free to move quite a 

bit around the eccentric. The assembly of the 
shelves and knives and associated parts is like 

this: 

GEAR 5A 

STAR WHEEL 62 

SPRING 4 

CONTACT HERE 41C 
PREVENTS ROTATION 

Fig. 15-23 

SHELVES MOVE 
IN AND OUT 

GEAR 6A 

GEAR 7A 

Note that the two shelves are always pressed 
toward the outer position due to the action of the 

spring (4). A center gear ( 7a) meshes with the 

two outer gears ( 5a, 6a). This center gear (7a) is 

rivited to a solid shaft which runs down through 

the center of the spindle and terminates below 

the turntable. At the bottom of this shaft a star 
wheel (62) is fastened. This can also be seen in 
Fig. 15-23. 

Now that we have examined the major com-
ponents let us see how the records are handled. 

During normal playing of a record, the bottom re-
cord of the unplayed stack rests upon the two 

shelves, thus: 

Fig. 15-24 a 

Note the spaces between records, due to their 
special construction. The knives at this point are 

completely retracted. Another view will help you 
visualize the relative positions of the knives and 
shelves. 

Fig. 15-24 b 

While a record is normally playing, the star 
wheel (62) and the shaft and gear (7a) to which 

it is attached rotate freely with the turntable and 
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no action takes place inside the centerpost. 

Now, let's say that the changer has finished 
playing a record and has been tripped. The pickup 

arm is moving out toward the edge of the record 

and the director lever is moving in, so that one 

end of it (41c) contacts the star wheel (62) and 
stops it from rotating with the turntable. This 
may be seen in Fig. 15-23. The turntable con-

tinues to rotate around the center gear (7a). This 

forces gears(5a)and (6a) to rotate and thus to turn 
the two eccentrics. As the eccentrics turn, the 
two knives extend out into the space between the 
two bottom records. As the eccentrics turn further, 
the two shelves are forced to retract into the 
spindle against the compression of the spring (4). 
When the shelves have retracted fully into the 

spindle the bottom record drops. The remainder of 
the stack remains supported by the two knives. 
The position of the knives and shelves as just 

described can be seen in these two views: 

Fig. 15-25a 

F lg. 15-258 

As the turntable continues to rotate, the knives 
again retract and the shelves are forced out by 

15-15 

spring (4), catching and supporting the unplayed 

stack. After the shelves are fully extended, the 
director lever (41c) disengages from the star 

wheel (62) which once again is free to rotate with 
the turntable, immobilizing the spindle mechanism 

until the next tripping occurs. At the same time 

the muting switch is opened by contacting of the 

director lever (41c). 

Pickup Arm Action. — A detailed description 
of the action of the pickup arm and associated 

components has purposely not been given with 
the preceeding discussion to avoid undue compli-
cation. We will now take this up. The start of 

this action is best illustrated in Fig. 15-18, 
which is repeated here for convenience. 

CYCLING CAM 
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DIRECTOR 
LEVER 
41 

STUD 
41B 

37A TRIP 
PAWL STUD 
APPLIES FORCE 
ON DIRECTOR 

LEVER 
TENSION 
SPRING 
42 

Duplicate of Fig. 15-18 

After the changer has been tripped, a stud on 

the director lever (41b) is forced into the opening 
of the cycling cam. The action of the cycling cam 
carries stud (41b) further in toward the spindle 
for almost AI revolution of the turntable. As this 

stud (41b) is moving toward the spindle, a stud 

(41a) (see Fig. 15-20) on the opposite end of the 

director lever is moving away from the spindle 

This stud (41a) now contacts one end of the pick-
up arm lift lever and presses against it, forcing 
the opposite end to move the pickup arm lift pin 

(stud 9a) so as to lift the pickup arm clear of the 

records. Further movement of the director lever in 
the same direction causes the end (41e) to con-

tact and push against stud ( 58a) of the trip lever 

assembly. As the director lever moves this stud 
(58a), it moves the trip lever assembly away from 

the spindle and thus causes the pickup arm to 

move outward, as shown in Fig. 15-26. 

When the pickup arm reaches its outermost 
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Fig. 15-26 

Picelup Aam 
MOVES 
OUTWARD 

TRIP 
LEVER 58 

position, it remains there momentarily due to a 
flat portion of the cycling cam, and during this 

time is locked in position by the action of the 
clamping latch (50a). The record drops during 

this period as previously described. 

While the pickup arm return lever assembly 
(50) is being pushed outward, it does so against 

the tension of a spring (51) as shown in Fig. 

15-21. As the turntable continues to rotate and 
we go off the flat portion of the cam, pressure 
begins to be taken off the trip lever and the pick-

up arm lever spring (51) begins to return the trip 
lever and the tone arm inward toward the edge of 

the record. The cycling cam permits this movement 
by slowly withdrawing end (41e) of the director 

lever. Thus under the force of spring ( 51)the 
pickup arm begins to move in toward the edge of 

the record. It continues to move in, until a stud 

(50b) on the pickup arm return lever contacts an 
eccentric stud (45c) mounted on the motor board. 

This eccentric is adjustable and determines the 

landing point of the pickup arm. 

After the pickup arm reaches its landing posi-

tion stud(41a)continues to back off along the pick-
up arm ( see Fig. 15-20) permitting the pickup arm 
to be gently lowered onto the record. As the pick-

up arm reaches the record, stud (41b) on the di-

rector lever snaps out of the cycling cam. This 
causes the end (41c) of the director lever to open 

the muting switch and at the same time the other 
end of the director lever (41d) causes the clamp-
ing latch to open, like this: 

4IC 

MUTING SWITCH 63 
OPENS 

Fig. 15-27 

LATCH 50A 
UNCLAMPS 

PROJECTION 
50C 

410 

This completes the mechanism of operation 
for one complete change cycle. 

When it is desired to reject any record or to 

start the cycle in operation, the reject slide is 

pressed in by the reject button. This moves the 
trip pawl (37) into the tripping position and the 

change cycle proceeds as described before. This 

action is shown here: 

TURNTABLE 

8A STUD 

POINT OF CONTACT 

REJECT LEVER 

Fig. 15-28 
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15-5. There are three adjustments which may 
be made on the changer to insure proper landing, 

tripping, and height of the pickup arm. However, 
the installation man will make only those adjust-

ments that are accessible without removing the 

changer. These are the landing and pickup height 

adjustments. 
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The location of the landing and pickup arm 

height adjustments can be seen here: 

Fig. 15-29 

Landing Adjustments. — In normal operation, 
the needle should land halfway between the edge 

of the record and the first playing groove. If it 

does not, a small correction can be made by turn-

ing the eccentric landing adjustment (45c). 
Caution: Do not attempt to correct a landing error 

of more than plus or minus 1/32 inch with the 

eccentric landing adjustment. To do so may throw 

other portions of the mechanism out of their 

correct cycling time. If proper landing cannot be 

obtained, the installation man should file a 
service call for the job. If the landing is off the 

correct point by more than 1/32 inch, it may be 

reset by the followingprocedure ( but not normally 

done by the installation man). 

1. Loosen the clamping screw ( 57) of the trip lever 
assembly enough so that the trip lever assembly 
can move on the pickup arm shaft. The location of 
this is shown here. 

CENTER POST 

SET TONE ARM 
HALF-WAY 
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• AND RECORD EDLIE 

21 ± ÉRMMENT 

RECORD 

REJECT LEVER CLAMP SCREW 
57 

TRIP LEVER 

Fig. 15-30 

2. Turn the eccentric landing adjustment stud (45c) to 
a setting about halfway between the inward and 
outward limits. The screwdriver slot should now be 

15-17 

approximately 30 degrees from parallel with the 
first edge of the motor-board. 

3. Place a record on the turntable. Push the reject 
button to put the chanrr in cycle, and rotate the 
turntable by hand until the sapphire needle has 
been lowered to a point level with the top of the 
record. 

4. With the trip lever in this position, hold it rigidly 
by hand, and move the pickup arm so that thesapphire 
is in the position halfway between the first playing 
groove and the edge of the record. Check this by 
pushing the reject button and rotating the turntable 
by hand for one or two change cycles. Make correct-
ing adjustments if necessary by further movements 
of the trip lever, until the sapphire lands correctly. 
As shown in Fig. 15-30, the correct sapphire land-
ing position should be 2-5/8 inches, plus or minus 
1/64 inch, from the side of the centerpost. 

5. When the landing is correct, tighten the clamp 
screw ( 57). 

6. Check the landing again. Minor corrections can be 
made with the eccentric landing adjustment stud 
(45c). 

Pickup Arm Height Adjustment. — The Height 
of the pickup arm above the motor board must be 

checked when the changer is out of cycle. The 

correct out-of-cycle height is obtained when the 

sapphire point is about 1/16 inch above the motor 

board (not the turntable). This is shown here: 

Fig. 15-31 

If the height is not correct, bend the pickup 

arm lug until it is. 

Now we must check the height of the pickup 

arm with the changer in cycle. This is done as 

follows. Push the reject button to set the changer 
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Fig. 15-32 

HEIGHT ADJ. 
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in cycle. Rotate the turntable by hand until the 

pickup arm has reached its maximum height. 

Measure the distance from the point of the 

sapphire to the top of the turntable. This dis-
tance should be 34 of an inch. If it is not, turn 
the height adjustment stud to attain the proper 

height. This can be seen in Fig. 15-32. 

If it is desired to raise the pickup arm, turn 
the height adjustment stud clockwise. To lower 

the pickup arm, turn counter-clockwise. 

Tripping Adjustment. — Tripping should normal-
ly occur when the sapphire is 1-3/8 inches from 

the side of the centerpost. If this is not the case, 
a tripping time adjustment may be made by bend-
ing the bottom lug of the trip pawl (37) as shown 

in Fig. 15-33. 

If tripping occurs late, bend the bottom lug 
forward in the direction of the trip lever. If trip-

ping occurs too soon, bend the bottom lug back-
ward, away from the trip lever. Make these bend-
ing adjustments carefully and in small steps to 

avoid breaking off the lug. This adjustment is not 
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Fig. 15-33 

normally made by the installation man but is in-

cluded for the sake of completeness. 

CUSTOMER INSTRUCTION 

Aspects of Customer Instruction. — Before we 

discuss the characteristics of the various record 
changers, which follow, let us look into the very 

important matter of instructing the customer in 
the correct operation of his changer. Specifically, 

we shall cover the following topics: 

Fig. 15-34 



Customer Instruction 
15-19 

1. Automatic Operation 

2. Manual Operation 

3. Operating Precautions 

Some changers are very simple to operate. 

Others have special devices and are more diffi-
cult. It is up to you to show the customer how to 
operate his particular changer. 

In our discussion we shall first list a number 
of points which apply in general to all changers. 

Then we'll discuss variations and additions as 

they apply to specific changers and finally 
we shall give a list of operating precautions 

which should be observed to prevent damage to 
the changer and records. 

Automatic Operation. —In most spindle support 
changers a record stabilizing clamp will be found 

on the side post. (Two-post changers do not have 

one.) This must be lifted,and in some cases swung 
off to the side before attempting to load a stack 
of records. The stack should be prepared in ad-
vance of loading with the desired selections 
facing up and the first record to be played at the 
bottom of the stack. Before loading the records, 
the changer must be adjusted to receive the 

correct size. This is usually accomplished by 

rotating a side post, although for the changer 
shown in Fig. 15-35 the post supporter is lifted 
and slid backward or forward for 12 or 10 inch 

records. In the case of the record changer shown 
in Fig. 15-36 the procedure is a little differ-

ent. Lift the record stabilizing clamp on the 

side record post with the edge of the stack resting 
on the 10 inch support. When a stack of 12 inch re-

cords is to be played, raise the 10 inch record 
support before placing the stack over the center 
post. The 12 inch records will rest on the main 

support. Changers which are designed to intermix 
do not require any such adjustment. In the case 

of two-speed changers, the correct turntable 
speed and needle size must also be set before 
loading records. 

After the records are loaded onto the changer, 

replace the record stabilizing clamp (or arm) and 
see that the records are resting properly upon the 

supports. Turn the power switch to "On" and 
operate the "Reject" knob or button. The changer 

will now play automatically, the top side of each 

record of the stack. Some changers shut off auto-
matically at the conclusion of the last record and 

some do not. To determine quickly which changers 
do and which don't, you can refer to the table at 

the end of this Lesson. In most changers, to 
reject any record being played, simply operate 

the "Reject" knob or button. This starts the 
change cycle immediately to play the next record. 

The method of removing records from the turn-
table depends upon the type of changer. In 

most two post changers, you lift and turn the 
separator shelf and then lift the records straight 
up. In the case of most spindle support changers, 

you lift a stabilizing clamp or arm out of the 
way and then lift the records straight up. The 

procedure is a little different in the case of 
some changers like the Garrard RC 65 (see 

Fig. 15-38). Here, you simply raise the over-
arm and pull out the spindle. The records are 
then easily removed. 

In changers which do not employ automatic 
shut off, you must wait until the change cycle is 
completed. Then place the pickup arm on the rest 
and turn off the power. 

Manual Operation. — Some of the changers 
do not have provision for manual operation. 

In this group are the RCA RP 178, Garrard 
RC 65, Thorens CD 40 and others. Single re-

cords may be played on these changers by 
following the procedure used in automatic oper-
ation. 

On record changer models that include manual 
operation, the normal procedure is as follows: 

1. Make certain the mechanism is out of cycle and the 
pickup arm is on the rest. 

2. Lift and turn selector arm as for unloading records. 

3. Place record on the turntable. 
4. Move control knob to "Manual" position. 

5. Place the pickup at the start of the record. 
6. At the end of the record, lift the pickup arm and 

place it on the rest position. 

In many changers the power is automatically 
shut off when the pickup arm is in the rest posi-

tion. For others, however, the control knob 
must be turned to the "off" position to remove 
the power. 



15-20 
TELEVISION SERVICING COURSE, LESSON 15 

Operating Precautions. — Many customers 

simply do not realize that there are certain things 

which should not be done in operating changers. 

It is up to you to point out these facts to the 

customer, to avoid needless damage to the changer, 

and resulting extra service calls. The following 

should be brought to the customer's attention. 

1. Never use force in operating or handling any portion 
of the changer. 

2. Keep the changer away from direct sources of heat, 
which may damage a crystal cartridge. 

3. Do not play cracked or chipped records, which can 
damage the sapphire needle 

4. Warped records may produce erratic operation. 

5. Do not leave records on the changer when not play-
ing. This may cause warping. 

6. Do not handle the pickup arm when the changer is 
in cycle. 

7. Do not attempt to change the record size adjust-
ment while the changer is in cycle. 

8. The customer should not lubricate the changer. 
This will be done by the service man. 

9. In some changers, it may be inadvisable to attempt 
to move the pickup arm horizontally when in rest 
position unless the control knob is in the "Manual" 
position. 

10. Do not leave the mechanism in cycle with the 
power off for an extended period of time. 

When the customer has been properly instructed 

in the foregoing procedures and cautions, this will 

result in more satisfactory performance and fewer 

troubles and service calls. A few minutes spent 

at the time of installation may result in hours 

saved later. 

78 RPM RECORD CHANGERS 

15-7. The 78 rpm changers used in most re-
ceivers can be considered in two classes. The 

first type uses knife blades for record separation. 

As an example of this, the RCA Model RP 176 
will be described here. The second type of record 

selection employs a pusher arm to push the bottom 

record off the center spindle. The RCA Model RP 

178 and 960001 series, to be described below, 

are typical examples. 

Model RP 176. — This changer which is 

shown in the photograph in Fig. 15-35 is a 

two post support changer, employing knife blades 
for record selection. It is designed to play 

automatically a series of twelve 10 inch or 

ten 12 inch records of the standard 78 rpm 

type. The two sizes may not be intermixed. 

The changer shuts off automatically after the 

last record has been played. Eccentric tripping 

is employed, and this operates iñ a manner 
previously described. A safety clutch is provided 

which prevents damage to the changer in case 

of a jam due to a defective record. 

Fig. 15-35 

Adjustments. — There are several adjustments 
which may be set to provide proper operation of 

the changer. These are listed as follows: 

1. Landing adjustments for 10 and 12 inch records. 

2. Pickup arm height adjustments. 

3. Record shelf timing. 
4. Record post spacing. 

5. Segment-cam radial position. 

6. General mechanism timing. 

The installation man should check to see if 

these adjustments are correct. 

The details of these adjustments are described 

in the service data manual for the Model RP 

176 record changer, to which you can refer when 

necessary. If the pickup arm does not land cor-

rectly on 10 and 12 inch records there are separate 

adjustments that can be made. The pickup arm 

height adjustment can be made with the changer 

in cycle and out of cycle. If the records do not 

drop at the proper time, you will have to adjust 

the record shelf timing. Should the records strike 

the separator post while falling, or fail to stay 

on the record shelf, the spacing between the re-
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cord posts will have to be adjusted. If the pickup 

arm continues to repeat playing of the top record, 
or if it jams when part way in, the segment cam 

requires adjustment. As a final possible trouble, 

if the changer has a tendency to jam, and is 
generally erratic in operation, the changer me-

chanism will require a timing adjustment. 

Remember, though, that some of these troubles 
can be the fault of the records, if they are not in 
good condition with the required run-in and starting 

grooves. 

Model RP 178. — This is a spindle support 
changer, utilizing a step on the spindle for record 
selection. A "pusher" side post pushes the 
bottom record off the step, as described in Sec-

tion 15-2. A photograph of this changer is shown 

here: 

Fig. 15-36 

The changer will play automatically a series 
of twelve 10 inch or ten 12 inch standard records 
of the 78 rpm type. It will not intermix. Tripping 

is accomplished by the eccentric, ratchet and 
pawl system. A crystal pickup is utilized, em-

ploying a low noise; long-life, sapphire point 
needle. This changer does not shut off auto-
matically after the last record. 

Adjustments. — The following adjustments may 
be required to insure proper operation of the 

changer. 
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1. Pickup landing adjustment. 

2. Pickup arm height adjustment. 

3. Record push cam and gear assembly adjustment. 

The installation man should check to see if 
these adjustments are correct. 

If the pickup arm does not land properly, there 
is a set screw adjustment to correct this. Separate 
landing adjustments for 10 inch and 12 inch 

records are not required. As with the RP 176 re-
cord changer, the pickup arm height adjustment is 

made with the changer out of cycle, and then in 
cycle. If the changer will not complete the cycle, 
the record push cam and gear assembly adjust-

ment may be required. How to make these adjust-
ments is described in the Manufacturer's service 
manuals. 

The 960001 Series. — This changer is a two 

post support type, utilizing knife blades for the 

selection of records. It is designed to play auto-
matically a series of twelve 10 inch or ten 12 
inch records of the standard 78 rpm type. It will 

not intermix. The pickup employes a light weight, 
low noise, crystal cartridge equipped with a 

sapphire point. A combination tripping system is 
used consisting of position and eccentric trip. 
One of these trips is set off first depending upon 

the record characteristics. This assures tripping 
on all types of records. A muting switch is pro-
vided which shorts out the pickup during the 
the change cycle. This prevents cycling noises 
from being heard. Models 960001-2, 960001-3 and 

960001-4,have an additional muting switch which 
shorts out the pickup while the pickup arm is in 
the rest position, which is the only difference 

between these and Model 960001. A photo of this 

changer is shown in Fig. 15-37. 

Adjustments. — The following adjustments may 
be required for correct operation of this changer. 

1. Pickup landing adjustment. 

2. Tone arm height adjustment. 

3. Tripping adjustment. 

4. Pickup pressure adjustment. 

As before, the installation man should check 
to see if these adjustments are correct. 

If the pickup arm does not land properly this is 
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Fig. 15-37 

adjusted for a 10 inch record, the landing for 12 
inch records is automatically adjusted when the 

10 inch landing is correct. The pickup arm height 
adjustment must be made with the changer in 

cycle and out of cycle. Although two tripping 

systems are employed, the eccentric trip is auto-
matically set when the position trip is adjusted 

properly. This should be set to operate when the 

sapphire is approximately 1-5/8 inches from the 
outer edge of the spindle. The amount of pressure 
of che pickup arm should be adjusted for 1 to l'/4 

ounces in Model 960001-2, and 11/2 to 13% ounces in 

Models 960001 and 960001-3. The details of how 
to make these adjustments are described in the 

Manufacturer's service manuals for each changer. 

78 RPM INTERMIX RECORD CHANGERS 

15-8. — Two other 78rpm changers in common use 
are the Garrard RC 65 and the Thorens CD 40. 
These changers are each equipped with a high 
quality variable reluctance type pickup, and 

each will play 10 and 12 inch 78 rpm records 
intermixed in any order. In addition, the Thorens 
has special "pause" and "repeat" actions. 

Garrard RC 65. — This is a spindle support 

changer with a step on the spindle used for record 
selection. A "pusher" side post pushes the re-

cord off the step onto the turntable at the proper 

time in the change cycle. A photograph of the 
changer is shown here. 

Fig. 15-38 

This changer will play automatically, a series 
of ten 10 inch or eight 12 inch records of the 

standard 78 rpm type. It will play a series of 
eight records intermixed in any order, automati-

cally. Velocity trip is used, and the changer shuts 
off automatically upon completion of the last re-

cord. The pickup arm is equipped with a light-
weight high-quality variable reluctance type pick-
up with a long life sapphire point. The motor is 
equipped with a variablé speed adjustment. 

Turntable Speed. — The speed of the turntable 

Fig. 15-39 

STROBOSCOPE 
OUTSIDE SEGMENTS- sav, 
INSIDE SEGMENTS -MEE MAW 
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is most easily checked by means of a strobo-
scopic disk. A picture of such a disk is shown 

here in Fig. 15-39. 

This particular disk has segments for check-

ing both 78 rpm and 33-1/3 rpm records. For this 
changer we are interested only in the inside seg-
ments since the turntable speed should be 78 rpm. 

The following procedure should be used in 
checking and adjusting turntable speed. Place a 

10 or 12 inch record in the turntable and place 
the disk on top of the record. A special light 
source is required. An ordinary filament lamp 
stays bright continuously, even when lit by 60-
cycle alternating current. A neon lamp or a single 

fluorescent lamp, however, flashes on and off at 
twice the power line frequency. The interrup-

tions of light are not noticeable to the eye, but 
are essential for the operation of the strobo-

scopic disc. The light should shine directly upon 

the disc segments. Put the turntable in motion, 
turn on the light and observe the relative motion 

of the inside (in this case) segments. If the turn-
table speed is exactly right, the inner segments 

will appear to be stationary. If the segments are 

moving backwards (counter-clockwise) the turn-

table speed is toolow. If the segments are moving 
forward, the turntable speed is too high. Adjust 
the variable speed control (if necessary) until the 

segments appear stationary. When this occurs, the 
turntable is running at the proper speed. 

Thorens CD 40. — This changer is a single 

speed 78 rpm, intermix type. A photo is shown 
here: 

Fig. 15-40 
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It is a spindle support changer. A step on the 

spindle is used for record selection and a pusher 
arm is used to push the record off the spindle 

onto the turntable. The changer is designed to 
play automatically a series of ten 10 inch or 
eight 12 inch records of the standard 78 rpm type. 
You may also intermix a series of eight 10 and 12 

inch records in any order. A light-weight, high-
quality variable reluctance pickup is provided. 

This is equipped with a long life sapphire point. 
The mechanism utilizes velocity trip, and auto-
matically shuts off at the conclusion of the last 
record. A variable speed control is provided at 
the top of the motor board. The correct operating 
turntable speed may be found by the use of a 
stroboscopic disc as previously described. 

You will find two features in this changer 
which are not ordinarily encountered in other 

changers. These are: ( 1) a repeat action; and (2) 

a pause action. The repeat action makes it possi-
ble to repeat any record being played. The pause 
action automatically provides a 2/2 minute pause 
after each selection. 

TWO-SPEED RECORD CHANGERS 

15-9. In order to accomodate all three record 
speeds, some receivers are equipped with two 
separate changers. One is the 45 rpm changer 
and the other is a two-speed changer. The 

two-speed changer is designed to play auto-

matically either the standard 78 rpm records or 
the 33-1/3 rpm fine groove records. These two-
speed changers differ from conventional single 

speed changers in two major respects. The first 
is the addition of a speed changing mechanism 

to change from 78 to 33-1/3 rpm. A dual stylus 
cartridge is also supplied to accomodate the 
difference in groove widths between the two types 

of records. 

Speed Changing Mechanism. — As a typical 
example, let us examine the speed changing me-

chanism of the Model 960282-1 changer. The 

method of speed changing is illustrated in Fig. 
15-41. 

As you can see in the drawings, the motor 
ghaft is thin at the top and thick lower down. 
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LARGE SHAFT FOR 
78 RPM 

Fig. 15-41 (a) 

Speed changing is accomplished by raising or 

lowering the rubber tired idler wheel on the dual 
diameter motor shaft. The motor shaft proper does 
not move vertically. To operate at 78 rpm, the 

idler wheel is moved to the down position by 

rotating the speed control knob to " 78". This 

causes the idler wheel to engage the large dia-

meter section of the motor shaft as shown in Fig. 
15-41 (a). When the speed control knob is rotated 

to the " 33-1/3" position the idler wheel is raised 
so that it now engages the small diameter portion 
of the motor shaft. This causes a reduction in 
speed of the idler wheel . which in turn creates a 
reduction of the turntable speed to 33-1/3 rpm. 
Other changers may use slightly different schemes 

to change speed, but in general will be similar in 
principle. 

Dual Stylus. — We learned in the earlier part 
of this lesson that standard groove and fine groove 

records require styli of different diameters. In 

order to make use of a permanent type stylus 
without resorting to needle changing for each 
speed, a crystal cartridge equipped with a dual 

stylus is usually supplied. The construction of 

such a dual stylus is illustrated here: 

ROTATE TO CANGE STYLUS SIZE 

Fig. 15-42 

Fig. 15-41 ( b) 

SMALL SHAFT FOR 
33} RPM 

In order to change the stylus, it is only neces-

to rotate the knob as shown until you read the 
desired speed on top. Aside from the features of 

speed change and a dual stylus, you will find 
two-speed changers to be very similar to con-

ventional changers previously discussed. 

Model 960282-1. — This is a spindle support 
changer, using a step on the spindle for record 
selection and a side post pusher to cause the re-
cords to drop onto the turntable. A photo of the 
changer is shown here: 

Fig. 15-43 

This record changer is designed to play auto-
matically a series of twelve 10 inch, or ten 12 

inch records of the standard 78 rpm type or of the 
long playing 33-1/3 rpm " microgroove" type. The 
pickup arm is equipped with a light-weight, dual 

stylus crystal cartridge. Two needles (styli) are 
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required, since as we previously mentioned, the 

needle required for playing microgroove records 
is considerably narrower than for conventional 
records. Proper needle selection is easily ac-

complished by turning a small knob at the front of 
the pickup arm. This changer uses velocity trip. 

Adjustments. — The following adjustments may 

be required to insure correct operation of this 

changer: 

1. Pickup landing adjustment 

2. Adjustment of push-off slides 

3. Lock-out lever stop adjustment 

4. Support post position adjustment 

5. Trip arm friction clutch adjustment 

In the event that the pickup arm fails to land 

properly for either 10 or 12 inch records, there 

are individual adjustments which may be reset. If 

the records do not separate easily, a screw ad-

justment of the push-off slides may be changed. 

The lock out lever stop will cause jamming of the 
mechanism if improperly adjusted. The position 

of the support post may have to be readjusted if 

the records do not separate properly. If the pick-
up jumps grooves or if premature wear of the re-

cord side walls is noted, it may be caused by 

improper setting of the trip arm friction clutch. 

No detailed description of these adjustments 

is given here, since these are readily available 

in the Service Data manuals. 

Model 960285-1. — This is also a spindle 

support changer, with a step on the spindle for 
record selection. This changer is rather unique, 
in that the mechanism which pushes the bottom 

record off the step is built into the spindle. There 
is no side pusher post, but a long record support 
arm is provided to stabilize the records on the 

spindle. A photo of the changer is shown in Fig. 

15-44. 

This changer is a two-speed type (78 and 
33-1/3 rpm). It is designed to play automatically, 

a series of twelve 10 inch or ten 12 inch records 
at either speed. A series of ten intermixed re-
cords ( 10 and 12 inch) may also be played at 

either speed. Any particular series of records 
must, of course, be all for the same speed. The 

pickup arm is equipped with a light weight dual 

Fig. 15-45 
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stylus pickup cartridge. The proper stylus can be 
easily selected by turning a small knob at the 
front of the tone arm.' Velocity tripping is used. 

Fig. 15-44 

Adjustments. — The following adjustments may 

be required for correct operation of this changer: 

1. Pickup landing adjustment 

2. Pickup arm height adjustment 

We will now describe the procedure for making 

these two adjustments since they must be made 
by the installation man. The location of the vari-

ous adjustments may be seen here: 

HEIGHT ADJUSTMENT SCREW 70 

MUST REMAIN LATCHED 

This view shows the pickup arm lifted up in 

the vertical position. 

Exact Landing Adjustment. — First remove 
power from the changer and place a 10 inch record 
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on the turntable. Turn the function knob to "re-

ject", and release it. Now rotate the turntable by 

hand until the pickup is just about to land. If the 

pickup is landing too far out from the record, 

loosen set screw "A" a few turns and tighten set 

screw "B" until correct landing is achieved. If 

the pickup is landing too far into the record, 

loosen set screw " B" a few turns and tighten set 

screw "A". Adjust until correct landing is 

achieved. 

Pickup Arm Height Adjustment. — The under 
side of the pickup arm should normally clear 

above the pickup rest by 1/8 to 3/16 inch during 

the change cycle. If this is not correct, adjust 

screw(76)for proper clearance. 

THREE-SPEED RECORD CHANGERS 

15-10. In order to handle all three record 

speeds and conserve space, many receivers are 

equipped with a single changer capable of playing 

any of the three types of records. It is very 

similar to the two speed changers in that a dual 

stylus cartridge is used to accomodate the con-

ventional and fine groove records. These changers 

must also have a speed changing mechanism to 

select the desired speed. They differ from the 

two-speed changers in that the turntable can 

turn at the speed of 45 rpm, as well as 33-1/3 

and 78 rpm. 

An adapter plug must be used for the large 

center-hole 7 inch record. This adapter fits 

tightly inside the large center-hole of the 45 

rpm record. It is a flat round disk with a small 
center-hole having the same diameter as a con-

ventional 10 inch 78 rpm record. 

Speed Changing Mechanism. — Practically all 

three-speed changers use three different sized 

drive wheels. Operating on any one speed, 

one particular drive wheel is held against the 

rotating motor shaft and the idler wheel. The 

motor shaft will turn the drive wheel, and this 

motion is transferred to the turntable through 

the idler wheel. Switching to another speed con-

sists of physically changing the position of the 

three drive wheels so that a different sizeddrive 

wheel is now held against the motor shaft and 

idler wheel. Two typical examples of this type 

of changer are the Webster Model 346 and the 

V-M Model 950. 

Webster Model 346. — This is a single-post, 

spindle support changer. The record stack is 

supported by a step on the spindle, and a push-off 

blade on the side post causes the bottom record 

to drop to the turntable. A photo of this changer 

is shown here. 

SPINDLE 

SPINDLE STEP 

tURNTAINE 

RECORD SHELF CONTROL KNOX 
r RECORD SHELF 

RECORD SHELF 

RECORD WEIGHT 

INDEX 

ADJUSTMENT 

/\tiV7 1/ . 

411I 
MIX& AIG1 

IeJ - 

gle11111411;bp 14e \' r n REST owt. ARm BRACKET 

MCKIM ARM REST 

411111114.‘ 

SPEED 
SELECTOR 
LEVER 

TAHOE. NEEDLE 
TIP SELECTOR 

N 
SETDOWN PAD 

REJECT-MANUAL 
CONTROL 

Fig. 15-46. Webster Mode1346three-speed record changer. 

This changer will play automatically a 1 

inch stack of 7 in., 10 in., or 12 in. records at 

speeds of 33-1/3, 45 or 78 rpm. The cartridge 
must be pivoted to the standard position, marked 

"Std." for all 78 RPM records and to the position 

marked, "Micro" for the fine groove, slower 

speed records, which includes both 45 rpm and 

33 -1/3 rpm records. Velocity trip is used for 
automatic operation. 

The pick-up arm returns to the rest position 

after the last 10 or 12 inch record has played. 
This is not true for the last 7 inch record, which 

keeps repeating its play. In all cases the turntable 

keeps rotating and must be shut off manually. 

In the " off" position the drive wheels and the 

idler wheel are disengaged from each other and 

from the motor shaft. This minimizes the possi-

bility of the rubber tires developing a flat spot. 

Non-standard sized records can be played 

individually by pushing the "Reject- Manual" 

lever to manual. To play 7 inch records an extra 

7 inch record shelf on the side-post must be 

placed in position. 
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Adjustments. — The following adjustments, 

which may be necessary for correct operation of 

the changer, are explained in detail in the manu-

facturer's service notes. 

1. Pick-up arm height adjustment 

2. Set-down or landing adjustment 

3. Push-off blade adjustment 

V-M Model 950. — This is a spindle-support 

changer having no side-post. A long record 

support arm is provided to stabilize the record 

stack on the spindle, as shown here: 

Fig. 14-47. VM Model 950 three-speed record changer. 
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This changer will play automatically ten 12 in. 

twelve 10 in. or twelve 7 in. records. Intermixing 

of the 10 inch and 12 inchrecords at either 33-1/3 

or 78 rpm can be done es long as all the records 
in the stack require the same speed. The pick-up 

arm, as in all multiple speed changers, has a 

dual stylus. The large center-hole records must, 

of course, have adapter plugs inserted in the 

records. 

The mechanism that pushes the bottom record 

off the step is built into the spindle. Velocity 

trip is used, and the changer shuts off after 

the last record has been played. Single, non-

standard size records may be played manually. 

Adjustments. — The following adjustments 

may be necessary for correct operation of the 

changer. 

1. Pick-up arm height adjustment. 

2. Pick-up arm set-down point 

3. Pick-up arm weight (needle pressure) 

These are explained in detail in the manu-

facturers' service notes. 

CHANGER 

MODEL 

SPEED 

RPM 

TRIPPING 

METHOD 

TYPE OF 

RECORD 

SUPPORT CARTRIDGE INTERMIX? 

SHUT OFF 

AUTOMAT!- 

CA LLY? 

TURNTABLE 

SPEED 

CONTROL? 

RCA RP 1 68 45 Position Spindle Crystal No No No 

RCA RP 1 76 78 Eccentric Two-Post Crystal No Yes No 

RCA RP 177 78 Eccentric Two-Post Crystal No Yes No 

RCA RP 178 78 Eccentric Spindle Crystal No No No 

l{CA 960001 78 Eccentric& Two-Post Crystal No Yes No 
Position 

Garrard RC 65 78 Velocity Spindle Variable Yes Yes Yes 
Reluctance 

Thorens CD 40 78 Velocity Spindle Variable Yes Yes Yes 
Reluctance 

RCA 960282-1 78-33-1/3 Velocity Spindle Crystal 
dual-stylus 

No No Two-speed 
Knob 

RCA 960285-1 78-33-1/3 Velocity Spindle Crystal 
dual-stylus 

Yes Yes Two-speed 
Knob 

Webster 346 334/3,45,78 Velocity Spindle Crystal 
dual-stylus 

No No Thl(er7osteeed 

VM 950 33-1/3, 45, 78 Velocity Spindle Crystal 
dual- stylus 

Yes Yes Three-speed 
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1 LESSON 16 

D-C ELECTRICITY 
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letictem 16 

INTRODUCTION 

16-1. This lesson marks a milestone of sorts 
in the Course. Up to now, we have been concerned 
primarily with putting over as much detailed in-
formation as possible on how to install tele-
vision receivers and antennas. Some of this 
required that certain physical facts be stated — 
such as that filter condensers can retain a 
dangerously high charge, or that television waves 
are reflected by large buildings. But we haven't 
tried to explain why these facts were so. It 
wasn't necessary. But from now on, we're going 
to deal with specific circuits and their behavior. 
And to understand their behavior, we'll have to 
have a clear understanding at every point of why 
they work the way they do. 

Two Ways to Understanding. — At this point, 
many of you are going to start raising objections 
You will think of Joe Doakes, one of the finest 
television service technicians in the business, 
who insists that he doesn't need any "theory" to 
fix television receivers. Maybe so. But we'll lay 
dollars to doughnuts that one of two things is 
true about Joe. Either he has learned and for-
gotten more "theory" than many design engineers, 
or he has spent so many years fixing radios that 
he has absorbed his theory "through the pores of 
his skin" without even realizing it. By experi-
ence, he has learned that certain circuits behave 
in a certain way, and even though he has never 
formulated in words the principle of why they do 
so, his experience enables him to predict the be-
havior of a new circuit because he recognizes it 
as being just like some similar circuit that he 
remembers. 

The trouble is, that kind of experience takes 
years to acquire. Fortunately, there's a quicker 
way to get the understanding we need. No matter 
how complicated a circuit is, it consists of re-
latively simple components — resistors, conden-

sers, vacuum tubes, and such. While there are 
thousands of possible circuits, there are only a 
handful of different kinds of components. Each of 
these components behaves in an entirely pre-
dictable manner, according to definite principles, 

or "laws". If we really know and understand how 
each component behaves under a prescribed set 
of circumstances, we can predict how any circuit 
behaves, and why. Learning these basic princi-
ples takes a lot less time than getting acquainted 
with thousands of circuits individually. 

Kinds of Circuit Components.—There are only 
four main groups or kinds of components that we 
have to study. They are: ( 1) resistors, ( 2) coils, 
(3) condensers, and (4) vacuum tubes. These will 
cover 99-44/100 % of the components we will en-
counter in television receivers. In this and the 
next three lessons, we'll study these four kinds 
of components one at a time — or more or less so. 
We'll concentrate on their electrical characteris-
tics, without bothering too much with their physi-
cal appearance, and the minor differences between 
members of the same group. That will corne 
later on, when we make an intensive study of 
the TV receiver chassis, as a final preliminary 
to explaining the various circuit sections and how 
to service them. 

One final word before we get down to business. 
As we study one basic principle after another, 
we'll tie it up as directly as possible with actual 
TV receiver circuits. But that won't always be 
possible, because most receiver circuits involve 
several different principles, often including some 
that we haven't reached at a particular point in 
the course. Consequently, it may often seem that 
we're getting pretty far afield from " practical" 
circuits. But we assure you, every point we take 
up will have a direct bearing on actual circuit 
operation when we get to it. 

Now it is time to get down to business. And 
the most basic place to start is to try to get a 
clear idea of just what this electricity is. 

WHAT IS ELECTRICITY? 

16-2. You can't work around any kind of elec-
trical shop without hearing a lot about "current" 
and "voltage", and "ohms" and " watts". These 
are some of the most frequently encountered elec-
trical terms and quantities. Perhaps for that rea-
son, many textbooks on electrical fundamentals 
start by explaining the meaning of these terms. 
They often do it by comparing an electric circuit 

to a plumbing system. Current, they tell you, is 
like the water flowing through the pipes, and 
voltage like the electrical pressure that pushes 
it around. 



What Is Electricity? 

The analogy is convenient, and we'll make use 
of it. But it isn't the whole story, and can lead 
to some wrong ideas if we're not careful. Let's 
not kid ourselves — the circuits in a TV receiver 
are a bit more complicated than a plumbing sys-
tem, and if we don't pin down their behavior in 
terms of electricity, not water, we're very likely 
to get lost. 

Electrical Charge. — Several thousand years 
ago, somebody discovered that small pieces of 
certain materials were attracted to other sub-
stances, under special circumstances. For in-
stance, when a rod made of amber (a sort of 
petrified sap) was rubbed with fur, it would 
actually make small bits of paper jump short dis-
tances and stick to it. There was, in other words, 
a force tending to pull the two bodies together. 
This force was unlike that of gravity, and ap-
parently differed fundamentally from any kind of 
force then known. 

It took centuries of investigation and thinking 
to arrive at an explanation of this unique force. 
It was recognized that the two bodies involved 
had somehow acquired a new property, which was 
called electrical charge. (The Greek word for 
amber was elektron, which was taken over to 
describe the phenomena we know as electrical.) 

It was also found that a definite quantitative 
relationship existed. The magnitude of the force 
increased as the charge on either body was in-
creased, and diminished as the bodies were moved 
further apart. 

The new idea in this relationship is not the 
force, but the peculiar property we have called 
electrical charge. Charge is the fundamental 
quantity in all electrical phenomena; everything 
else traces back to it. That being the case, let's 
examine it more carefully, in the light of more 
recent scientific thought. 

Structure of Matter. — All matter is composed 
of extremely small particles called molecules. 
Molecules, in turn, are composed of still smaller 
particles called atoms. A molecule may consist of 
from two to several thousand atoms, depending 
on the substance. 

There are different kinds of atoms — as many 
kinds as there are chemical elements. An element 
is a special kind of substance that cannot be 
formed by ordinary chemical combination of other 
substances. Elements, on the contrary, combine 
chemically with each other to form more complex 
substances called compounds. There are less 
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than 100 known elements occurring in nature. All 
of the millions of possible compounds are formed 
by combinations, in varying proportions, of two 
or more of these elements. The atom is the small-
est particle of an element that retains the chemi-

cal properties of the element. 
An atom may be visualized as a miniature solar 

system. Like the solar system, it is mostly empty 
space. It consists of an almost infinitesimally 
tiny solid nucleus, around which one or more even 
smaller particles revolve in orbits, muçh as the 
planets revolve about the sun. Also, the dis-
tances between the particles are as great, rela-
tive to the size of the particles, as those between 
the planets. These smallest particles are elec-
trons. They are held in their tiny orbits by forces 
of electrical attraction. Each electron is the small-
est charged particle recognized by science. To 
give you some idea of its size, it would take more 
than 450,000,000,000,000,000,000,000,000,000 to 
weigh one pound! 

Properties of Electrons. — Electrons are all 
alike. They have the sarne mass and dimensions, 
and carry the same amount of charge. The number 
of electrons revolving about an atomic nucleus is 
what distinguishes an atom of one element from 
an atom of some other element. The hydrogen 
atom has one electron, copper has 29, and uranium 

has 238. 

Let us return for a moment to the early study 
of electrical charges. It was observed that sub-
stances could apparently become charged in two 
different ways. The force between bodies charged 
the same way was one of repulsion, while the 
force between bodies charged differently was one 
of attraction. To distinguish these two "kinds" 
of charge, it was decided to call one kind pos 
tive, and the other negative. 

The force between an atomic nucleus and its 
electrons is one of attraction. They must, there-
fore, be charged oppositely. The charge of each 
electron is negative; the charge of the nucleus is 
positive, and equal in magnitude to the sum of 
the charges of all the electrons in the atom. Since 
the positive and negative charges within the atom 
exactly balance each other, the atom as a whole 
is said to be electrically neutralas far as outside 
bodies are concerned. 

We stated above that all electrons are alike in 
size and charge. They .differ, however, in the 
strength of the force that holds them in their orbits 
about the nucleus. The electrons closest to the 
nucleus are tightly bound, and never escape from 
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the particular nucleus with which they are associ-
ated. The outermost electrons, however, are more 
loosely held. When the atoms of a piece of sub-
stance are close to each other (as they are in 
solids), these outer electrons experience forces 
of attraction by more than one nucleus, and can 
meander through the substance, swinging from 
one atom to the next, much like the girls in a 
square dance set. 

Charged and Neutral Bodies. — Since each 
atom has equal positive and negative charges, 
the same is true of a large collection of atoms. 
A solid body is merely a large collection of 
atoms arranged in a certain way. Even though 
some electrons have wandered off base, so to 
speak, the total number of positive and negative 
charges is unchanged, and still equal, so the 
body is electrically neutral. 

If somehow we upset this balance by adding 
more electrons, the body has a surplus of nega-
tive charges, and is therefore itself negatively 
charged. On the other hand, if some of the wander-
ing electrons in the body are removed, there is a 
surplus of positive charges, unbalanced by nega-
uve charges, and the body is positively charged. 
To summarize, a body is negatively charged if it 
has a surplus of electrons, and positively charged 
if it has a shortage of electrons. This last state-
ment applies to any body of atomic size or larger. 
It does not apply to the electron itself. An elec-
tron cannot lose its charge, or acquire more 
charge. Charge is a property of electrons. The 
charge and mass of an electron are inseparable. 
They are, in fact, two properties of the same 
thing. What all this adds up to is that, so far as 
we are concerned, electrons ARE electricity. 

Electric Field. — Now let's turn our attention 
to the idea of a field. Suppose there are two op-
positely charged bodies, fixed in space so they 
can't move. They are, of course, attracted to each 
other. But now suppose we bring near them a 
single electron, whose charge is much smaller 
than the charge on either of the charged bodies. 
The electron will be repelled by the negatively 
charged body, and attracted by the positively 
charged body. The net resultant of these two 
forces is a force experienced by the electron in 
the direction shown by the arrow in Fig. 16-1. 

60: Oje 
Fig. 16-1 

If we could put the electron at other points 
near Qi and Q2, it would experience a force in 
each place, having a definite magnitude and dir-
ection, represented by arrows like this: 

Fig. 16-2 

Now let's remove the electron, and ask our-
selves a silly question. With no electron to feel 
the force, is the force still there? This is a little 
like the old gag: If a tree falls in the forest with 
nobody around to hear it, does it make a noise? 
In the case of our force, however, the answer has 
practical importance. Our answer is yes — the 
force is there, and all we would need to detect 
it is to introduce an electron, or any other charged 
body, into the space surrounding Qi and Q2 to 
experience the force. 

We say that the region surrounding Qi and Q 2 

is a field of force, which can exert its force on 
any suitable object that comes within it. In this 
case, the field is called an electric field, which 
we can define as a region of space in which a 
force exists, which can be experienced by any 
charged body entering the region. Strictly speak-
ing, the field consists of the condition of the 
region of space, whereby forces are distributed 
throughout its extent, rather than of the space 
itself. But since this distribution of force can-
not very well exist apart from space, there 
should be no great confusion caused by defining 
the field as we have. 

Note that the existence of the field depends 
on the existence of Qi and Q2. But it is conven-
ient to think of the electric field independently. 
We can even draw a "map" of the field, by draw-
ing lines between Q, and Q, such that at every 
point they show the direction of the force the field 
would exert on a charged body, as in Fig. 1G-3. 

By convention, the direction of these Lines 
(called field lines, or lines of force, or lines of 
electric flux) is from the positive to the negative 

charged body. They thus indicate the direction 
of the force that would be felt by a positive 
charge. An electron is a negatively charged parti-
cle, so the force on it would be opposite — toward 
the positively charged O. 



Current as Charge in Motion 

Fig. 16-3 

The field lines that seem to be wandering off 
into space are doing exactly that — except that 
they all return and terminate on a negative charge. 
Theoretically, the field extends out to infinity, 
so some of the lines must go there too. Also 
theoretically, there are exactly as many positive 
charges in the entire universe as there are ne-
gative charges. Therefore all electric field lines 
must originate on a positive charge and terminate 
on a negative charge, though not necessarily on 
the nearest one. 

The strength of the electric field at any point 
is defined as the amount of force exerted by the 
field on a unit charge. A unit charge is merely 
some quantity of charge that is arbitrarily adopted 
as a convenient measure. In the practical system 
of electrical units, the unit of charge is called a 
coulomb, and is equal to the charge of,about 
6,000,000,000,000,000,000 electrons. 

Theoretically, the electric field set up by any 
two charged bodies extends out to infinity in all 
directions. But a short distance from them, the 
force would be so weak as to be negligible, and 
in practical applications of electric fields, only 
the region between or near the two charges need 
be considered. ( An exception is an electric field 
whose strength is changing rapidly. But this 
comes under the topic of radiation of electromag-
netic waves, which we'll defer until Lesson 21.) 

Potential Difference. We are now ready for 
another idea — that of potential difference. Re-
turn to the field between Qi and Q2, and consider 
that we have a unit positive charge(which we call 
q) at point A, as in Fig. 16-4. 

We now push q to point B. We have to push it 
against the force of the field, and this requires 
energy. Energy is merely force in action, and is 
equal to the force multiplied by the distance 
through which it acts. No matter by ehat path we 

Fig. 16-4 
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move our unit charge from point A to point B, the 
amount of energy expended is the same. We call 
this energy the potential difference between 
points A and B, and we express its magnitude in 
volts. Voltage then, is a measure of the energy 
required to move a unit charge between two points 
in an electric field. 

In practice, however, we generally think of a 
volt as the measure of the potential difference 
between the two points. Thus, we would say that 
"point B is at a potential of so-many volts above 
point A", or that "the potential of B is plus so 
many volts with respect to point A". 

If we let go of our unit charge when it reached 
point B, the force of the field would cause it to 
move to some point at a lower potential — that is, 
nearer Q2. We might conveniently think, therefore, 
of the potential of point B as a kind of electrical 
pressure causing the charge to move. We should 
always remember, however, that actually, the 
potential difference exists because the electric 
field exists; and the field exists only because 
there are two oppositely charged bodies, Q and 
Q. If we think far enough, therefore, the only 
thing that can cause any charge to move is the 
force setup by the presence of some other charge. 

CURRENT AS CHARGE IN MOTION 

16-3. So far, our consideration of çlectrical 
charge has been confined to the conditions pre-
vailing when the charge is standing still. We 
found that charged particles exert forces on each 
other, and on other charged particles that come in 
their vicinity. Now we all know that when a force 
of any kind is applied to a body, the body has to 
move, unless some other equal and opposite force 
prevents it. Electrons — and other charged parti-
cles — are no exception. Whenever there is a 
concerted movement of electrons from one place 
to another, that movement constitutes an electri-
cal current. Current, in other words, is merely 
ckarge in motion. 
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Let us examine under what circumstances 
such a mass migration of electrons can take 
place, and how. We shall consider briefly two 
conditions: ( 1) motion of electrons through a 
vacuum, and ( 2) migration of electrons through 
solid materials, like wires. 

Current in a Vacuum. — Suppose we have two 
metal plates, parallel and close td each other, 
but not touching, thus: 

o; 

0; 

Fig. 16-5 

The plates are oppositely charged as shown— 
that is, there is a surplus of electrons on the lower 
plate, and a shortage of electrons on the upper 
one. The plates are completely surrounded by a 
vacuum. The charges on each plate distribute 
themselves evenly over the surface, so that most 
of the field lines are straight lines pèrpendicu-
lar to the surfaces, as shown. (Incidentally, the 
field would still exist, and there would still be a 
potential difference between the plates, if both 
plates had a surplus of electrons, so long as one 
had more than the other. But it simplifies our 
discussion if we consider oppositely charged 
plates as shown. Besides, this condition is 
closer to that existing in practical circuits.) 

Under ordinary circumstances, the surplus 
electrons on the lower plate will remain on its 
surface. The attraction of the positive charges 
on the other plate is not strong enough to pull 
them free. ( Remember the nuclei of the atoms at 
the surface are pulling the electrons back — and 
they're a lot closer than the charges on the other 
plate, so their attractive force is much greater.) 
But if the lower plate is heated sufficiently, these 
electrons will jump free of the lower plate, into 
the electric field, which will propel them to the 
upper plate. This migration of free electrons con-
stitutes an electric current through a vacuum. 
However, as each electron reaches the positive 

plate, it neutralizes some of the positive charge 
there. As soon as the surplus electrons have all 
escaped from the lower plate, and reached the 
upper one, the current stops. But if we could 
somehow continuously replace the electrons that 
leave the lower plate at the same rate ( and re-
move them from the positive plate), the current 
would continue steadily. This is just about what 
happens in a vacuum tube, as we shall learn in 
Lesson 19. 

Now let us consider what happens in solid 
materials. 

Current in Solid Substances. — We have stated 
that the electrons on a charged plate distribute 
themselves evenly over the surface. This is be-
cause each electron repels each other electron. 
If any two electrons come too close, the force of 
repulsion between them pushes them apart again. 
When billions of electrons do this to each other, 
the result is the even distribution of electrons 
that we mentioned. 

Now consider also a statement we made in 
Sec. 16-2 — that some of the electrons in solid 
materials are free to migrate from one atom to 
another, and do so continually throughout the 
substance. Suppose we have a piece of solid 
material, such as copper, formed into a wire. It 
contains billions of electrons, swinging from 
atom to atom in random motion. This random 
motion is not a current, because on the average 
just as many electrons go in one direction as in 
the opposite direction, and the net migration of 
electrons is zero. And because of the forces be-
tween the electrons, the distribution of electrons 
throughout the wire is more or less uniform, as we 
noted above. 

Now suppose we place a surplus of electrons 
at one end of the wire, and take some away from 
the opposite end, thus: 

motion of electrons 

Fig. 16-6 

The newly added surplus electrons repel the 
"swinging" electrons nearest them, and the 
latter move away down the wire. They crowd the 
electrons just beyond, and they too move away. 
This continues throughout the wire, the electrons 
in each little piece of wire crowding those beyond 
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it, in an effort to re-establish the uniform distri-
bution of electrons throughout the wire. At the 
same time, the positive charges set up by the 
shortage of electrons at the other end, attract the 
electrons nearest them. The result is a concerted 
migration of electrons away from the end to which 
the surplus electrons were added. This concerted 
migration is a current through the wire. 

What happens is very like what might happen 
if you were to line up 15 pool balls in a straight 
line on a pool table, close to each other but not 
quite touching. If you then smack the first ball 
squarely with the cue ball, each ball will travel 
a short distance and crowd its next-door neigh-
bor, until the last ball shoots away from the line. 
The cue ball doesn't gallop down the whole line. 
But the last ball leaves the line almost at the 
instant the cue ball strikes. So with the electrons 
in the wire. Each electron moves through the wire 
comparatively slowly, but the force exerted by 
the surplus electrons we added is felt almost in-
stantaneously throughout the wire, and electrons 
move all along the wire practically simultaneous-
ly. 

Let's reconsider what happens when we add 
electrons to one end of the wire, and take some 
away from the other. One end becomes negative-
ly charged, and the other positively charged. This 
means that a potential difference is established 
between the two ends of the wire, placing the 
positively charged end so-many volts above the 
negative end. This is exactly what happened 
when we set up the field between Oland Q, in 
empty space, as we did in Figs. 16-1 to 16-4. 
But there's a difference. This time, the "swing-
ing" electrons in the wire supply a means by 
which the charges at the ends can be neutralized, 
and these electrons cause a current in trying to 
do so. 

Just as in the case of the plates in Fig. 16-5, 
once the surplus electrons have succeeded in 
pushing the swinging electrons along until uni-
form distribution is achieved, the current stops. 
But again, if we continuously supply more sur-
plus electrons, and drain off the accumulation of 
electrons at the opposite end of the wire, the 
current will continue, always trying to neutralize 
the charges at the end of the wire, but never 
quite succeeding. Then we have a steady direct 
current, or d-c. 

Now let us consider how much current will 
flow — that is, how many electrons we have to 
add each second, and how many will leave the 
other end of the wire. This depends on two 
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things: ( 1) how many surplus electrons we put 
on the wire initially, and ( 2) the material and 
dimensions of the wire. Let's examine the 
second factor first. 

Conductors and Insulators. — Materials differ 
in the number of electrons per atom that are free 
to wander from atom to atom — that is, "swing-
ing" electrons — and in the magnitude of the 

forces that bind these electrons, however loosely, 
to their parent nuclei. The fewer such electrons 
there are, and the tighter they are bound to their 
nuclei, the harder it is to cause them to migrate 
through the material with a given value of electri-
cal force applied. 

Generally speaking, metals contain more and 
freer "swinging" electrons than other materials. 
A given force exerted.by surplus electrons added 
to one end of a metal wire will therefore cause a 
relatively large number of electrons to flow 
through the wire and out the other end. Such ma-
terials are said to be good conductors. Silver is 
the best metallic conductor known, and copper 
is next. 

Materials with few and rather tightly bound 
"swinging" electrons are referred to as insula-
tors-. It takes extremely large electrical forces to 
cause extremely small currents through such 
materials. 

If there were a material such that a surplus 
charge placed on it would distribute itself in-
stantaneously — literally in zero time — that ma-
terial would be a perfect conductor. But there is 
no such material. All materials offer some opposi-
tion to the movement of electrons within them. 
This property is referred to as electrical resis-
tance. We shall discuss it in some detail in Sec. 
16-4. The important thing right here is to note 

that there is no such thing as a perfect conductor 
or a perfect insulator. However, some materials 
are such good conductors that for practical pur-
poses we can usually consider them perfect — 
that is, having zero resistance. And others con-
duct so little current that we can consider them 
as perfect insulators, having infinite resistance. 
Still others are neither very good conductors nor 
very good insulators, and are sometimes referred 
to as resistors. 

Sources of Current Electrons. — In explaining 
what current is, and what causes it, we spoke 
rather glibly of "adding electrons" in a continu-
ous supply to one end of a wire, and draining them 
off at the other, without indicating how this might 
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be accomplished. That is the question we want to 
answer now. 

Note that as soon as we add one surplus elec-
tron to a wire, it will exert a force on the next 
electron we try to add, tending to push it away. 
To overcome this force, it takes energy (just as 
it took energy to give the initial smack to our 
cue ball). A practical device to set up the charge 
at the ends of the' wire must supply both a con-
tinuous stream of electrons, and the energy to 
move them against the field of the electrons al-
ready there. Two kinds of such devices are bat-
teries and generators. 

We all know that energy is indestructible. ( Well 
alright, maybe it is sometimes interchangeable 
with matter. But we're concerned with television, 
not atomic bombs.) Energy can be converted from 
one form to another. Heat, chemical energy, 
electrical energy and mechanical energy are all 
different forms of the same thing, and by the use 
of suitable devices, one can be converted into 
the other. A battery is merely a device that con-
verts chemical energy into electrical energy. A 
generator converts mechanical energy into elec-
trical energy. ( Sometimes the term "generator" 
is applied also to a battery, and we shall occa-
sionally use it in this sense.) 

Potential Difference, Voltage and Emf. — 
Both batteries and generators can furnish a con-
tinuous supply of electrons to one end of our 
wire, and at the same time remove electrons from 
the other end. The generator ( and here we mean 
to include batteries as special kinds of genera-
tors) is equipped with two terminals to which the 
ends of the wire are connected. The generator 
keeps a surplus of electrons at one terminal, and 
a shortage of them at the other. In doing so, 
maintaining an undiminished supply of electrons 
even when current flows through the s‘ ire, it also 

maintains a constant potential difference between 
its terminals. This potential difference is called 
the terminal voltage of the generator. It is, of 
course, also the potential difference between the 
two ends of the wire. 

The voltage developed by a generator supply-
ing a continuous stream of electrons is called an 
electromotive force, usually abbreviated to emf. 
It will be convenient from this point on to think 
of the emf as a sort of electrical pressure caus-
ing the current to flow. We shouldn't forget, 
though, that both the emf and the current exist 
because the generator is a source of both elec-
trons and energy. 

A Simple Electric Circuit. — A generator con-
nected to a wire having resistance is the simplest 
possible electrical circuit. The universally ac-
cepted symbols by which such a circuit can be 
simply represented in a diagram are like this: 

E —Z.7 

-T 

Fig. 16-7 

The long and short parallel lines represent a 
battery, with the long line at the end representing 
its positive terminal. Its emf is represented by 
the letter E. Like potential difference, the 
magnitude of the emf is expressed in volts. 

The zigzag line represents the resistance of 
the wire and anything connected to it. The magni-
tude of this resistance (which we discuss 
further in the next section) is designated by the 
letter R. The lines drawn between the battery 
and the resistance symbol indicate that there is 
a path for the electrons between the two. All of 
the resistance in the circuit, however, is con-
sidered as being included in the quantity repre-
sented by R and the zigzag line; the straight 
connecting lines themselves represent no addi-
tional resistance. 

The fact that a current is flowing is indicated 
by the arrow and the letter /. We have drawn the 
arrow in the direction in which the electrons 
move, toward the positive terminal. 

Relation Between Current and Voltage. — It is 
easy, by means of meters that we shall describe 
later in this lesson, to measure both the terminal 
voltage applied to a circuit, and the current that 
flows through it. It is also easy to adjust the 
terminal voltage so that it is continuously vari-
able from zero to any reasonable value desired. 
If we were to set up such a circuit as that of 
Fig. 16-7, and equip it with a variable voltage 
source and meters for measuring both the voltage 

and the current, we would find that the current 
is proportional to the voltage, or emf. That is, if 
we double the voltage, the current automatically 
doubles — no more, no less. The explanation of 
this fact is simple. 

If our source supplies twice as much energy, 
it will pile up twice as many surplus electrons 
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at one end of the wire initially. They will exert 
twice as much repelling force on the electrons 
already in the wire, and electrons will be pro-
pelled through the wire twice as fast, so that 
twice as many pass any given point in the wire 
each second. At the same time, if the energy 
source is able to supply enough energy continu-
ously to keep twice as many surplus electrons at 
the end of the wire, even while current flows, the 
potential difference, or voltage, between the ends 
of the wire will also be twice as great. Thus, 
the current and the voltage increase at the same 
rate. In practice, as we indicated earlier, it is 
convenient to think of the current increasing be-
cause the voltage increase's. This idea is en-
couraged by the fact that our meters measure 
voltage, not charge. 

Unit of Current. — We defined current qualita-
tively as charge in motion. The unit in which 
current is measured represents so-many electrons 
passing a given point in a circuit each second. 
The unit of current is the ampere. An ampere is 
one coulomb of charge passing a given point 
each second. We have defined a coulomb, the 
practical unit of charge, or quantity of electri-
city. (That is why a given amount of charge is 
usually represented symbolically by the letter 
q, for " quantity".) A coulomb, you recall, is a 
quantity of electricity whose charge is equal to 
that of about 6 x 10' electrons.* All we have to 
remember is that that's a lot of electrons — say a 
bushel of them — and that when that many elec-
trons pass a point in a circuit each second, we 
say that one ampere of current flows. 

An ampere is about twice as much current as 
flows in an ordinary 60-watt lamp in a 120-volt 
circuit. Currents in television receivers may be 
several amperes in the power supply circuits, but 
in individual components, they will often be only 
small fractions of an ampere — a couple of 
hundredths of an ampere or less. For convenience 
in dealing with these very small currents, it is 
customary to express them in milliamperes. The 
prefix milli- means "one one-thousandth" 
(1/1000). Thus a milliampere is 0.001 ampere; 
20 milliamperes is 0.020 ampere, or 2/100 am-
pere. " Milliamperes" is usually abbreviated to 

•6 x 1018 is merely a shorthand way of writing the 
number 6, followed by 18 zeros. This way of writing 
very large or very small numbers is a convenient one 
commonly used by engineers and technicians, and 
greatly facilitates calculations. It is explained fully 
in any good elementary text on the mathematics of 
radio. 

ma. in writing, and sometimes to "mils" in 
speech. 

Even smaller currents are often expressed in 
microamperes. A microampere is a millionth of an 
ampere, or a thousandth of a milliampere. Thus 
1,500 microamperes is the same as 1.5 ma. or 
0.0015 ampere. "Microampere" is abbreviated 
p.a., where the Greek letter (pronounced mu) 
is used for the prefix micro- to distinguish it 
from m for milli-. 

ELECTRICAL RESISTANCE 

16-4. In the preceding section, we stated that 
all materials offer some opposition to the flow of 
electrons through them, and that this opposition 

is called electrical resistance. It is the purpose 

of this section to discuss the property of resis-
tance more thoroughly. To be useful to an en-
gineer, a property of material must be meas 
able, and its magnitude expressible in numerical 
quantities. So our first concern will be with the 
units in which electrical resistance is expressed. 

Unit of Resistance. — The unit of electrical 
resistance is the ohm. A circuit is said to have a 
resistance of one ohm if an emf of one volt causes 
a current of one ampere to flow through the cir-
cuit. 

It follows from this definition of an ohm that if 
the voltage applied to a circuit is two volts, and 
the current is one ampere, the resistance of the 
circuit is two ohms. Generalizing, we can state 
this relationship as follows: 

The resistance of a circuit, in ohms, is equal 
to the applied emf, in volts, divided by the current 
through it, in amperes. This can be stated more 
concisely like this: 

resistance - current 
voltage 

By writing the letter symbols used in Fig. 16-7 
instead of words, we can express it even more 
concisely thus: 

E 
R 

This relationship tells us that if we know, or 
can measure, the voltage across a circuit and the 
current through it, we can calculate the resist-
ance of the circuit. Thus, if we apply an emf of 
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50 volts, and measure 2.5 amperes of current, 
the resistance of the circuit is: 

R =.. L= 20 ohms 
2.5 

The values, or magnitudes, of resistance en-
countered in TV receiver components range from a 
negligibly small fraction of an ohm for the connect-
ing wires, to resistors of several million ohms. 
The numbers involved in expressing these large 
values of resistance get inconveniently large, so 
they are usually expressed in megohms. The 
prefix meg- means million, so a megohm is a 
million ohms. On schematic diagrams, "megohm" 
is often abbreviated to Meg., or less often, just 
M. 

A more frequently encountered abbreviation in 
schematics is K. The prefix kilo- means thou-
sand, and a kilohm is 1000 ohms. The designation 
"50K" on a schematic would stand for 50,000 
ohms. 

Ohm's Law. — If we rearrange the expression 
for resistance given above, in accordance with 
the rules of simple algebra, we can get: 

E 
I R 

In this form, we have a shorthand expression of 
Ohm's law — the most important and most basic 
principle of electric circuits, and at the same time 
perhaps the simplest to understand. So let's 
examine it a little further, and make sure we know 
exactly what it means. 

Ohm's Law, as expressed symbolically above, 
states that the current through any circuit is dir-
ectly proportional to the applied emf, and inverse-
ly proportional to the resistance of the circuit. 
This means that if the emf is doubled, the current 
also doubles; and that if the resistance is 
doubled, the current is cut in half. 

The same expression can be interpreted as a 
concise set of instructions on how to compute 
the current in a circuit, when we know the voltage 
and resistance. It shows that we merely divide 
the emf ( in volts) by the resistance ( in ohms), and 
the quotient is the current, in amperes. Thus, if 
we apply an emf of 120 volts to a circuit whose 
resistance is 80 ohms, the current is found thus: 

E 120 
I =—= — = 1.5 amperes 
R 80 

You have to be careful about the units in using 
this or any other formula. For example, suppose 
the resistance is 0.5 megohm, and the voltage 
1500 volts. Don't overlook that meg- prefix. To 
get a right answer, you have to express the re-
sistance in ohms, thus: 

E 1500  
I =—= R 500,000 - 0.003 amperes 

= 3 ma. 

A third way in which the Ohm's Law relation-
ship can be expressed is 

E = IR 

This states that if we know the value of a resis-
tance, and of the current through it, we can find 
the voltage across it by multiplying the current 
by the resistance. Of course, the units are the 
same as before -- volts, amperes and ohms. For 
instance, if we know that a current of 20 ma. is 
flowing in a cathode bias resistor of 650 ohms, 
we can find the voltage across the resistor thus: 

E = IR = 0.020 x 650 = 13 volts 

Relation of Resistance to Material and Dimen-
sions. — Consider a cross-section through a wire 
or other conductor carrying current, thus: 

Fig. 16-8 

The dots represent electrons moving through 
the wire. It is clear that if we decrease the size 
of the wire, fewer electrons will get through it 
each second, assuming that the applied emf is 
the same. Also, we know that resistance varies 
inversely with current. So by reducing the area 
of the conductor, we have increased its resis-
tance. 

It is also fairly obvious that if a given emf 
has to push electrons through a greater length 
of wire, the resistance of the wire is increased. 

Summarizing, the resistance of a conductor is 
directly proportional to its length, and inversely 
proportional to its cross-sectional area. 

The third important factor influencing the re-
sistance of a wire or other conductor is the 
material of which the conductor is made. As we 
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noted earlier in this lesson, the "swinging" 
electrons in some materials are more numerous 
or more loosely bound than in others, and for this 
reason materials differ in their ability to carry 
current. The more easily current can flow through 
a material, the lower is its resistance. 

The degree to which a material opposes the 
flow of current is called its resistivity. Note that 
resistivity, unlike resistance, does not depend 
on the dimensions of the conductor — it is a pro-
perty of the material only. It is expressed as the 
resistance in ohms of some standard size and 
shape. For wire, resistivity is usually expressed 
in ohms per circular mil-foot. 

A circular mil is a unit of area. It is the area 
of a circle having a diameter of 0.001 inch. A 
circular mil-foot of wire is a piece of wire one 
foot long, whose area is one circular mil ( abbre-
viated CM.), thus: 

Fig. 16-9 

We can now put these three facts together into 
a single formula that expresses the resistance of 
any conductor in terms of its resistivity, length 
and cross-sectional area, thus: 

R = p— 
A 

where / and A represent the length and area, and 
resistivity is represented by the letter p. If p is 
in ohms per circular mil-foot, then / must be in 
feet, and A in circular mils. 

Now let's see how we would use this formula 
to find the resistance of a piece of copper wire 
66 in. long and 0.008 in. in diameter. Tables are 
available, showing the resistivity of various ma-
terials commonly used. A condensed version of 
such a table is given in Table A. We find that 
the resistivity of copper is given as 10.4 ohms 
per C.M.-ft. This is our value of p in the formula. 
Remembering that the length must be in feet, we 
convert 66 in. to feet by dividing by 12, getting 
5.5 ft. What about A? Recall that a circular mil 
is the area of a circle 0.001 in. in diameter. If 
we doubled the diameter, the area would be multi-
plied by four. If we multiplied the diameter by 8, 
the area would be multiplied by 8 x 8, or 64. So 
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the area of the wire in C.M. is found by squaring 
(multiplying by itself) the diameter in thousandths 

of an inch. Since 0.008 in. is 8 thousandths of an 
inch, our value of A is 64 CM. 

A=4C.41. 

o 
1,2242 In. 

Fig. 16-10 

A=64 C.M. 

Putting these values into the formula, and 
performing the multiplication and division indi-
cated, we get 

/ 10.4 x 5.5  
R = p = - .895 ohm 

A 64 

Conducting 
Material 

TABLE A 

Resistivity (in 
ohms per C.M.— 

feet) 

Temperature Coefficient 
of Resistance (per C) 

Silver 9.8 
Copper 10.4 
Aluminum 17.0 
Tungsten 34.0 
Nickel 46.0 
Steel ( soft) 95.1 
Lead 130 
Steel ( hard) 275 
Nichrome 600 
Carbon 2600 to 7500 

0.0038 
0.00382 
0.0039 
0.0045 
0.006 
0.005 
0.0039 
0.0016 
0.0004 
-0.0003 

Temperature Coefficient of Resistance. — Up 
to now, we have purposely ignored one other 
factor that can materially affect the resistance of 
a conductor. That is its temperature. The resis-
tance of most materials increases as the material 
gets hotter. We need not bother with the explana-
tion of why this is so. Under normal conditions, 
this variation of resistance with temperature is 
of negligible importance. But if a resistor in a 
TV receiver gets overheated (as it can do when 
something goes wrong), its resistance can 
change so much as to interfere seriously with 
the proper operation of the circuit. 

The relation between resistance and tempera-
ture is given by this formula: 

R = R, ( 1 + aT) 

R, is he resistance at ordinary room tempera-
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tures, usually taken as 20° Centigrade (same as 
68° Fahrenheit)*. T is the temperature change — 
that is, the difference between the temperature 
under consideration and 20° C. a is a quantity 
called the temperature coefficient of resistance. 
It is a property of the material of the conductor, 
and tells by what fraction the resistivity of the 
material increases with each Centigrade degree 
rise in temperature above 20°. Values of a for 
various materials are also available in tables. A 
few of them are listed in Table A. Finally, R 
is the new resistance of the conductor, when its 
temperature is T degrees Centigrade more than 
20o. 

It is instructive to note that the last material 
listed in Table A — carbon — has a minus sign 
in front of its temperature coefficient. This means 
that it is one of the very few materials whose 
resistance decreases as it gets hotter. 

Now let's try a sample problem in change of 
resistance with temperature. Suppose we have 
a piece of copper wire whose resistance is 
measured at 21 ohms at room temperature (68° F). 
We want to find its resistance at 140° F. The net 
change in temperature is 140 — 68, or 72° F. 
This must be expressed in Centigrade degrees, 
however, since that is the way our table of 
temperature coefficients is set up. A temperature 
change of 72 Fahrenheit degrees is 40 Centi-
grade degrees, so 40 is the value of T in the 
formula. For a value of a, we look in the table, 
and find that for copper, a is 0.00382. Putting 
these values into th.c formula, and doing the 
arithmetic, we get 

R = R1 ( 1 + aT) = 21 ( 1 + 0.00382 x 40) 
= 21 x 1.153 = 24.2ohms 

Note that if we wanted the resistance 40 Centi-
grade degrees below room temperature, the value 
of T would be negative, and the answer would 
then come out to be 17.8 ohms. 

Also, if the problem involved an increase in 
temperature of a carbon resistor, the value of a 

•Temperatures can be easily converted from Fahren-
heit to Centigrade or back again by the use of these 
two formulas: 

9 5 
F =— C + 32 C = — ( F - 32) 

5 9 

If you are interested only in the temperature change, 
then use: 

9 
F = C or A C =— A F 

5 9 

5 

would be negative, and again we would have to 
subtract the product aT from 1 to get the right 
answer. 

Energy Dissipated in a Resistor. — Recall that 
we stated that it requires an expenditure of energy 
to move a charge against an electric field. Con-
versely, if a quantity of charge is moved by a 
field, then the field expends energy. This is 
what happens when electrons move through 
a solid conductor. The energy of the field is ex-
pended in moving them. This is another way of 
saying that when current flows in a wire," the 

energy of the emf source is used up in overcom-
ing the resistance of the wire. 

Now we know that energy cannot be destroyed. 
So what happens to this energy? The answer is 
that it is converted into heat. We shall have more 
to say about this heat when we discuss practical 
resistors. For now, let's concentrate on how this 
energy is measured. 

Electrical Power and Energy. Ordinarily, we 
are more interested in the rate of consumption of 
energy than in the total amount used. The rate of 
using energy is called power. Power, in other 
words, is energy per unit time. The unit of electri-
cal power is the watt. This is the rate of energy 
consumption of one ohm of resistance, through 
which one ampere of current flows. The power 
consumed in any resistance is given by the 
relation: 

P = I2R 

If I is in amperes and R in ohms, then the power, 
P, comes out in watts. Notice that is the 
current through the resistance R. If we knew that 
a certain circuit had a resistance of 100 ohms, 
and carried a current of 0.5 ampere, the power 
consumption of the circuit would be 

P = 12 R = (0.5) 2 X 100 = 0.5 x 0.5 x 100 
= 25 watts 

A watt is a rather small unit to a power en-
gineer, who usually expresses power in kilo-
watts. A kilowatt is 1000 watts. But many elec-
tronic circuits take extremely small power, and 
we may sometimes find it more convenient to 
express power in milliwatts. A milliwatt (as 
you should be able to figure out now) is 0.001 
watt. 
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But suppose we didn't know the resistance, 
but did know both the current and the voltage. 
We could, of course, calculate the resistance by 
Ohm's Law. But an easier method would be to 
use the relation: 

P = El 

This expression, as a matter of fact, can be 
easily derived from the first by substituting Ell 
for the R, and then cancelling one of the Ps. By 
a similar substitution, we could get: 

If we were interested in the total amount of 
energy used in a given time (as we would be if 
we were selling electrical energy, as the light 
companies do), we could compute it by multiply-
ing the rate of power consumption, in watts, by 
the time over which the current was turned on, 
thus: 

W Pt 

Note that the symbol IG stands for energy (what 
the physicists call work), not " watts". Ile watt 
is a unit of power, for which the usual letter 
symbol is P. 

If we expressed the time, t, in hours, the 
energy would come out in watt-hours. If we ex-
pressed it in seconds, the answer would be in 
watt-seconds. (A watt-second is also called a 
joule, but we will have litde use for this unit.) 

Let's try a sample problem. Four 60-watt 
lamps are lit 8 hours per day for 20 days. How 
many kilowatt-hours of energy are used? Again, 
we find the values to insert in the appropriate 
formula. Since the power consumption of all four 
lamps is four times that of one lamp, the value of 
P is 4 x 60 = 240 watts. The time is 8 hr/day 
times 20 days, or 160 hours. So now we have 

W = Pt = 240 x 160 = 38,400 watt-hours 

To get the answer in kilowatt-hours, we simply 
divide by 1000, and get 38.4 kilowatt-hours as a 
final result. 

Purpose of Resistors in TV Receivers. — Re-
sistance in a circuit is sometimes undesirable 
but unavoidable. Often, however, resistance is 
purposely introduced in a receiver circuit for one 
of several purposes. Resistors may be used to 
limit the current flowing in a part of the circuit. 

Such resistors may be variable — that is, their 
resistance value can be changed continuously 
over some range by turning a knob. These give a 
continuous control over the current flowing in the 
circuit. 

One of the commonest uses of resistors is to 
place certain points in the circuit — such as 
vacuum tube electrodes — at a desired potential 
with respect to some other point. Just how re-
sistors accomplish this will be more apparent 
after our discussion of series circuits in Sec. 
16-5. A similar purpose is accomplished by a 
variation of a series circuit known as a voltage 
divider. A variable voltage divider is called a 
potentiometer. 

Television receivers contain a considerable 
number of "time constant" circuits, in which it 
is required that a condenser be charged at a cer-
tain rate. Resistors are inserted in such circuits 
to control the time it takes to charge the conden-
ser. Such circuits are used to produce special 
wave shapes required in the deflection circuits, 
to separate the horizontal from the vertical 
sync pulses, and for many other purposes. 

The commercial resistors used in TV receivers 
are of several forms. Mostly, they consist of small 
cylinders, 1/2 inch to several inches long, made 
of compressed carbon. Others are made of high 
resistivity wire, wound on a ceramic form, and 
often covered with ceramic material. Both kinds 
are provided with two wires protruding from the 
ends, to which connections may be made. A 
group of typical resistors is shown in Fig. 16-11. 

opimanreemmigic. 

Fig. 16-11 

We shall have more to say later on about 
the physical structure of the resistors used in 
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TV receivers. They all have one important char-
acteristic in common, however. That is that there 
is a practical limit to the amount of power any 
resistor will dissipate. 

Power Ratings of Practical Resistors. — We 
stated a few paragraphs back, that the energy 
used to push the electrons through a resistor is 
converted into heat. Let us now examine what 
happens to that heat. If the heat energy remains 
in the resistor, its temperature will rise. This in 
turn can have two effects, both bad. One is that 
the value of the resistance will change, due to 
the temperature change. Secondly, if the tempera-
ture gets very high, the material of the resistor 
will be permanently damaged. The resistor may 
even "burn out" and break the circuit. The long-
er the current flows, the more energy is con-
verted to heat, and the higher the temperature 
gets — unless we somehow get rid of the heat as 

it is generated. 

Some of the heat is removed from the resistor 
by the air in contact with it. Some is radiated to 
nearby objects, just as a stove radiates heat. In 
both cases, the amount of heat that can be got 
rid of in a given length of time depends largely 
on the size and nature of the surface of the re-
sistor. A small resistor will get rid of less heat 
than a large one, and will therefore experience a 
greater rise in temperature, for a given input of 
electrical power. Also, a resistor will get rid of 
its heat more rapidly if it is out in the open than 
if it is in a confined space, as many resistors in 

TV receivers are. 

Practical resistors are therefore rated for the 
maximum power they can be safely expected to 
dissipate. Thus, we might refer to a 500-ohm, 
1-watt resistor, and compare it with a 500 ohm, 
1/2-watt resistor. The 1-watt resistor will pro-
bably be bigger than the other. The resistance of 
each is the same — 500 ohms. But one can be 
operated without damage at higher power than the 

other. 

Maximum Safe Current and Voltage. We can 
calculate from the power rating how much current 
we can safely pass through the resistor, or how 
much voltage we can safely put across it. We 
have two expressions for power — one in terms of 
resistance and current, and one in terms of re-

sistance and voltage: 

E2 
P = 12R, and P 

If we solve the expressions for the current and 
voltage respectively, we get: 

I P I = — and E = Fir 
R 

If we insert in these expressions the values of 
power and resistance of the two resistors just 
discussed, we find that the maximum safe current 
is about 45 ma. for the 1- watt resistor, and 31.5 
ma. for the 1/2-watt resistor. The maximum safe 
voltages are about 22 volts and 16 volts re-
spectively. Notice that if you want to double the 
maximum current through a resistor, it is not 
sufficient to select one having twice the power 
rating. 

It may be of interest to note that when we 
speak of a 60-watt lamp, the meaning of this 
designation is not the same as that of a power 
rating for a resistor. The power rating of a lamp 
indicates the amount of power taken by the lamp 
when it is operated under normal conditions — 
that is, with a specified voltage ( usually 110 to 
120 volts) across it. Resistor power ratings, 
however, indicate maximum safe power, not 

normal power. 

SERIES CIRCUITS 

i6-5. So far we have considered only one re-
sistor at a time, connected to a source of emf 
as shown in Fig. 16-7. Now we shall put several 
resistors together, and discuss the relations that 

exist. 

In general, there are two simple ways of con-
necting two or more resistors. Connected end to 
end, they form a series circuit, as shown in Fig. 
16-12 ( a), below. The voltage would be applied 

(o) (e) 

Fig. 16-12 
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to the free ends. If we connect them side by 
side, with both sets of ends of the several re-
sistors together, and apply a voltage to the con-
nected ends as shown in Fig. 16-12 ( b), we would 
have a parallel circuit. 

In this section, we will be concerned with 
series circuits. 

Total Resistance in Series. — Suppose we 
had three resistors — 20 ohms, 30 ohms and 50 
ohms, connected in series across a voltage source 
of 50 volts, thus: 

Rt. 20.11 R2 .5017. R3 .5011 

Fig. 16-13 

(The symbol 1-2 is the Greek capital letter 

omega, and is often used in schematic diagrams 
as an abbreviation for "ohms".) 

Among the things we don't know, and want to 
find out, are ( 1) the current through the battery 
and each resistor, ( 2) the voltage across each re-
sistor, ( 3) the total resistance of the circuit, ( 4) 
the total power taken by the circuit, and ( 5) the 
power dissipated by each resistor. All of these 
things can be found from the known facts. Let 
us start with the total resistance. 

The resistance of the circuit is simply the sum 

of the individual resistances in series. If we re-
present this total resistance by Ro, we can ex-
Dress the relationship thus: 

R0 R1 + R2 + • • • 

The dots indicate that we add the values of as 
many resistors as are connected in series, 
whether it be three or a hundred. For the circuit 
in our example, we would find the total resistance 
thus: 

Ro = R, R, + R, 

= 20 + 30 + 50 = 100 ohms 

The circuit as a whole will behave exactly 
as though we substituted a single 100-ohm resis-
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tor for the three resistors in series. So we can 
now find the current from Ohm's Law: 

E 50 
I =—=— 1-00 = 0.5 ampere 

R  

This is the current that flows in the battery, 
as well as in each of the series resistors. In a 

series circuit, the current is the same in all 
parts of the circuit. You will realize that this 
must be so if you visualize the electrons moving 
through the circuit. If the current were different 
in two connected resistors, the electrons would 
be piling up in. one of them, faster than they 
were removed from the other end. If this were 
so, the potential difference across the resistor 
in question would change, and this is contrary to 
Ohm's Law. 

Voltage Division. — One of the expressions 
for Ohm's Law was: 

E = IR 

This states that the voltage across any resistor 
is equal, in volts, to the resistance of the resis-
tor, in ohms, multiplied by the current through it, 
in amperes. Let us apply this to one of the re-
sistors in our example, say R1: 

E, = 1R, = 0.5 x 20 = 10 volts 

Notice that we have modified the general expres-
sion by adding the subscript 1 to both E and R. 
This is to indicate that it is R, and the voltage 
across it that we are dealing with, not the applied 
voltage, E. There is no need for a subscript on 
the /, since there is only one current in the cir-
cuit. 

In the same way, we can find the voltages 
across R, and R,. They are 15 .and 25 volts re-
spectively. Now we can indicate the results of 
these calculations on our circuit diagram: 

- E2. Es. 

/0 V /5 V 25 V 

2011. 5011 SO il 

4— 0.5 amp 

- E.. 50 V 

Fig. 16-14 

 •A 

- 1••••1 
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This tells us an extremely important principle. 
Notice that the sum of the voltages across the 
individual series resistors is exactly equal to the 
applied voltage. This is always true of any 
closed circuit. Again, common sense tells us 
that this must be so. Notice that the potential 
of point B, at the negative terminal of the battery, 
is set by the battery at 50 volts below point A. 
This fact is not altered by the path we take in 
tracing from A to R. Whether we go through the 
battery, or around the circuit through the resis-
tors, the total potential difference must still be 

50 volts. 

Looking at it another way, we can start at any 
point in the circuit, as A, and go around the cir-
cuit in either direction. Going counterclockwise 
from A, we go through voltage drops totalling 50 
volts across the resistors. This brings us to R. 
Continuing in the same direction, we go through a 
rise of 50 volts, bringing us back to point A. Now 
a rise in the negative of a drop, so we suttract 
it from the 50 volts drop, and get an answer of 
zero. So another way of stating what we have 
already said is that the sum of the voltage drops 
around a closed circuit is zero. 

Fig. 16-14 tells us another important principle: 
resistors in series divide the voltage across the 
series combination in the same proportion as the 
included resistances. Stated in algebraic short-
hand, this principle can be generalized thus: 

E E, E, E3 

Ro R1= R,' R, 

From this it follows that 

E R0 E Ro 

El'R,E 2 R, 
etc. 

This principle shows how we can tap off any 
desired fraction of the voltage of an available 
source of emf. Thus, if we wanted to obtain a 
voltage of 5 volts — 1/10 of the applied 50 volts 
— we could get it across any series resistor 
whose resistance was 1/10 of the total resis-
tance in series. In this case, we could substitute 
two 10-ohm resistors for R1. The total resistance 
would still be 100 ohms, so 5 volts would appear 
across either 10-ohm resistor. 

Voltage Drop. — Let us return for a moment to 
our imaginary excursion from point A to point R, 
in Fig. 16-14. We said that point R has a poten-
tial 50 volts below that of A. In going from A to 
B, therefore, we go through a potential drop or 

voltage drop of 50 volts, regardless of which way 
we go around the circuit. 

Now suppose we start from point A, and go 
through the resistors. As we go through the 50-
ohm resistor, 113, we go through a voltage drop 
of 25 volts — the voltage across R3. Proceeding 
to the left end of R2, we go through an additional 
voltage drop of 15 volts. And continuing to point 
R, through Ri we pass through a final voltage 
drop of 10 volts. 

Now note this carefully: the only reason these 
separate voltage drops exist is that a current is 
flowing through the resistors. If we were to dis-
connect R, from point 13, the current would stop, 
and there would be no voltage drop across any 
of the resistors. Both ends of all of them would 

be at the same potential as point A. 

If we were to proceed through -the resistors 
from R to A, we would refer to the potential 
changes across the several resistors as voltage 
rises. Note that the voltage drop is always in 
the direction from the most positive point in the 
circuit to the most negative. It is also worth not-
ing that the direction of voltage drops is opposite 
to the direction in which the electrons flow. Elec-
trons always move toward the more positive point 
— that is, the point of higher potential. Thus they 
may be thought of as flowing "uphill," so to 
speak. 

Ground. — In the foregoing discussion, we 
have referred to the voltage drops across resis-
tors, and to the potential difference between two 
points. But note that we never stated that any 
point was at a certain potential — period. Our 
voltages were all relative. But suppose we pick 
some one point in the circuit, and say arbitrarily 
that we will call the potential of this point zero. 
We will call this point ground, and we can then 
designate the potentials of all other points in the 
circuit with reference to this ground point. In many 
practical circuits, the ground point is actually 
connected electrically to the earth. But whether 
it is so connected or not, it can still be used as 
a convenient reference from which to measure 
voltages. In television receivers, the chassis — 
the metal base on which all the components are 
mounted — is regarded as the ground point. 

Let us "ground" point B in our sample cir-
cuit, and measure the voltages between this and 
various other points in the circuit. 

The graduated parallel lines shown are the 
conventional symbol for ground — real or merely 
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for reference. If we were now to connect one lead 
of a voltmeter to point B, and touch the other 

lead consecutively to the other points designa-
ted, we would measure: at C, zero; at D, 10 volts; 
at E 25 volts; at F, 50 volts; and at A, 50 volts. 
These readings would be the potential differences, 
or voltage differences, between the designated 
points and the ground point, B. If we refer to 

the voltage of point D as 10 volts, we mean 10 
volts above the ground, or reference point. 

Now suppose we decide we want to "ground" 
point D instead of B. Again measuring voltages 
with respect to ground, we would find that some 
were above ground, some below, thus: 

-10V 

-I0V 

0 OV I5V +40V 
E 

Fig. 16-16 

A 
140V 

e ban always ground any one point in a cir-
cuit without affecting the operation of the circuit. 
All we do when we change the ground point is to 
change the reference point from which we mea-
sure voltage drops and rises. However, if we 

grounded two points of different potential, there 
might be fireworks. At the very least, one or more 
resistors would be short circuited, and the opera-
tion of the circuit would be changed. 

For instance, if points B and D were both 
grounded, there would be no voltage drop across 
the 20 ohm resistor, so no current would flow in 
it. The applied voltage of 50 volts would be 
across a total of only 80 ohms, so the current 
would be 0.625 amp. instead of 0.5 amp. The 

potentials of points A and F would be 50 volts, 
and of point E, 18.75 volts, all above ground. 

"High" Voltages. — This is a good place to 
mention an accepted terminology that may seem 

16-17 

confusing or contradictory. In television recei-
ver circuits, there are points whose potential is 
1000 volts or more below the chassis ground — 
that is, 1000 volts negative. By our definitions, 
we would say that these were points of low poten-
tial. Yet if you touched one of these points, and 
the chassis at the same time, we'd have a hard 
time convincing you that you'd gotten across a 
low voltage. The words "high" and "low" are 

commonly applied to voltages in two different 
meanings. In one sense they mean "positive" or 
"negative" with respect to some reference point. 

In the other sense they mean "large" or " small", 
regardless of polarity. So watch out for this con-
tradiction, and don't assume it's safe to touch a 
bare contact just because its potential is 1000 

volts below chassis ground instead of above. 

Voltage Divider Circuit. — The principle of 
voltage division just explained is the basis for 
an extremely important group of circuits used in 
TV receivers. They are called voltage divider 
circuits. Such circuits can be used wherever it is 
desired to place several points, in the circuit at 
certain desired potentials with respect to each 
other. For example, they are often used to pro-
vide the required voltages on the electrodes of 
the electron gun in a kinescope. The same prin-
ciple is involved in many vacuum tube circuits, 
in which the grid of a tube may be placed at a 

specified potential below the cathode, by the 
method known as "cathode bias". 

Sometimes the voltage divider circuit consists 
of one resistor, with taps connected to several 
points along its length, instead of several se-
parate resistors, thus: 

(a) 

(b) 

Fig. 16-17 
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Fig. 16-17 ( a) shows what such a tapped re-
sistor looks like, and ( b) shows how it is repre-
sented in a schematic diagram. Between any two 
taps, a certain fraction of the total resistance 
is included. If a voltage source is connected to 
the ends of the entire resistor, a current of course 
flows. This current causes a voltage drop across 
that part of the resistor, proportional to its re-
sistance. But if the resistor has a uniform cross-
section, the resistances included between points 
along its rength will be proportional to the dis-
tance between them. Thus the voltage drop is 
proportional to the length included — so many 
volts per inch. 

For example, suppose we have such a resistor 
6 in. long., and we apply 1200 volts across its 
ends. If we connect a tap 1 inch from the positive 
end, it will be at a potential 200 volts below the 
positive end. Two inches from the end, we can 
obtain a voltage drop of 400 volts, and so on. 

Power Division. — Just as series resistors 
divide the applied voltage proportionally to the 
resistances, so they divide the total power in 
the same way. We can calculate the total power 
taken by the circuit, and the power in each resis-
tor, most easily from the relation P = I2R, thus: 

131 = I 2R = (0.5) 2 X 20 = 5 watts 
P2 

= 1 2 R2 ((v . 2 
)) X 30 = 7.5 watts 

P3 = I2 R3 = (0.5) 2 X 50 = 12.5 watts 

Po = I 2R 0  = (0.5) 2 X  100 = 25 watts 

Note that the total power is the simple sum of 
the powers consumed by the individual resistors. 
This total is the power consumed by the entire 
circuit, and is of course identical with the power 
delivered by the generator. 

We also had two ,npressions for power involv-
ing the voltage. Note that if either of these ex-
pressions is used, the voltage must be the volt-
age across the resistor in question. (The applied 
voltage can be used only with the total resis-
tance of the circuit.) Thus we could find Pi like 
this: 

P1 = E1I = 10 x 0.5 = 5 watts 

Circuit Solutions. — With the foregoing cal-

culation of the power in each resistor, we have 
completed the " solution" of the circuit we started 
with, and have found all of the quantities we 

were looking for. We started, you will recall, by 

knowing the applied voltage and the values of 
three resistors in series. 

In many practical cases, we may not know all 
the resistance values. Or we may know the current 
and not the voltage. Or we may know the resis-
tance values and the total power, or one of the 
voltage drops. In any of these cases, we can 
still find the unknown quantities by applying in 
proper sequence the relations explained in this 
section. One or two examples will make the 
method clear. 

We have a series circuit of three known resis-
tors like this: 

Fig. 16-18 

The battery terminals are inaccessible, but 
we have measured the voltage from point A to 
ground and found it to be 210 volts. It is desired 
to find the battery voltage, E. 

First, we can find thé current. The voltage of 
point A is of course the voltage across R So 
the current is: 

Ei  210  
I = = = 0.007 ampere = 7 ma. 

30,000 

The battery voltage is equal to this current, 
multiplied by the total resistance. So: 

Ro = R1 + R2 + R3 = 30,000 + 20,000 4- 4,000 

= 54,000 ohms 

E = IR0 = 0.007 x 54,000 = 378 volts 

Now suppose we want to modify the circuit, so 
as to obtain a voltage of 10.5 volts negative with 
respect to ground. How do we do it? Obviously 
such a point, if it exists, must be somewhere be-
tween point 8 and the negative battery terminal, 
point C. The potential of point C is found from: 

E 3 = R3 = 0.007 x 4,000 = 28 volts 
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Since point C is at -28 volts, there must be a 
point between C and R with the required potential. 
Let's call this point D. The resistance between 
D and R must be 

10.5 
- 1 500 ohms R = 0.007 

So all we have to do is to substitute two re-
sistors totalling 4000 ohms for 83, placing 1500 
ohms between R and D, and 2500 ohms between D 
and C, thus: 

Fig. 16-19 

Note that we had to keep the total resistance 
the same. If we had left out the 2500 ohms, the 
total resistance would have been less, and the 
current greater. Then the dnDp across the 1500 
ohms would have been a little more than the de-
sired 10.5 volts. 

PARALLEL CIRCUITS 

16-6. A typical parallel circuit was shown in 
Fig. 16-12 ( b). For purposes of explaining the 
behavior of such a circuit, however, let us stars 
with this simpler circuit: 

E 'WV V 

-T 
Fig. 16-20 

et •6012 

We know now that the current in the 60-ohm re-
sistor will be 2 amperes. Now suppose we connect 

another resistor of 120 ohms across the ends of 
R1, like this: 

111•6012 

• 2 amps 

Fig. 16-21 

Notice that the source is still connected across 
R1. Therefore the same 2 amperes will continue 
to flow in it. However, E is also connected across 
R2, and Ohm's Law tells us that the current 
through R2 must be 1 ampere. The electrons of 
both currents must' merge in the wire connecting 
R, to the battery. Thus the current in this wire 
and in the battery, is the sum of the currents in 
R1 and R2. These currents are called the branch 
currents, and their sum is the line current. In 
this case the line current is 2 + 1 = 3 amperes. 

We could connect any number of resistors in 
parallel with R, and R2 without in any way af-
fecting the original branch currents. By so do-
ing, we would, however, draw more total current 
from the battery. This assumes, of course, that 
the applied voltage E remains unchanged. 

Equivalent Resistance of a Parallel Circuit.— 
Unlike the series circuit, we cannot speak of the 
"total resistance" of a parallel circuit. The two 
parallel resistors of the example could, however, 
be replaced by a single resistor that would take 
the same current from the battery. This would be 
called the equivalent resistance of the circuit. We 
can find its value very easily by Ohm's Law from 
the information we already know: 

E 120 
Ro =—= — = 40 ohms 

Io. 3 

We see immediately that the equivalent resis-
tance is less than either branch resistance. So 
we obviously can't find it ¡ list be adding the 
branch resistances. We can, however, compute 
the equivalent resistance of any parallel circuit, 
knowing only the branch resistances, thus: 

Ro - 

R, 

1 

L+ 1 + •... 
R2 

In words, the equivalent resistance of a paral-
lel circuit is the reciprocal of the sum of the re-
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ciprocals of the branch resistances. Applying 
this to our example, we would get: 

1  
Ro 1 + 1 — 

60 120 

1 

0.0167 + 0.0083 

1 
  = 40 ohms 
0.0250 

The arithmetic is simplified somewhat for a 
2-branch circuit by noting that the equivalent re-
sistance can be expressed as 

Ri R2 R1 
O R + R 2 

•and for a 3-branch circuit as 

R, 
R - 
0 1 4, R, R, 

R2 R, 

R, 
1 + R2 

We would usually be dealing with parallel cir-
cuits in which the branch resistances were of the 
same order of magnitude. When this is the case, 
the last two expressions will enable us to avoid 
those very small fractions, and consequent troubles 
with misplaced decimal points. Try it and see. 

Current Division. — Referring back to Fig. 
16-21, we can note that when we connected a 
larger resistor in parallel with the 60 ohms, the 
larger resistor took a smaller current. Redrawing 
the circuit diagram, with the current values, we 
have: 

4-10 =Jumps 

E-

/20 V 

Fig. 16-22 

Examining this diagram more closely, we find 
out that the resistor having twice the resistance 
takes half as much current. Generalizing this 
tact, we can state: The branch currents in a par-
allel circuit are in inverse ratio to the branch re-
sistances. Stated symbolically, this means that 

= R2 

12 R1 

Knowing this relationship, we can find either 
branch current of a parallel circuit, if we know 
the other branch current and the resistances 
of both branches. Conversely, if we know both 
branch currents and one resistance, we can find 
the other resistance. 

Again referring to Fig. 16-22, we can note the 
relation of the branch currents to the line current, 
10. The branch having 2/3 the total resistance 
(total, not equivalent) takes 1/3 of the total cur-
rent, and vice versa. We can most easily relate 
this fact to the equivalent resistance of the cir-
cuit as follows. 

The voltage drop across R, is I,R, (applying 
Ohm's Law). The drop across R2 is 12R2. Also, 
the voltage drop across the circuit — that is, 
across the equivalent resistance — is loRo. But 
these are all the same voltage — E. So we can 
write them equal to each other: 

11R1 = 12 R,= IoR0 

We can now take any two of these eKpressions, 
and rearrange them like this: 

Ro 
11 = Io 

R1 
and 

Ro 
12 10 

r‘2 

This gives us expressions for either branch 
current in terms of the line current, the branch 
resistance and the circuit equivalent resistance. 
We can state this relationship in words like this: 
4 parallel circuit divides the line current in-
versely as the resistances through which the line 
and branch currents flow. 

Finally, by noting that 

Ro 
R,R, 

R, + R2 

we can substitute this in the expressions for the 
branch currents, cancel out one of the branch re-
sistances, and get: 

R, 
Il Io R 4. R 2 

R1 

and 12 O Ri + R2 

This gives us expressions for the branch currents 
in terms of the line current and branch resistances. 

Circuit Solutions. — Before we try out the re-
lations just discussed, we might well point out 
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why it's a good idea for you to be able to solve 
numerical problems based on them. You will pro-
bably never have to "solve" a circuit in order to 
fix a television receiver. But it is important that 
you acquire a feeling for how circuits behave. 
Statements in words or symbols, such as we have 
just presented, don't mean much until you put 
actual numbers to work with them, and see for 
yourself how the relations work out. If you do 
that, then the principle involved becomes a part 
of your thinking whenever you encounter a cir-
cuit of a particular configuration, and you don't 
have to stop and wonder what could possibly 
cause the circuit to be upset in a particular 
way. 

So let's try a sample problem. We have a cir-
cuit of three parallel branches, in which we know 
the three resistances and the line current, thus: 

o  

2-

o  

Ic, • /SO mo 

4-- 

R, • R2 a R3 • 

2000 /2 0000 JI S  300012 

Fig. 16-23 

We want to find the current in each branch, 
and the voltage across the circuit. First, we 
must find the equivalent resistance of the cir-
cuit. One way to do this is: 

R - 
O 1 + Ri 

R2 R3 

R1 2000 

1 4- 20°0 2°°° 
6000 3000 

2000 2000 
= 1000 ohm! 

— — 
3 3 

2 

Alternatively, we can find the equivalent resis-
tance of two of the branches, and then use this 
value with the third resistance to find the equi-
valent resistance of the circuit, like this: 

Ro - 

R1 R2 2000 x 6000  
- 1500 ohms 

R i+R 2 2000 4- 6000 

R1-2 R3 = 1500 X 3030  
-1000 ohms 

R 1_2 + R3 1500 + 3000 

We can now find all of the branch currents, thus: 

11 = Io 

I, = Io 

13 =10 

Ro 
= 150 ma. x 

R1 2000 

1000 

Ro 
= 150 ma. X 

R 2 6000 

Ro 1000 
  = 150 ma. x   = 50 ma. 
R3 3000 

Finally, we can find the voltage from any 
branch current and the resistance through which 
it flows: 

1000 

16-21 

= 75 ma. 

= 25 ma. 

E = I1 R1 = 0.075 X 2000 = 150 volts 

Alternatively, we could have found the voltage 
first, and used it to get the branch currents, thus: 

E = Io R0 = 0.150 x 1000 = 150 volts 

E 150  
It - 0.075 amp. = 75 ma. 

R1 2000 

Notice in the foregoing calculations that the 
quantities involved must be expressed in the right 
units — volts, amperes and ohms. An exception 

was the calculation of the branch currents from 
the line current. Since the ratio of the resistances 
is a pure number (the units in numerator and 
denominator cancelling each other), the answer 
comes out in whatever units are used to express 
the line current. 

Voltages to Ground. — In a simple parallel cir-
cuit such as that of our last example, there are 
only two points that can be grounded — the two 
battery terminals. (Of course, we wouldn't ground 
both points at once.) The connected ends of the 
branches are all at the same potential, no matter 
how many branches the circuit contains. Hence, 
there is only one voltage to ground that we could 
measure — the voltage from the ungrounded battery 
terminal. This voltage appears across the entire 
circuit, and is identical with the voltage across 
each of its branches. 

Power Division. — A parallel circuit divides 
the total power directly as the branch currents, 
and inversely as the branch resistances. Thus 
the branches with the lowest resistance take the 
most power. 

The power taken by any branch is easily found 
by using any of the expressions for power we 
have discussed. We must be careful, however, to 
use only the resistance of, or current through, the 
branch in question. Thus, in our last example: 
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P1 Eli = 150 X 0.075 =.11.25 watts 

P2 ' 122 R2 = (0.025) 2 X 6000 = 3.75 watts 

(150) 2 

3000 
- 7.5 watts 

Any of these relationships can be used to 
find the total power (which will be found to be 
equal to the sum of the power in the individual 
branches) thus: 

Po = Elo = 150 X 0.150 = 22.5 watts 

SERIES-PARALLEL CIRCUITS 

16-7. Except in very small parts of a televi-
sion receiver circuit, we seldom encounter cir-
cuits quite as simple as the series and parallel 
connections we have discussed in the last two 
sections of this lesson. We will, however, often 
find combinations of these two kinds of connec-
tions in the same circuit. Such circuits are called 
series-parallel circuits. A relatively simple 
example of such a circuit is like this: 

Fig. 16-24 

There is nothing new to tell about such a cir-
cuit. Its behavior is easily analyzed by the 
principles already explained, and applied to parts 
of the circuit. For example, let us consider the 

circuit shown above. 

Circuit Solution. — Suppose R, is 100 ohms, 
R2 and 12, are 200 ohms each, and E is 50 volts. 
We want to find the currents through each of the 
resistors, and the equivalent resistance of the 

circuit. 

First, we can replace the two parallel resis-
tors by their equivalent resistance. Since the 
branch resistances are equal, we would find their 
equivalent resistance to be half that of each 
branch, or 100 ohms. Now let us redraw the cir-
cuit, representing the equivalent resistance of 
the parallel part of the circuit by R (Fig. 16-25). 

Now we have nothing but a simple series 

circuit to deal with. The total resistance is 

Ro = R1 + Rp = 100 + 100 = 200 ohms 

R1.10011 

E = 

50 V —7 

Fig. 16-25 

10012 

Applying Ohm's Law, we find the total current 
is 50/200, or 0.25 ampere. This is the current in 
R1. But it is also the line current into the par-
allel circuit. Since the parallel resistors are equal, 
each will take half the line current. Thus each 
branch current is 0.125 ampere. 

If we are interested in the voltage drops across 
the individual resistors, we can find them by the 
same relations we have used before. Thus, the 
drop across R, is 

E, = 10 R1 = 0.25 X 100 = 25 volts 

The remaining 25 volts of the battery voltage 
obviously appears across the parallel part of 
the circuit. We can now show all these results 
on our diagram, thus: 

(.50V 

25 
4— zo- 0.25 amp 

R1.10011 

Re= 
20012 

le • 13 . 

0.125 amp 0.125 amp 

Fig. 16-26 

Et. Es 
• 25 V 

We will often encounter circuits in which there 
are several resistors in series, the series com-
bination comprising one of several parallel 
branches. Thus, suppose our circuit of Fig. 16-24 
had appeared like this: 

R, • FOOJt 

E • — 
SO V — 

R, • 

Fig. 16-27 

R, • 
8011 

R, • 

1,011 

In order to solve the circuit, we would first 
add Ra and R4, to get the total resistance of that 
branch. Finding it to be 200 ohms, we would 

then use this value exactly as we explained 
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above, and come out with the same answers. We 
could get two additional pieces of information — 
the voltage drops across R, and R. — thus: 

E3 = 13 R, = 0.125 X 80 = 10 volts 

E. = I, R4 ' 0.125 120 = 15 volts 

Voltages to Ground. — Just as with a simple 
series circuit, we could ground any one point in 
the circuit. Suppose we grounded the connection 
between R, and R4 in Fig. 16-27. By taking 
account of the voltage drops and rises from this 
point, you can easily verify that the voltages we 
would measure between various points and ground 
would be like this: 

• 

Fig. 16-28 

Troubleshooting by Voltage Measurements. — 
This circuit serves well to illustrate a useful 
technique of troubleshooting. Suppose the re-

sistor R, were somehow broken, so it would 
conduct no current whatever. How could we de-
termine this by measuring voltages from various 
points to ground? We can best answer this ques-
tion by analyzing what would happen to the 
voltages if R2 were open-circuited. The circuit 
would now be like this: 

50 V 

/00.11 

Fig. 16-29 

8012 

12012 

With R, out of the circuit, we now have a 
simple series circuit, with a total resistance of 
300 ohms. The current would therefore drop to 
50/300 = 0.167 ampere. Computing the voltage 
drops, we would find the voltages to ground 
would now be like this: 

+30 

-20 

Fig. 16-30 

#1.5.3 
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If we were dealing with a circuit such as we 
started with, and found that the voltages were 
higher or lower than what they should be in the 
manner shown in Fig. 16-30, we would suspect 
an opened resistor. Verifying it then becomes a 
matter of carefully examining the resistors in the 
circuit, and their connections. 

Generator Resistance. — In our discussions so 
far, we have assumed that the source of ennf — 
battery or other generator — had no resistance of 
its own. Actually, all generators have some in-
ternal resistance, although in many practical 
cases it is so small as to be negligible. However, 
if the generator resistance is appreciable —. say, 
more than 10% of the resistance of the rest of the 
circuit — its effect must be taken into account. 

As long as conditions in the circuit remain 
unchanged, we can merely consider the generator 
resistance as part of the circuit. But if we change 
the circuit, we must remember that the genera-
tor resistance is part of it. For example, suppose 
we have a parallel circuit of two resistors of 200 
ohms each. It is supplied by a generator whose 
internal resistance is 100 ohms, thus: 

Fig. 16-31 

You will recognize this as identical with the 
circuit of Fig. 16-26. But instead of the parallel 
circuit we started with, we really have a series-
parallel circuit, when we take the generator re-
sistance into account. Remember that we said of 
a parallel circuit that adding more branches did 
not affect the currents in the other branches, pro-
vided the applied voltage remains the same. The 
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point here is that if the generator has appreciable 
resistance, the voltage applied to the parallel 
circuit does not remain the same, and all branch 
currents are affected by the addition of more 
branches (or the removal of branches, as we have 
seen.) 

For example, we have already seen that the 
voltage across the parallel part of this circuit is 
25 volts, and each branch current is 125 ma. (0.125 
amp.). Let us see how these quantities would 
change if we add another 100 ohm resistor in 
parallel with the first two, thus: 

100./1 

The equivalent resistance of the two 200-ohm 
resistor § was 100 ohms. Adding another 100 ohms 
in parallel reduces the equivalent resistance of 
the combination to 50 ohms. This, in series with 
the generator resistance of 100 ohms, makes a 
total of 150 ohms. The line current is now 50/150 
= 0.333 ampere. The voltage drop across the 
parallel part of the circuit is 50 >< 0.333 = 16.67 
volts — only two-thirds as much as before. And 
the current in each of the 200 ohm resistors is 
16.67/200 = 0.083 ampere, or 83 ma. — also two-
thirds as much as before. 

All this adds up to the fact that the resistance 
of the generator is an integral part of the circuit, 
and must be taken into account. 

Effect of More Than One Voltage Source. — 
Consider the circuit shown in Fig. 16-33. We 
shall use it to explain a method that is often 
useful in understanding circuits containing more 
than one source of emf. 

R, • /0012 Re • 10011 

Fig. 16-33 

It is assumed that the internal resistances of 
the generators shown are negligible, so may be 

considered as zero. The problem is to find the 
current through each resistor, and the potential 
of point A with respect to ground. 

The simplest way to solve the problem is to 
consider the effect of each generator separately. 
To do this, we can redraw the circuit, replacing 
each generator in turn by its internal resistance 
(in this case, zero). Thus we get two circuits: 

Ez • 

100 V 

Fig. 16-34 

Solving these circuits one at a time, we find 
that the currents due to El are 2 amperes through 
R1, 1 ampere through R2 and R3, and 3 amperes 
through the battery, in the directions shown. The 
current due to E2 flows only in R1, the battery, 
and the short circuit by which we have replaced 
E1, Its value is 100/100 = 1 ampere, in the direc-
tion shown. No current due to E2 flows in R2 or 
R 3,which are both shorted out by the zero inter-
nal resistance of E1. 

The currents shown as flowing in. R1 are in 
opposite directions. But we know that only one 
current can flow in the resistor. This one current 
is the difference between I and 11" — 1 ampere, 
the electrons flowing from left to right, the direc-
tion of the larger partial current. The only current 
in R2 and R3 is that due to E1 — also 1 ampere. 
The voltage drop across R3 is therefore 1 X 100 
= 100 volts. This makes the potential of point A 
in Fig. 16-33 100 volts above ground. 

Other Circuit Configurations. — There are other 
ways of connecting circuit components that do 
not form simple circuits of the three types we have 
discussed in this lesson. The solutions of some 
of these, such as the "bridge circuit", require 
methods other than the simple analyses explained 
above. The methods and associated mathematics 
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required are beyond the scope of this review 
course. However, the vast majority of resistive 
circuits encountered in TV receivers may be 
understood by application of the principles we 
have covered. 

D- C METERS 

16-8. 'Ve have referred several times to 
"measuring" voltages and currents by the use of 
suitable measuring instruments, or meters. Ids 
the purpose of this section to explain how such 
meters work, and how they are used. 

\lost practical meters for measuring voltage, 
current or resistance make use of a device called 
the n'Arsonval meter movement. Typically, it 
looks like this: 

Fig. 16-35 

The operation of the D'Arsonval movement, 
in turn, depends on the fact that when current 
flows through a wire, a magnetic field is estab-
lished, which can be used to develop the neces-
sary force to move a meter needle. So let's start 
by examining this basic principle. 

Magnetic Field Around A Current-Carrying 
Conductor. — It was discovered over a century 
ago that when current flows through a wire, a 
magnetic needle brought near the wire lines it-
self UD in a definite direction. 

The direction of the compass needle is always 
perpendicular to a line from the compass to the 
wire — that is, along the circumference of an 
imaginary circle having the wire passing through 
its center. If the direction of the current is re-
versed, the direction of the compass needle also 
reverses. And .vhen the current stops, the needle 
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Gem' 

'41111e,. 

Fig. 16-36 

gpes back to pointing North, regardless of its 
position near the wire. Like the earlier discover-
ies about electric charge, this suggested some 
special kind of force. Again we could map the 
direction of this force at various points around 
the current-carrying wire, like this: 

Fig. 16-37 

This is very like the map of the electric field 
that we drew in Fig. 16-3 but with some notable 
differences: ( 1) the lines do not terminate on 
charges, or anywhere else — they are continuous; 
(2) the force — and therefore the lines with which 
we represent it — exists only while the electrons 
in the wire are moving. 

We say that in the region around the wire is a 
magnetic field, and refer to the lines as mag-
netic field lines, or lines of magnetic force, or 
lines of magnetic flux. The force of the magnetic 
field differs from that of the electric field in that 
it cannot be felt by a stationary electron or other 
charge — only by a magnetized body or, as we 
shall see, by a moving charge. 

We can greatly strengthen the magnetic field 
if we form the wire into a coil. Then the forces 
set up by the current in each little piece of wire 
are concentrated with the coil, as in Fig. 16-38. 

Field of a Permanent Magnet. — If a steel bar 
were now poked through the coil, and held there 
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Fig. 16-38 

while the cm-ent flowed, we could find on re-
moving it that it had become permanently mag-
netized — that it would now attract the end of the 
compass needle. There would, in other words, be 
a permanent magnetic field around the bar, which 
we could map like this: 

Fig. 16-39 

We have shown the field lines as continuing 
through the solid steel itself, forming closed 
loops as magnetic field lines do. If we could in-
sert a microscopic compass needle inside the 
steel bar, we would find that the magnetic force 
existed there, too. Actually, this is where the 
force of the field is generated — by the tiny cur-
rents constituted by the electrons moving in their 
orbits around their nuclei. Remember that a cur-
rent is merely one or more electrons in motion. 
One electron moving in a circle about its atomic 
nucleus is just the smallest possible "model" of 
a current flowing through a coil. Like the coil, 
its magnetic field is in a direction perpendicular 
to the plane in which the electron moves. These 
atom-size coils set up magnetic fields in all ma-
terials, but only in certain materials, such as iron 
and steel, is it possible to line them all up in the 
same direction so they will add to form a field 
strong enough to detect. 

Force on Current-Carrying Wire. — One more 
experiment, and we will be ready to understand 
the D' Arsonval meter movement. 

Suppose we bend the bar magnet in the shape 
of a horseshoe, and between its ends, place a 
wire through which we can pass a current, thus: 

Fig. 16-40 

The field lines of the permanent magnet ex-
tend straight across the gap between the ends 
of the bar. Now if we pass a current through the 
wire an additional field is set up, whose direc-
tion is in circles around the wire, thus: 

force on nire 

Fig. 16-41 

As shown in ( a) the two magnetic fields are 
in opposite directions above the wire, and in the 
same direction below it. Thus they weaken 
each other on one side of the wire, and strengthen 
each other on the opposite side. The net result 
of the two fields is as shown in(b). Now we come 
to the crucial point: the composite field exerts a 
mechancial force on the wire, pushing it toward 
the weaker part of the field. Thus, the wire in our 
sketch would be pushed up. 

The D'Arsonval Movement. — The D'Arsonval 
meter movement is constructed as shown in Fig. 
16-42. 

A coil of fine wire, if', is wound on a light 
aluminum form. The coil is free to rotate on 
bearings, which hold it between the ends of a 
permanent magnet, M, of the shape shown. Attached 
to the coil shaft is a needle N, which moves 
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Fig. 16-42 

across a dial D when the coil rotates, The ends 
of the coil wire are connected to two light spiral 
springs, S. The springs serve a double purpose — 
to conduct current from the terminals T to the 
coil, and to provide a torque to return the needle 

to its initial position when the current stops. In-
side the coil, but not attached to it, a soft iron 
cylindrical core C is held in a fixed position. 

A diagram of the coil, core and magnet ends, 
together with the magnetic fields, is like this: 

Fig. 16-43 

The current in the coil wires is toward us on 
one side of the core, away from us on the other, 
so the magnetic fields due to the current are in 
opposite directions as shown. The field of each 
part of the coil reinforces the permanent magnet 
field on one side of the wires, and weakens it on 
the other. Both parts of the coil are pushed toward 
the weakened field. The forces on both parts of 
the coil are in the same direction about the axis, 
as shown. This results in a turning moment, or 
torque, that tends to rotate the coil clockwise. 

The force on the coil is proportional to the 
current flowing. The coil turns until the counter 
torque of the spiral springs is equal to the tor-
que produced by the magnetic fields. This coun-
ter torque is proportional to the rotation of the 
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spring and of the needle attached to it. The de-
flection of the needle is proportional to the cur-
rent. By properly calibrating the dial, we can 
read from it directly the number of amperes, or 
milliamperes, or microamperes flowing in the 
coil. The scale on the face of the dial is like 
this: 

Fig. 16-44 

Such a scale is called a linear scale, because 
equal divisions correspond to equal increments 
of current. 

Practical Limitations. — The coil wire used in 
a meter movement is necessarily very fine, and 
cannot carry much current without overheating. 
Therefore no movement should ever be permitted to 
carry much more current than just enough to 
cause full-scale deflection of the needle. Even 
if the excess current is not enough to burn out 
the coil, it may still cause damage by slamming 
the needle hard against the stop post (usually 
placed just beyond the end of the scale on the 
dial) and thus bending it. 

The fact that the maximum current the move-
ment will take is drastically limited obviously 
places narrow limits on the range of values that 
the meter can be used to measure. We shall see 
that this range can be greatly extended by suit-
able circuits external to the movement. 

Note also that the current must be in the pro-
per direction. If its direction is reversed, the 
needle would move downs cale from zero, instead 
of up. Some meter movements are made with the 
zero point of the scale in the center, so that 
readings may be obtained for current in either 
direction. 

Sensitivity. — The calibration figures on the 
meter scale of course indicate the operating range 
of the movement — that is, the amount of current 
necessary to deflect the needle to the top end of 
the scale. The smaller the current required is, 
the more sensitive we consider the movement. 
Thus, a numerical measure of the sensitivity of 
the movement i the current necessary for full-
scale ;deflection. This may be of the order of a 



16-28 
TELEVISION SERVICING COURSE, LESSON 16 

few microamperes, or several milliamperes. We 
would then refer to a " 1 milliampere movement' 
or a " 50 microampere movement". 

Another way to say the same thing, since I = 
E/R, would be to express sensitivity in terms of 
volts per ohm for full scale deflection. By cus-
tom, however, meter sensitivity is usually stated 
in terms of ohms per volt, which is the reciprocal 
of the full-scale current. Thus, a 1 ma. movement 
would be said to have a sensitivity of 1000 ohms 
per volt, and a 50 p.a. movement a sensitivity of 
20,000 ohms per volt. A larger ohms-per-volt 
rating thus indicates a greater sensitivity. 

It should be emphasized that the sensitivity 
of the meter movement is built into the movement 
itself. It cannot be improved by any circuit ex-
ternal to the movement. 

Practical Meters. — The three fundamental 
measurements that have to be made most often 
are: ( 1) voltage, in volts or millivolts; ( 2) cur-
rent, in amperes, milliamperes or microamperes; 
and ( 3) resistance, in ohms or megohms. (In TV 
servicing work, we seldom have occasion to mea-
sure current directly, since to do so requires 
breaking the circuit.) 

Instruments to measure any of these quantities 
are all built around the D'Arsonval movement. 
They are called respectively the voltmeter, am-
meter or milliammeter, and ohmmeter. What dis-
tinguishes one from the other is the circuit ex-
ternal to the movement. Frequently, instruments 
are constructed using several external circuits, 
into any one of which the movement may be 
switched. Such an arrangement comprises a multi-
meter, which can be used to measure any one of 
several electrical quantities. Such a meter is the 
Simpson Model 260 Meter, the measuring instru-
ment used by many television servicemen. Its 
use in servicing will be discussed later in the 
Course. 

To make a meter movement into a voltmeter, 
resistances are connected in series with the 
movement. These resistances are called multi-
pliers, and their purpose is to extend the range 
of the meter. They are usually mounted right 
inside the meter case, which is equipped with 
two terminals to which leads can be quickly 
connected. Ammeters have small resistances 
called shunts connected in parallel with the 
movement, also for the purpose of extending the 
range of the instrument. In referring to volt-
meters and ammeters from here on, we shall 

mean to include within that term the multipliers 
and shunts as a part of the meter. 

The three types of measuring instruments 
differ in the manner in which they are used. The 
ammeter must carry the same current that flows 
in the circuit being measured. Therefore the 
ammeter must be inserted in series with the 
circuit. For this reason, the circuit must be 
broken to insert the ammeter. 

To measure voltage, it is necessary that the 
same voltage appear across the voltmeter as 
across the circuit or component whose voltage is 
to be measured. If we are merely measuring the 
terminal voltage of a battery, we can simply 
connect the meter terminals to the battery ter-
minals. But usually, we want to measure the 
voltage drop across one or more resistors. There-
fore the voltmeter must be connected in parallel 
with the circuit. 

The manner of connecting ammeters and volt-
meters is illustrated in the following diagram, in 
which the circles lettered " A" and "V" are the 
ammeter and *voltmeter respectively, including 
their associated internal circuits: 

Fig. 16-45 

Ohmmeters are simply ammeters containing 
their own voltage source — usually a flashlight 
battery installed somewhere in the meter case — 
and calibrated to read directly in ohms instead of 
amperes. They are used by connecting the meter 
across the resistor to be measured — after first 
making sure that no current is flowing in the re-
sistor. It is usually necessary also to disconnect 
one end of a resistor to be measured, in order to 
avoid the effect of other resistances in parallel 
with it. 

The D-c Voltmeter. — We have shown that the 
deflection of a.meter needle is proportional to the 
current through its coils. But since this current 
is proportional to the voltage across the termin-
als of the movement, the dial may be calibrated 
directly in volts. 
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However, this in itself does not make a very 
practical voltmeter. The resistances of meter 
movements are relatively low, and consequently 
only very small voltages can be tolerated across 
the movement. Otherwise, burnouts would result. 
This obviously restricts the range of voltages 
which the meter can be used to measure. As we 
mentioned earlier, the range of the meter can be 
extended by the use of multiplier resistances. 

A simple voltmeter circuit might look like this: 

Fig. 16-46 

Suppose the movement is a 1 ma. movement, 
with a resistance of 40 ohms. The highest volt-
age that can be applied to the movement is E = 
IR = 0.001 x 40 e 0.04 volt. But because of the 
addition of the 960 ohm multiplier, the resis-
tance of the movement is only 40/1000 of the 
total resistance between terminals / and 2. If 
we apply 1 volt across these terminals, 0.960 
volt will appear across the multiplier, and only 
0.04 volt across the movement, as required for 
full-scale deflection. Similarly, if we apply 10 
volts across terminals 1-3, 9 volts would appear 
across the 9000 ohms, and only 1 volt across the 
movement and the 960 ohm resistor. Again we 
should get full scale deflection. 

This circuit thus gives us a two-range meter. 
By the use of additional multipliers, we could 
provide additional ranges of 50, or 100 or 500 
volts, as high as we cared to go. The scale of 
the movement could of course be calibrated to 
read directly in voltages for any of these extended 
ranges. 

In extending the range of a voltmeter, the 
question may arise, have we increased its sen-
sitivity? The answer is a definite no. The sensi-
tivity of the meter depends on the amount of 
current required for full-scale deflection. This 
has not changed. The whole point of the multi-

pliers is to limit the current to that value. How-
ever, the sensitivity of the voltmeter — which 
is the same as the sensitivity of the movement 
— can also be found in ohms per volt by dividing 
the total resistance of meter and multipliers for 
a particular range by the full scale reading of 
that range. 
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When Does a Voltmeter Read Correctly? — Any 
voltmeter, no matter what its sensitivity, will 
give a correct voltage reading when connected 
directly across a low-resistance source such as a 
battery. But if the source has a high resistance, 
or the measurement must be made across one of 
two or more large resistances in series, the 
sensitivity of the meter will greatly influence the 
reading. Many d-c voltage measurements on 
television receivers must be made across high 
resistances. If a low-sensitivity meter is used, 
extremely large errors will result. This is most 
clearly shown by an example. 

Example: 220 volts are applied across two resistors 
in • series, 0.8 megohm and 1.2 megohms. The voltage 
is to be measured across the 0.8 megohm resistor, us-
ing the 200-volt scale of a meter whose sensitivity is 
2000 ohms per volt. ( a) What is the correct voltage 
across the 0.8 megohm resistor? ( b) What will the 
meter read? 

Solution: The circuit is like this: 

Fig. 16-47 

(a) If the meter is not connected, the required volt-
age is easily computed by the laws of series circuits: 

V 0.8  

220 1.2 + 0.8 

V = 88 volts 

(b) When the meter is connected as shown, however, 
the resistance between the ends of the 0.8 megohm 
resistor is not that of the resistor itself, but the 
equivalent resistance. of the resistor in parallel with 
the meter. The meter resistance is 

Rm = 200 volts x 2000 ohms/volt 

= 400,000 ohms = 0.4 megohm 

The equivalent resistance between the meter terminals is 

0.4 x 0.8 
R =   - 0.2667 megohm 

0.4 + 0.8 

The voltage across this resistance, applying series 
circuit principles again, is 

0.2667 
V = 220 x   - 40 volts 

0.2667 + 1.2 

Since this is the voltage actually across the meter 
terminals, this is what the meter will read — less than 
half the true voltage when the meter is out of the 
circuit. 
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So we see that a low sensitivity voltmeter — 
which is a low resistance voltmeter — reduces 
the equivalent resistance across which we want 
to measure voltage, and thus reduce that voltage. 
If the meter is connected across a low resistance, 
the error is negligible. But if the resistance in 
parallel with the meter is of the same order of 
magnitude as the meter resistance, or larger, the 
error can be very great. Another way of looking 
at it is that if the meter requires, for full-scale 
deflection, a current comparable to that flowing 
in the circuit to be measured, it " steals" some 
of the current from the resistor. This is referred 
to as the loading effect of the meter. To give 
absolutely correct readings, no meter can be 
permitted to load the circuit under test, or other-
wise disturb the current and voltage conditions 
already existing. 

If you will go through the calculations of the 
foregoing example, using a meter having a sensi-
tivity of 20,000 ohms per volt, you will find that 
the reading is 78.6 volts. This is still a surr 
stantial error, but it is much closer to the correct 
value of 88 volts. The larger the resistance of the 
voltmeter, the closer will the reading be to the 
correct value. 

The D-c Ammeter. — When a movement is to 
be operated as an ammeter, the problem is again 
one of limiting the current through the movement 
to that required for full-scale deflection, but still 
permitting larger currents to be passed by the 
circuit. This requirement is met by placing low 
resistance shunts across the movement, by-
passing most of the current. Thus, using as an 
example the 1 ma. 40 ohm movement we dis-
cussed before, we might have a circuit like this: 

104.4 

Fig. 16-48 

With the switch in the position shown, 9 ma. 
would flow through R1, and only 1 ma. through 
the movement. This would produce full-scale 

deflection. But a total of 10 ma. flows through 
the meter as a whole, and this would be the full-
scale reading. 

These current relations can be easily checkect 
by noting that the same voltage appears across 

Fig. 16-49 

movement and shunt. Taking the movement, this 
voltage is E = IR = 0.001 X 40 = 0.04 volt. The 
shunt must take the remainder of the 10 ma., or 
9 ma. We can find the required shunt resistance 
by applying Ohm's Law: R1 = ElI 1 = 0.04/0.009 
= 4.44 ohms. 

By proper choice of values for R 2 and R3, we 
could provide additional ranges of 50 or 100 ma., 
or whatever ranges we wished, which could be 
used merely by resetting the selector switch. 

Precaution. — A meter movement is a delicate 
device. It has jeweled bearings like a watch. Not 
only must it be handled carefully to prevent 
mechanical damage, but proper precautions must 
be taken against burning out the movement by 
excessive current. For this reason, in using a 
voltmeter or ammeter, always make sure that the 
range of the instrument used is greater than the 
value you are going to measure. If you don't know 
the approximate value to be measured, select 
the highest range meter (or highest range of a 
multimeter) available, and gradually work down to 
smaller ranges until you can get a readable de-
flection. 

The Ohmmeter. — There is no way of measuring 
resistance directly. Any measurement of resistance 
must be made in terms of the current that flows 
in a resistance, either due to a known voltage, or 
by comparison with the current through a known 
resistance. If the voltage in a circuit is held 
fixed, then the current will depend only on the 
resistance of the circuit. This current can be 
measured by an ammeter, and its dial can be 
calibrated directly in ohms of resistance. Thus 
an ohmmeter is merely an ammeter that is pro-
vided with its own voltage source. 

There are two main types of ohmmeters, series 
and shunt. The series ohmmeter circuit is like 
this: 

Rg 

The voltage source E is usually a flash-light 
battery mounted in the meter case. Disregard R1 
for the moment. If an unknown resistor Rx is con-
nected to terminals 1-2, a current will flow through 
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the series circuit thus completed. The larger Rx, 
the smaller the current. The meter scale will 
therefore have its maximum current, correspond-
ing to zero resistance across 1-2, at the upper 
end of the scale. 

Since the battery voltage can change over long 
periods, it is necessary to provide an adjustment 
so that zero resistance will give full-scale de-
flection. This is done by shorting the terminals 
1-2 and adjusting the variable resistor Ra so the 
meter reads zero ohms. 

Zero current — the low end of the scale — 
corresponds to infinite Rx, or open circuit at 
1-2. The scale, calibrated in ohms, will look like 
this: 

Seel: 

Fig. 16-50 

Notice that this is a non-linear scale — equal 
intervals along the scale do not correspond to 
equal increments of resistance. The high numbers 
are crowded at the low end of the scale. This 
makes it difficult to read high values accurately. 
13ut now suppose we remove the shunt resistance 
R1 by opening the connection 3. More current will 
now flow through the meter (but about the same 
current through Rx), deflecting the needle up to 
the top end of the scale. If R1 has a proper value, 
the reading on the scale will now be some de-
finite fraction of Rx, such as 1/10 or 1/100. So 
by multiplying the reading by 10 or 100, we get 
a more accurate measurement of Rx than was 
possible before. SeveraL such shunt resistors 
would provide several ranges for our ohmmeter. 
Alternatively, the range may be extended by in-
creasing the battery voltage. 

An alternative circuit that can be used as an 
ohmmeter is as follows: 

Fig. 16-51 
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Here the unknown resistance is connected in 
shunt with the meter. Now the larger Rx is, the 
less current will flow through it, but the more 
current will flow through the meter. The scale of 
the shunt ohmmeter, therefore, will show high 
resistance values at the top end of the scale. 
The scale will still be non-linear, however, with 
the numbers crowded toward the top end, thus: 

Fig. 16-52 

Adjustment of Ra is made for full scale de-
flection (infinite resistance) with terminals 1-2 
open. It is obvious that shorting the terminals 
would short out the meter, and it would read 
zero for any setting of Ra. 

The shunt ohmmeter circuit is generally used 
only for very low resistance ranges. This is 
because in order to have any appreciable effect 
on the meter current, the parallel-connected Rx 
must be of the same order of magnitude as the 
meter resistance itself. 

The Simpson Model 260 Meter. — As previously 
noted, this is a multimeter, and is commonly used 
for field measurements by television servicemen. 
It looks like this: 

Fig. 16-53 
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The meter comes with a pair of leads that can 
be easily plugged into jacks on the meter case. 
Provision is made, by suitable selector switches, 
for the measurement of direct voltages and cur-
rents, alternating voltages, and resistance. 

The meter movement has a sensitivity of 
20,000 ohms per volt, which is entirely adequate 
for most servicing work. The scale is long and 
easy to read. The assembly is easily portable, 
and rugged. It should, nevertheless, be handled 
carefully, as no delicate mechanism can take too 
much abuse. 

The d-c voltage ranges available are 2.5, 10, 
50, 250 and 1000 volts. Switching from one range 
to another is easily accomplished by a single 
rotary selector switch. An additional range, up to 
5,000 volts, is furnished by a separate terminal, 
in series with which is an additional multiplier 
resistance of 80 megohms. The d-c voltage cir-
cuits are arranged as follows: 

R15 R/4 ' R8 R /2 RIO 

/5A112 4 M.11 8001(11 1501(.11 301(11 
50 V 
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1000V 
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MA 
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Fig. 16-54 

Five d-c ammeter ranges are provided, ranging 
from 100 microamperes to 5 amperes, full scale. 
Current measurements are almost never made 
directly in TV servicing work, because of the 
necessity for breaking the circuit to insert the 
meter in series with it. For this reason, we will 
not consider the ammeter circuits in detail. 

The Simpson 260 Meter has three ohmmeter 
ranges — R, R x 100, and R x 10,000. The cir-
cuit used is a combination of the series and shunt 
type. In addition, an extra battery is switched 
into the circuit automatically when it is set for 
the high resistance range. The ohmmeter circuits 
are shown in Fig. 16-55. 

It is left as an exercise for the student to 
study this circuit diagram carefully, justify the 
statement made above regarding the composite 
nature of the circuit, and finally explain to him-
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self how the circuit provides three separate 
ranges of the values stated. 

The Model 260 ' also contains provision for 
measuring a-c voltages at power frequencies and 
low audio frequencies. We are not yet prepared to 
study their operation, which depends on both the 
frequer.cy and the waveshape of the voltage to be 
measured. A-c voltmeters will be studied separately 

later in the course. A word of caution here, how-
ever, will not be amiss. There are many varieties 
of a-c meters, and unless we know just how a 
particular meter works, and exactly what value it 
is intended to measure, we may get readings that 
can be more misleading than helpful. 

SPECIAL D- C CIRCUIT ELEMENTS 

16-9. The circuits encountered in TV receiv-
ers carry both d-c and a-c — often both in the 
same circuit. Some of the components are in-
cluded in the circuit because of their a-c prop-
erties. Such for example, are coils and con-
densers, whose a-c functions will be discussed 
in Lesson 17. These same components, however, 
have definite properties in d-c circuits. And 
since both direct and alternating current often 
flow in the same circuit, we should consider the 
d-c properties of these components here. 

Also, there are a few special kinds of resis-
tors whose behavior is not explained strictly by 
Ohm's Law. It is the purpose of this section to 
discuss briefly these exceptions and apparent 
exceptions to the d-c circuit principles developed 
in this lesson. 

Coils as D-c Elements. — In connection with 
meters, we showed that when a wire is formed 
into a coil, the magnetic field set up by a cur-
rent in the wire is concentrated within the coil. 
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It will be explained in Lesson 17 that such a 
coil has the property of inductance, which is 
very important in a-c circuits. ( Actually, even 
a straight wire possesses some inductance, but 
it is so small that its effect is negligible except 
at extremely high frequencies.) The symbol by 
which a coil is represented in schematic dia-
grams is like this: 

Fig. 16-56 

So far as d-c is concerned, the coil differs in 
no degree from a straight wire of similar length. 
However, all wires have some resistance. In draw-
ing schematic diagrams, we neglect the resist-
ance of the connecting wires, because the re-
sistance of short wires is extremely small. But 
the length of wire of which a coil is made may 
have appreciable resistance. This is not always 
shown as such on the schematic diagrams of 
TV receivers. It is common practice to letter on 
TV schematics the resistance of all coils of 1 
ohm or more, and sometimes even less. But even 
here you have to look carefully for the lettering, 
because the resistance is not represented by the 
zigzag symbol. In tracing such circuits, therefore, 
always remember that the coil has a resistance, 
whether it is shown on the diagram or not, and 
that this resistance is often enough to account 
for a measurable d-c voltage drop across the ends 
of the coil. 

Condensers as D-c Elements. — A condenser, 
as we shall explain in Lesson 17, consists es-
sentialLy of two conductors separated by an in-
sulator. So far as d-c is concerned, a condenser 
is an open circuit, and no direct current can 
flow through it. This is not true of alternating 
current, as we shall see. 

Condensers are represented schematically in 
several ways, thus: 

Hr-

Fig. 16-57 

The only thing we need to know right now is 
that when they appear in a d-c circuit, they may 
be treated as any other open circuit. 

It should be emphasized that the foregoing 
statements about coils and condensers apply 
only for steady direct current. They do not apply 

if the conditions are changing, as when a switch 
is suddenly opened or closed. For instance, if a 
resistor and a condenser are connected in series 
with a battery and switch, a current does flow 
for a brief time after the switch is closed — in 
spite of the fact that the condenser is an open 

circuit for d-c. This phenomenon will be covered 
further in the next lesson. 

Linear and Non-Linear Resistances. — Ohm's 
Law has told us that the current that flows through 
a resistor is proportional to the applied emf. This 
implies, among other things, that the current 
flows equally well in either direction. If we were 
to plot a graph of the current and voltage drop of 
such a resistor, we would get the following pic-
torial representation of how it behaves: 

Fig. 16-58 

Since this graph is a straight line, the resis-
tor would be called a linear element, or more 
specifically, a linear resistance. The graph also 

tells us the value of the resistance. We can pick 
any point on it, such as A, 13 or C, and follow 
lines parallel to the axes to the corresponding 
values of E and I. By taking the ratio of these 
two values, we get the resistance. Thus, for 

point A, R 2/1 = 2 ohms. If the resistance is 
linear, we get the same value of resistance no 
matter what point on the curve we pick. (A graph 
like this is also called a curve, even though it is 
straight. It is also called a characteristic curve 
or just plain characteristic.) Thus, for point R, 
R = 5/2.5 = 2 ohms. 
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Now consider a common electric light bulb — 
or the heater of a vacuum tube, which behaves 
in much the same way. It is normally operated 
with enough current to get it red hot or even 
white hot. Its temperature thus increases several 
hundred or even several thousand degrees. But 
we know that this increases its resistance. If we 
plotted a characteristic curve of the heater, we 
would not get a straight line, but something like 
this: 

0.5 

0.4 

0.3 

0.2 

0.1 

Fig. 16-59 

At point 1, we find the resistance is R = 6/0.5 
= 12 ohms. But if we take point R, R = 2/0.3 = 
6.67 ohms. Thus the resistance varies according 
to the current flowing. Such a resistance, because 
of the shape of its characteristic curve, is called 
a non-linear resistance. 

Although we can use Ohm's Law to find its 
resistance at any one point on its characteris-
tic, we could not find the current by the use of 
Ohm's Law alone. Ohm's Law says that I = E/R. 
To find the current we must know both E and R. 
But since R varies with I — the quantity we 
want to find — we would have to have the char-
acteristic curve of the resistor, and from it find 
the resistance value corresponding to the voltage 
value we were interested in. But if we have such 
a characteristic curve, we can read the current 
directly from it, without using Ohm's Law. This 
is what we mean when we say that a non-linear 
resistance does not follow Ohm's Law. Actually, 
it does, but we can't make practical use of the 
fact by the methods we have already discussed. 
Circuits involving non-linear elements are usual-
ly solved, if it is required, by graphical methods 
which will be explained in a later lesson. 

Vacuum Tubes as One-Way Resistors. — Vacu-
um tubes will be covered more thoroughly in 
Lesson 19. Most of us know, however, that they 

consist of two or more electrodes enclosed in a 
vacuum. When one of the electrodes — the cathode 
— is heated, it emits electrons, which flow to 
the plate.. This takes place, however, only if the 
plate potential is positive with respect to the 
cathode. If the plate is negative, no current flows. 

The relation of current to the voltage between 
cathode and plate is shown in the following typi-
cal characteristic curve: 

4.0 80 120 160 200 

Fig. 16-60 

It will be noted that even when the plate is 
positive, the tube is not quite linear. We could 
pick two points on the curve, and calculate the 
resistance of the tube as we did before, and get 
two different answers. And when the plate is 
negative, the curve shows that no current flows. 

The tube is not a physical resistance as we 
think of such things. That is, it does not depend 
for its current-carrying properties on the random 
migration of electrons through solid material. But 
if we think of resistance as simply opposition to 
current, measurable as the ratio of voltage to 
current, we can then speak of the resistance of 
the tube. The vacuum tube, then, is a special 
kind of resistor from several points of view. It is 
non-linear. It is also a one-way conductor. It must 

16 

12 

o 

lb (me) 

Eb 

40 60 120 160 200 

Fig. 16-61 
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be viewed as a d-c resistance if the plate poten-
tial is positive; but an open circuit if the plate 
potential is negative. 

Vacuum tubes have one other peculiar property 
as d-c circuit elements. By making a third elec-
trode, the grid, negative with respect to the 
cathode, the characteristic curve is altered some-
what as shown in Fig. 16-61 

For any one value of plate voltage, we have 
reduced the amount of current that would flow. 
We have thus increased the d-c resistance of the 
tube for each value of plate voltage. Thus the 
third important d-c property of vacuum tubes is 
that they act as adjustable resistors, whose re-
sistance depends not only on the plate voltage 
applied to them, but on the grid voltage as well. 
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17- I. THE NATURE OF ALTERNAT ING CUR - 
RENT 

In the " D-C Electricity" lesson we 
discussed direct current or d-c as the 
steady flow of electrical charges in one 
direction. There is a common misconcep-
tion that alternating current is a different 
kind of electricity. Actually, there is no 
such thing as kinds of electricity. Basic 
electrical charges always obey the funda-
mental laws of attraction and repulsion 
that we have already discussed. 

The difference between d-c and a-c is 
not a difference of kind but of behavior. 
Alternating current is simply current that 
is continuously varying, both in strength 
and direction; alternating voltage is 
voltage that is continuously varying, 
both in strength and polarity. Alternating 
current flows when an alternating voltage 
is applied to a circuit. Most of the sig-
nals in television and radio receivers are 
alternating voltages or currents. 

Let us examine the variations of the 
alternating voltage and current in the 
simple circuit shown in Fig. 17-1a: a 
generator of a-c voltage connected to a 
resistor. 

The most common method of showing 
variations in voltage or current, or both, 
is by means of a graph, as shown in 
Fig. 17-1b. Here we have a horizontal 

(b) 
4• 

Fig. 17-1 

reference line that represents time. We 
can divide this into equal sections, start-
ing at the left, and call each section a 
second or a fraction of a second. Travel-
ing to the right along the time line or 
axis indicates the passage of time. The 
vertical reference line represents voltage 
or current. This can be marked off in 
equal sections representing volts or 
amperes. The point at which the vertical 
line is intersected by the horizontal line 
is the zero point, at which voltage,cur-
rent, and time have zero values. 

Everything above the horizontal line 
represents voltage of positive polarity or 
current of positive direction. The higher 
the voltage or current rises above the 
reference line, the greater is its strength. 
Everything below the horizontal line 
represents negative polarity or direction. 

Now let us use the graph to see the 
alternating voltage and current in the 
circuit of Fig. 17-1a. When there is no 
difference of potential between terminals 
1 and 2, no current flows through the 
resistor R. At such a point, both voltage 
or current and time are, as shown, at the 
zero point on the graph. 

An instant later, a very small voltage 
appears across the terminals, making 
terminal 1 slightly positive with respect 
to terminal 2. We know from the previous 
lesson that a current will begin to flow 
from the negative terminal, up through 
the resistor, toward the positive terminal. 
We say that this current is flowing in the 
positive direction. The voltage constant-
ly increases in strength, and from Ohm's 
law we know that the current must also 
increase. 

The voltage is shown on the graph by 
the steadily rising solid line. The ac-
companying current increase is repre-
sented by the dashed line. The fact that 
neither line levels off shows that both 
quantities are continuously varying. 

After a steady increase in the strength 
of the voltage, a point is reached at which 
it begins to decrease in strength, and 
the voltage curve swings downward on 
the graph. The highest point reached 
while the polarity of the voltage is posi-
tive is called the positive peak. As the 
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voltage begins to decrease, the current 
must follow, so in this simple resistive 
circuit the positive peaks of voltage and 
current occur at the same instant. 

As shown by the lines on the graph, 
both voltage and current decrease steadi-
ly until they reach zero together. At this 
instant there is again no difference of 
potential between terminals 1 and 2. An 
instant later there is a slight voltage 
between the terminals, but this time 
terminal 1 is slightly negative with re-
spect to terminal 2. The polarity of the 
voltage has reversed. The current in the 
circuit always flows from negative to 
positive, so current is now flowing through 
the resistor in the opposite direction. 
We say that it is now flowing in the 
negative direction. 

On the graph, the reversals of volt-
age and current are shown by the fact 
that the solid and dashed lines are now 
on the negative side, below the horizontal 
reference axis. The voltage and current 
steadily increase negatively, pass through 
a negative peak, and then decrease until 

both again reach zero at the same instant. 

At this point the voltage and current, 
starting from zero time, have swung 
through a range of positive values, re-
versed, gone through a range of negative 
values, and returned to zero. We call this 
one complete cycle of alternating voltage 
or current. The shape of the voltage or 
current graph is called the waveshape or 
waveform. 

If we were to follow the waveform 
from the end of this first cycle, we would 
find that it repeats itself time after time. 

We would also find the voltage reverses 
polarity and the current reverses direc-
tion each time they pass through zero, 
and that each complete cycle takes the 
same length of time. The number of com-
plete cycles through which the voltage or 
current passes in a second ( abbreviated 
cps) is its frequency. The frequencies of 
alternating voltages vary over a tre-
mendous range, from a few cycles per 
second to millions of cycles per second. 

Examining the waveforms in Fig. 17-
lb, we find that one complete cycle goes 

through two alternations, each of which 

lasts a half cycle. A complete cycle 
however, need not begin and end at zero. 
Looking at Fig. 17-2, we can also trace 
a complete cycle by starting at the posi-
tive peak, running through zero and the 
negative alternation, and ending at the 
next positive peak. In this case the posi-
tive alternation is broken into two parts; 
one from the positive peak to zero; the 
other, following the negative alternation, 
from zero to the positive peak again. 
However, all the values are there. Simi-
larly, a complete cycle can be traced 
from one negative peak to the next. 

i cycle —01 

Cycle —mq 

Fig. 17-2 

In Fig. 17-2, the waveform between 
A and A' is a complete cycle. The wave-
form between B and 8' is also a com-
plete cycle. Note, however, that from a 
positive peak to the next negative peak 
is only a half cycle, because, while the 
voltage alternates in polarity, it does not 
pass through two complete alternations. 
For any regularly repeating quantity, a 
cycle is a complete series of positive 
and negative values. 

The a-c waveforms illustrated in 
Fig. 17-lb and 17-2 are called sine waves. 

They occur more frequently than any 
other type of wave. Although we will en-

counter many different a-c waveforms in 
television receivers, the sine wave is 
basic. Sine- wave voltage can be gener-
ated mechanically or electronically. 

Since the frequencies of alternating 
voltage may vary over such a wide range, 
it is convenient to refer to them by the 
use of prefixes. For example, a thousand 
cycles per second is referred to as a 
kilocycle (kc), and a million cycles per 

second as a megacycle (mc). Thus the 
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picture intermediate frequency of a TV 
receiver may be written as 45.75 mc, 
rather than 45,750,000 cps. The more 
important prefixes used in radio and 
television are given in tabular form in 
Table A. 

Prefix 

micro-
m icro 

micro 

milli 

kilo 

mega 

TABLE A 

Equivalent 

.000 000 000 001 

.000 0 01 

.001 

1,000 

1,000,000 

Powers 
of Ten 

10-12 

10-6 1 microampere = 
.000 001 ampere 

10-6 1 millivolt = 
.001 volt 

106 1 kilocycle = 
1,000 cycles 

106 1 megacycle = 
1,000,000 cycles 

Example 

1 micromicrofarad = 
.000 000 000 001 farad 

Also shown in Table Aare equivalent 
values in powers of ten. Powers of ten 
are a form of engineering shorthand much 
used in a-c and other calculations. By 
the use of this notation, very large or 
very small numbers can be expressed 
without writing long series of zeros. 
Examination of Table A will show that 
the exponent (the small number above and 
to the right of the ten) indicates how 
many times ten is multiplied by itself. 
For example, to convert 6,000,000 to 
powers of ten, the decimal point is moved 
6 places to the left, and the exponent 
becomes 6, thus: 6,000,000 = 6 x 106. 
It might also be written .6 x 107 or 60 x 
10 5. Thus 45.75 mc may be written as 
45.75 x 10 6. In the case of negative 
numbers, the decimal point is moved to 
the right and the exponent becomes nega-
tive. For example, 1 milliampere = .001 
ampere = 10 -3 ampere. Similarly, 250 mi-
cromicrofarads = 250 x 10'6 microfarad, 
or .00025 microfarad. 

I 7 - 2. INDUCED VOLTAGE AND CURRENT 

From the "D-C Electricity" les-
son we know that current flowing through 
a conductor creates a magnetic field 
around the conductor. A current-carrying 
wire, placed in another magnetic field, 

(a) 

has a mechanical force exerted against 
it, tending to push it away from the sec-
ond magnetic field in one direction or the 
other. This occurs because, as shown in 
Fig. 17-3, the magnetic fields cancel on 
one side of the wire but join forces on 
the other side. 

force 
on 
wire 

(b) 

Fig. 17-3 

On the other hand, when a wire is 
moved through a magnetic field so that it 
cuts across the magnetic lines of flux or 
force, a voltage is generated in the wire 
and if the wire is connected to an ex-
ternal circuit this voltage causes a cur-
rent to flow. 

The same thing happens if the lines 
of force are moved so that they cut 
across the wire. In either case, the 
voltage generated in the wire is called 
an induced voltage, and the current that 
flows as a result is called an induced 
current. The process is called induction. 
It is the basic principle on which a-c 
generators operate. Mechanical energy 
used to move the wire is transformed to 
electrical energy. 

An a-c generator in its simplest form 
may be represented by a single loop of 
wire, called an armature, mounted to ro-
tate on a shaft between the north and 
south poles of a permanent magnet. This 
arrangement is shown in Fig. 17-4. 

Two sides of the loop A-A' and B-B/, 
are always at right angles to the direc-
tion of the magnetic lines of force be-
tween the poles. As the armature rotates, 
these sides cut the lines of force, and a 
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direction of 
rotation 

direction of 
current flow 

(a) 

direction of 
rotation 

no current flow 

(a) 

Fig. 17-4 

voltage is induced in each side. The 
magnitude of the induced voltage is de-
pendent upon the number of flux lines 
that are cut by the loop in a given period 
of time. The polarity of the induced 
voltage depends upon the direction in 
which the loop is moving and the direc-
tion of the field of force. When the loop 
is in the position shown in Fig. 17-4a, 
the greatest number of lines of force are 
being cut. Hence the maximum voltage is 
induced when the loop is this position. 
When the loop reaches the position shown 
in Fig. 17-4b, no lines are being cut, and 
the induced voltage is zero. 

In Fig. 17-4a, side A-A' of the loop is 
moving downward, and a voltage is in-
duced in that side, At becoming negative 
with respect to A. At the same time, side 
B-B' is moving upward, and a voltage is 
induced in that side, B becoming nega-
tive with respect to 8'. Since the two 
sides of the loop are connected in series, 
these induced voltages add. The total 
voltage at the terminals of the loop, 
therefore, is the sum of the voltages in-
duced in each side, and the polarity is 
as shown in the figure. If the ends of the 
loop are connected to an external circuit 
current will flow from the negative termi-
nal of the loop, through the external cir-
cuit, to the positive terminal of the loop. 

The value of the voltage induced de-
pends upon the number of lines of force 
cut in a given time. If the number of flux 

direction of 
rotation 

direction of 
current flow 

(c) 

lines is increased, or the loop is rotated 
at a faster rate, a greater voltage is in-
duced. Between the positions of zero and 
maximum voltage, the sides of the loop 
cut an increasing number of flux lines in 
a given time, so that the voltage rises 
steadily from zero to maximum. Between 
maximum and zero, the induced voltage 
decreases as flux lines are cut at a de-
creasing rate. From one zero point to the 
next the polarity of each side of the loop 
remains the same, so the result at the 
loop ends is a voltage that follows the 
shape of a single alternation or one-half 
cycle of the waveform shown in Fig. 17-2. 

As the loop passes the zero voltage 
point, however, the side that had been 
moving downward begins moving upward 
through the field, changing the polarity 
of the induced voltage. The side that had 
been moving up begins moving down, also 
reversing the polarity of the induced 
voltage. Since the induced voltages are 
in series, the end of the loop that was 
positive becomes negative, and the other 
becomes positive. This is shown in Fig. 
17-4c. The voltage waveform obtained 
from the loop thus begins an alternation 
opposite in polarity from the first. 

One complete revolution of the loop 
or armature, therefore, results in one 
complete cycle of sine-wave a-c voltage. 
The fact that the sides of the armature 
move in a circle in a uniformly dis-
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tributed magnetic field is responsible for 
the sine-wave shape of the induced volt-
age. 

Illustrated in Fig. 17-5a is an end-on 
view of the loop in a simple a-c genera-
tor. The dashed circle represents the 
path followed by the sides of the loop, 
and the two dots at the ends of the ar-
rowheads are the sides of the loop. The 
loop is shown in the zero voltage posi-
tion, as can be seen by comparing the 
figure with Fig. 17-4a. Since equal magni-
tudes of voltage are induced in both 
sides at a given time, however, we need 
consider only what is happening in one 
side. Therefore, we can represent the 
loop as shown in Fig. 17-5b. The loca-
tion of the arrowhead shows the position 
of one side of the loop, and we can ro-
tate the arrow around the circle to repre-
sent the position of the other side of the 
loop at any instant. 

(a) (b) 

Fig. 17-5 

Such a circle is often divided into 
360 degrees for convenience in locating 
positions on its circumference. In this 
way we can denote the position of the 
loop in the magnetic field in electrical 
degrees. Furthermore, we can project the 
circle along a straight line, and divide 
the line into 360 electrical degrees. 
Doing this, we can draw the waveform 
curve and see at a glance the magnitude 
of voltage induced in the loop at any 
position in its rotation. 

How this is done can be seen in 
Fig. 17-6. The straight line upon which 
we project the circle is the time line of 

the waveform graph in Fig. 17-1. The 
distance between 0° and 360° represents 
the time in which the loop armature 
makes one revolution, divided into de-
grees for convenience. 

At (a) of Fig. 17-6, the loop is paral-
lel to the lines of force, at 0°. No flux 
lines are being cut, so no voltage is in-
duced in the side of the loop. In Fig. 
17-b, however, the loop has rotated 
counterclockwise to 45°, some flux lines 
have been cut, and a voltage has been 
induced. The magnitude of the induced 
voltage is always proportional to the 
distance between the arrowhead and the 
reference or 0° line. The distance is 
represented in the figure by the dashed 
line A. This line, mathematically, is 
called the sine of the angle the loop 
makes with the 0° line. By projecting 
this sine, the vertical projection A, on 
the horizontal time line at the 45° mark 
and drawing a smooth curve up to it from 
zero, we can show how a 45° portion of 
the sine curve is generated. 

The drawings of Fig. 17-6c through 

17-6i follow the loop through one com-
plete revolution, generating one cycle, 
or 360 electrical degrees. Notice that 
the polarity of the induced voltage re-
verses at 180 0 or a half cycle. The posi-
tive peak occurs at 90°, and the nega-
tive peak at 270°. 

The speed at which the loop revolves 
determines the frequency of the induced 
voltage. If it makes 60 revolutions per 
second, a 60-cycle voltage is generated; 
400 revolutions per second produce a 
400-cycle voltage, etc. 

Phase and Phase D ifference — Quite 
often we encounter two alternating quanti-
ties, such as voltage and current, that 
have a time difference between them. 
For instance, an a-c voltage may reach 
its positive peak at the instant the a-c 
current in the same circuit reaches zero. 
The voltage, then, must have started its 
cycle 90 electrical degrees or a quarter-
cycle before the current. As long as the 
voltage and current have the same fre-
quency, this time difference between 
them will remain the same. It is called 
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the phase difference or phase angle. Re-
member that, basically, it means a dif-
ference in time. 

We can show a phase angle or phase 
difference of 90° by waveforms on a 
graph, as in Fig. 17-7a. Note that A is 
at 90° when B starts. We express the 
difference by saying that A leads B by a 
phase angle of 90°, or that B lags A by 
90°. 

If two quantities such as voltage or 
current are exactly in step, beginning 

901\ 
o 
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and ending their cycles at the same in-
stant, they are said to be in phase. They 
need not be of the same magnitude. One 
may be very large and the other very 
small, but they are in phase if their 
cycles begin and end at the same time. 

Phase differences may be great or 
small, from 1° to 359°. When the phase 
angle is 180°, the polarities of two quan-
tities are exactly opposite, as shown at 
Fig. 17-7b. 

The phase differences between two 
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(a) 

(b) 

Fig. 17-7 

voltages or two currents, or between a 
voltage and a current, are very important 
in a-c work. For instance, when an a-c 
voltage is applied to a circuit that con-
tains only resistance, the current in the 
cirèuit remains in phase with the applied 
voltage. Later in this lesson, however, 
we will see that capacitance causes the 
current to lead the voltage and induct-
ance makes the current lag the voltage. 

Types of A.0 Waveforms — Thus far 
we have considered the sine-curve (also 
called sinusoidal) a-c waveform. There 
are many other waveforms however, sev-
eral of which will be found in the cir-
cuits of television receivers. 

We are primarily interested in periodic 
waves— that is, waves that repeat them-
selves at definite time intervals. When a 
waveform repeats itself regularly, it must 
have a definite frequency, regardless of 
the shape of each cycle. If we place a 
sine wave of the same frequency in phase 
with the periodic wave, their cycles must 
begin and end at the same instant. Such a 
sine wave is called the fundamental of 
the periodic wave. 

Figure 17-8 shows three common non-

sinusoidal waveforms. The waveform at 
(a) is called a square wave. Its funda-
mental is the sine wave A. Square waves 
are widely used in TV, although we sel-
dom encounter the complete waveform, 
as shown here. Usually we see a series 
of positive or negative alternations, 
which can be illustrated on the drawing 
by covering everything above or below 
the reference line, leaving one set of 
alternations , either positive or negative. 
Such alternations, all of the same polar-
ity, are often called square-topped pulses. 
A pulse is a single alternation of voltage 
or current which (usually) starts at zero 
and returns to zero. 

;40-- I cycle-4 

I 

(a) square wave 

I cycle 

A 1 

lcycle IJ 

(b) sawtooth wave 

(c) pulses 

Fig. 17-8 

Actually, a series of positive or nega-
tive pulses constitutes a d-c voltage or 
current, because there is no reversal of 
polarity if the opposite half cycles are 
completely suppressed. The half-cycle 
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pulses are called pulsating d-c, even 
though they are often formed by gener-
ating a square-wave arc voltage and 
cutting off one set of alternations. 

Square-topped pulses are used for the 
sync, blanking, and equalizing pulses in 
the composite television waveform. Thus 
they are found in the sync and deflection 
circuits of TV receivers. Figure 17-8b is 
another type of a-c waveform, called a 
sawtooth wave, which is also found in 
TV deflection circuits. Its fundamental 
is the sine wave A. 

The waveform illustrated in Fig. 17-
8c, a series of spaced pulses, is found 
in the sync section of a television re-
ceiver. Again the sine wave A shows 
the fundamental frequency. At first 
glance this doesn't look right, because 
the voltage or current is zero during most 
of each cycle. Remember, however, that 
frequency is the number ol repetitions 
per second, so each cycle must last 
until the waveform begins to repeat. 

With a pulse waveform like this, no 
work is done in the circuit while the 
voltage or current is at zero, so we're 
interested in the active portion of the 
waveform: the pulses. 

Any a-c voltage may be converted to 
pulsating d-c voltage by using special cir-
cuits that cut off one set of alternations, 
as shown in Fig. 17-9a, or by adding the 
a-c voltage in series with a steady d-c 
voltage. By the latter method the level 
of the a-c may be raised to a point where 
the circuit voltage never reverses polar-

ity, even though the a-c is reversing 
regularly. 

For example, consider the square 
wave shown in Fig. 17-96, in which the 
positive and negative peaks are 10 volts 
each. Suppose we connect a steady d-c 
voltage of + 10 volts in series with the 
square wave voltage. The result of add-
ing the two. voltages is shown in Fig. 
17-9c. During the positive half-cycle, 
the a-c voltage is +10 volts, which must 
add to the d-c, causing a resultant volt-
age of +20 volts. During the negative 
half-cycle, the a-c reverses polarity and 
drops to — 10 volts. But the d-c is still 

+20— 

+15 

+10— 

- 15-

-20— 

+20— 

+ /5— 

+10  

+ 5— 

t:h o 

— 5-

o 

17-9 

negot've olternot'ons 
cut off 

input output 

(a) 

(b) 

+10 volts and the two cancel, producing 
a voltage of zero. Thus the polarity of 
the resultant voltage never reverses, 
even though an a-c voltage is present. 
By adding the d-c component, we have 
raised the square wave above the refer-
ence line and produced a pulsating d-c. 

Complex Wave Analysis — Both the 
square and sawtooth waves, as well as 
other complex types, are created by com-
bining sine waves of different frequen-
cies and amplitudes, starting always with 

the fundamental. That is, to produce a 
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400-cycle square wave, we must start 
with a sine wave of 400 cps. 

The development of the square wave 
is shown in Fig. 17-10. At (a) we add to 
the fundamental sine wave, 1, another 
sine wave, 2, of smaller amplitude and 
three times the frequency of the funda-
mental This is called the third harmonic. 
A harmonic is a frequency that is a 
whole-number multiple of a given funda-
mental; in other words, it may be two, 
three, four, five, etc., times the funda-
mental frequency. If the fundamental in 
Fig. 17-10 were 4D0 cycles, the third har-
monic would be 1,200 cycles, or 1.2 kc. 

When the third harmonic is added to 
the fundamental, the resultant wave, 3, 
has a double peak and steeper sides. At 

(b), the fifth harmonic — five times the 
frequency of the fundamental — is added, 
with the result shown in curve 5. Next, 
at (c), we add the seventh harmonic, 
curve 6. Note that the resultant curve 7 
has a flattened top and sides which are 
quite steep. It is approaching the shape 
of the square wave. As we add more odd-
numbered harmonics, the ripple in the top 
is smoothed out and the waveform be-
comes more nearly square. 

If a sawtooth wave is analyzed, it is 
found to be composed of the fundamental 
and all harmonics. 

In addition to the waveforms we have 
examined, many irregular a-c wave-
shapes exist. In such waves, one alterna-
tion is often longer or shorter than the 
following, and the positive peak may be 
much larger or smaller in magnitude than 
the negative peak. As long as each suc-
cessive cycle has the same time dura-
tion, however, the waves are periodic. 
On the other hand, an aperiodic wave-
form is one in which successive cycles 
have different frequencies — and often 
different shapes as well. The video or 
picture signal in a TV set is aperiodic, 
containing many different waveshapes 
and frequencies. 

A.0 Values — To solve any d-c cir-
cuit, we can apply Ohm's law to de-
termine the values of voltage, current, 

(o) fundamental plus third harmonic 

(b) fifth harmonic added 

7 

(c) seventh harmonic added 
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and resistance, because the d-c voltage 
has a single, unchanging value. 

In dealing with a-c circuits, however, 
this is not the case. A glance at the sine 
curve of Fig. 17-11 shows that every 
point on the curve has a value different 
from that of other points near it. We 
could determine the value at any one 
instant — which is called an instan-
taneous value — but this would not help 
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in solving a circuit, because at the next 
instant the value changes again. An 
instantaneous value, then, might be any-
thing from zero to the maximum value 
reached by the waveform at the positive 
and negative peaks. 

Since the wave repeats itself in-
definitely and always has the same 
shape, the positive and negative peaks 
will always reach the same height, so 
the peak, or maximum value, does not 
change. The maximum voltage of a wave-
form is abbreviated E., or E, and the 
current, 1., or This maximum value 
is often referred to as the amplitude of 
the wave. 

Figure 17-11a shows the maximum or 
peak values, and also the peak-to-peak 
value. This is simply the maximum posi-
tive value added to the maximum nega-
tive value without regard for polarity — 
the total range of values from peak to 
peak. It is often used in measuring com-
plex or non-sinusoidal waveforms that 
have unequal positive and negative 
peaks. 

These values are useful at times, but 
neither can be used to solve an a-c cir-
cuit. Another possibility is to take the 
average of all the instantaneous values 
during one alternation, which gives the 
average value of voltage or current for 
the positive or the negative alterna-
tions. The average value for either the 
positive or negative alternations of a 
sine-wave voltage or current equals 
0.636 times the maximum value. The 
average value of voltage is usually ab-
breviated Eav, and the average value of 
current /cw. The average value of the 
sine- wave voltage in Fig. 17-11b is 6.36 
volts. 

But the average value for a complete 
cycle of a sine wave is always zero, be-
cause the negative and positive alterna-
tions are identical except in polarity. 
Therefore the average values for the two 
sets of alternations cancel out exactly. 
The average value is useful, however, in 
circuits containing only the positive or 
negative alternations of a sine wave, 
such as in half-wave and full-wave recti-
fiers. 

In circuits where the whole a-c wave-
form is present, the best way to obtain 
a useful value is to establish a com-
parison with d-c. The amount of useful 
work done by an a-c voltage or current is 
called the effective, or rms, value. For a 
sine wave, this effective value equals 
0.707 time,s the maximum value. In Fig. 
17-11b, the effective value is 7.07 volts. 
In other words, if this a-c voltage were 
connected to a given resistance, the 
same amount of power could be delivered 
as by a steady d-c voltage of 7.07 volts 
applied to the same resistance. The 
same calculation applies in determining 
effective values of current. 

If we know the effective voltage or 
current of a sine wave, we can find the 
maximum value by multiplying the effec-
tive value times 1.414. 

When we speak of voltage or current 
values in a-c work, we mean the effec-
tive values unless we specifically say 
otherwise. These are designated E and 
/, without subscripts. 

E = 0.707 R. I = 0.707 / 
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17-3. INDUCTANCE 

We have spoken of the principle of 

induction: the inducing of a voltage in 
any conductor that cuts across or is cut 
by magnetic lines of force. We also know 
that current flowing in a conductor causes 
a magnetic field to be formed around the 
conductor. The size and strength of the 
magnetic field is proportional to the 
amount of current flowing, and if the cur-
rent changes the field changes accord-
ingly. 

When an alternating current is applied 
to a wire, the value of current changes 
constantly, and therefore the magnetic 
field about the wire varies in the sanie 
manner. This is shown in Fig. 17-12. 

L) %...9,14)«d p),, 
o b c 

((6)( vitt601,(Q)1) o 

d e 

Fig. 17-12 
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At the beginning of a cycle, when the 
current is zero, there is no magnetic field 
around the wire, a cross-sectional view 
of which appears at a. At b, the current 
is building up and there is a small field 
around the wire. In the figure, a dot in 
the center of the conductor indicates that 
current is flowing in the direction of the 
reader; that is, out of the page. The di-
rection of the flux lines depends upon 
the direction in which current is flowing 
in the wire. The current reaches its 
maximum strength at c, and the field, 
which has been expanding outward from 

the wire, reaches its greatest strength. 
Now the current begins to decrease and 
the field begins to collapse, as shown 
at d. Finally the current is again zero 
and there is no field about the wire, as 
at e. The sketches at f, g, h, and i show 
that the expansion and contraction of the 
field are repeated during the negative 
half-cycle, except that the lines of force 
are in the opposite direction because the 
current has reversed direction. The X in 
the center of the conductor indicates that 
the current is flowing away from the 
reader; that is, into the page. 

Suppose we form this wire carrying 
an a-c current into a coil consisting of 
several closely spaced loops or turns. 
Now, as the current rises toward a peak 
the flux lines expanding from any one 
turn cut across the nearby turns, and a 
voltage is induced in those turns. As the 
current decreases, the flux lines from the 
one turn collapse and cut across the 
nearby turns in the opposite direction, 
inducing another voltage of the opposite 
polarity. 

Each turn in the coil of wire is cut 
by flux lines from other turns. The in-
duced voltages in all the turns add, form-
ing a voltage across the whole coil. This 
self-induced voltage, which is called 
counter emf or back emf, is always op-
posite in polarity to the applied voltage 
and always tends to prevent the current 
from changing. If the current is decreas-
ing, the back emf tries to keep it from 
decreasing; if the current is increasing, 
the back emf tries to prevent the increase. 

This property of a circuit to generate 
a back emf that opposes any change in 
current flow is called self-inductance. 
The symbol for it is L. Inductance is 
measured in henrys. A coil has, an in-
ductance of one henry when a back emf 
of one volt is produced by a current 

changing at the uniform rate of one am-
- pere per second. The coils used in most 
radio and TV circuits are much smaller 
than this. Their inductance is measured 
in millihenrys (1 millihenry = . 001henry 
= 10-3 henry) and microhenrys (1 micro-
henry = .000001 henry = 10 -6 henry). 

In power supply circuits, on the other 
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hand, inductances of several henrys are 
required. These consist of many turns of 
wire, wound on iron cores. Iron conducts 
magnetic flux much better than air, and 
makes it possible to obtain more lines of 
force with a given current. Components 
possessing inductance are called induc-
tors. Inductors are used in power supplies 
to smooth out variations in the current, 
which they do by opposing any current 
change. Used to minimize current varia-
tions in this way, they are called chokes. 

If two or more coils are connected in 
series, far enough apart that the flux 
lines of one do not cut across the turns 
of another, the iotal inductance is the 
sum of the individual inductances. Thus 
the same formula as for resistors in 
series can be used to determine the 
total inductance: 

L = Li + L2 + L3 ... etc. total 

For coils connected in parallel, far 
enough apart to prevent flux lines of one 

from cutting the turns of another, the 
formula for resistors in parallel may be 
used; thus: 

1,, 1 - 
1 1 1 

1 

' LI + L2 + L3 ... etc. 

Voltage and Current in Inductors — 
We have said that the back emf across 
a coil is always opposite in polarity to 
the applied voltage. This means that they 
are 180° out of phase, so we can draw 
their waveforms as shown at (a) of Fig. 
17-13, assuming that the applied voltage 
is a sine wave. 

From our study of the a-c generator 
we know that maximum voltage is induced 
when the flux lines are cut at the great-
est rate. The rate at which flux lines cut 
the conductor depends upon the rate at 
which the current changes. Therefore, 
the current must be changing at the fast-
est rate when the induced voltage is 
maximum, and the current must be momen-
tarily not changing when the induced 
voltage is zero. 

The rate at which any current changes 

applied emf 

(b) 

applied emf 

current 

too. 2nr 360V 
\ 
\ II 
\ / 
\ / / 

(C) 

Fig. 17-13 

is indicated by the steepness of its 
waveform, and a sine wave is steepest 
as it passes through zero. This means 
the current must pass through zero at the 
instant when the induced voltage is 
greatest. Also, a sine-wave current is 
momentarily not changing when it reaches 
a peak. At this instant, it is neither in-
creasing nor decreasing. So we must 
place our current peak at a point where 
the induced voltage is zero. 

When we place the current waveform 
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according to these two conclusions, we 
have the arrangement shown in Fig. 
12-13b. 

The current in the coil is lagging the 
applied voltage by 90°. It is also lead-
ing the back emf by 90°, and the back 
emf is 180° out of phase with the ap-
plied voltage. 

These are the conditions when a sine 
wave is applied to a circuit containing 
pure inductance and no resistance. How-
ever, there is no such thing as a pure 
inductance, since there is always some 
resistance in the wire with which the 
coil is wound. Introducing resistance 
causes the phase angle to decrease. The 
higher the value of resistance, the lower 
the phase angle becomes, so that in a 
practical circuit of this type the current 
would lag the applied voltage by a phase 
angle of somewhat less than 90°, as in-
dicated in Fig. 17-13c. 

When a voltage other than a sine wave 
is applied to an inductor, the waveform 
of the current usually is not the same as 

that of the applied voltage. 

Inductive Reactance — Returning for 
a moment to the theoretically perfect in-
ductance that contains no resistance, 
let's see what happens to the power ap-
plied to it. 

Power is the rate of doing work. In a 
d-c circuit, when a current is forced 
through a resistance, electrical energy 
is converted to heat and we say that 
power is dissipated. That is, the power 
does not return to the battery or source 
of voltage. When an a-c source of volt-
age is connected to a resistance, the 
same thing happens. We even use the 
same formula: 

P 12R 

where P = power 

/ = effective current 

R = resistance 

When an a-c voltage source is con-
nected to a pure inductance, however, a 
different situation is encountered. Power 
is delivered to the circuit as usual, cur-

rent begins to flow, and a magnetic field 
builds up around each turn of the coil. 
The small fields around the turns add and 
make a field around the whole coil.Build-
ing up this magnetic field takes power 
from the circuit, but the power is stored 
in the magnetic field. It is not changed 
into heat or mechanical energy, as in a 
resistor or an electric motor. 

When the current reaches its peak and 
begins to decrease, the magnetic field 
starts collapsing. The flux lines cut the 
turns of the coil, inducing a back emf 
that tends to keep the current flowing 
at its original rate. By this means the 
magnetic field returns all of its stored 
power to the circuit and it is returned to 
the source. 

Power is constantly being sent into 
and returned from the inductance, but 
none of it is lost. The average power is 
zero. 

The opposition that an inductance 
offers to the flow of current cannot be 
called resistance, since it consumes no 
power. This opposition effect is called 
reactance, and the unit is the ohm. The 
opposition of an inductance to the flow 
of current is inductive reactance, ab-
breviated XL. 

The formula for inductive reactance 
is: 

XL = 2 Tr fL, 

where X = inductive reactance in ohms 

f = frequency in cycles per sec-
ond 

L, = inductance in henrys 

-rr = 3.14 

For example, suppose we want to find 

the inductive reactance that an 8-henry 
choke will offer if it is connected in a 
400-cycle ( sine-wave) circuit. 

X = 2irfL= 2 x 3.14 x 400 x 8 = 
20,096 ohms 

The values used in the example are 
relatively large. In working with radio-
frequency circuits, we can express the 
frequency in kilocycles and the induct-
ance in millihenrys and obtain the correct 
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answer in ohms, because the conversion 
factors cancel ( kilocycles = cycles per 
second x 1,000, and millihenrys = henrys 
x 1/1,000). In the same way, we can use 
frequency in megacycles and inductance 
in microhenrys. 

Notice in the formula that the in-
ductive reactance depends upon the fre-
quency of the applied voltage. This 
means that a coil has different values of 
reactance when voltages of different fre-
quencies are applied. In the example 
given above, for instance, if we double 
the frequency of the applied sine-wave 
voltage, making it 800 cycles, the 8-henry 
choke offers twice as much inductive 
reactance: 

XL = 2 7tfL = 2 x 3.14 x 800 x 8 = 
40,192 ohms 

Therefore, a coil has the property of 
being selective. It can accept more cur-
rent from a voltage at one frequency than 
at another. This frequency-selective 
property, improved by various methods, 
makes it possible to tune a TV receiver. 

Practical circuits, of course, cannot 
contain a pure inductance, since some 
resistance is always present. The re-
sistance of the wire is actually distrib-
uted throughout the coil, but its effect 
is the same as if a resistance were con-
nected in series with a pure inductance. 
We can draw the circuit as shown in 
Fig. 17-14, where L represents the in-
ductance and R the resistance of a single 
coil. Since resistance is present, some 
power must be dissipated, the amount 
depending upon the effective a-c current 
and the amount of resistance. If the coil 
shown in Fig. 17-14 has a reactance of 
30 ohms and a resistance of 4 ohms when 
a sinusoidal voltage at a certain fre-
quency is applied to it, and the effective 
current is 2 amperes, the actual power 
dissipation can be found by the formula: 

P * I 2R = ( 2)2 x 4 = 4 x 4 = 16 watts 

This is the amount of power taken 
from the a-c source and not returned. 
The power in the inductance is equal to 
/2X,, which in the example is 4 x 30 = 
120-, but this reactive power is simply 

transferred back and forth from the cir-
cuit to the magnetic field. It is not a 
loss. The reactive power is often refer-
red to as apparent power, and the unit is 
the volt-ampere, so in our example the 
power in the inductance would be 120 
volt-amperes. 

I•20MP 

Fig. 17-14 
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In any a-c circuit containing resist-
ance, the voltage drop across the re-
sistor is always in phase with the current 
because E = IR. At the instant when the 
current reaches zero, the drop across the 
resistor is 0 x R = 0. When the current 
reaches its maximum value, the drop 
across the resistor is / x R = E , max 
the greatest possible voltage drop. 

Also, in any a-c circuit containing 
resistance, the current lags the applied 
voltage by some phase angle of less 
than 90°. The phase angle depends upon 
the relative values of resistance and re-
actance. If the resistance is small with 
respect to the inductive reactance, the 
current lags the applied voltage by a 
large phase angle which approaches, but 
never reaches, the purely inductive lag 
of 90°. If the resistance is much larger 
than the inductive reactance, the re-

sistive effect takes over and the current 
becomes more nearly in phase with the 

applied voltage, lagging by only a small 
phase angle. As long as both reactance 
and resistance are present, however, the 
current can never become exactly in 
phase with the applied voltage nor ex-
actly 90° out of phase. 

Q of a Coil - An ideal coil is one 
that contains no resistance. We know 
that in practice such a coil is unattain-
able. The relative merit of a coil can be 
expressed by a comparison of its re-
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actance to its distributed resistance. 
The ratio of inductive reactance of a 
coil to its resistance, XL /R, is known as 
the Q of the coil. It is sometimes re-
ferred to as the figure of merit of the 
coil. It might appear from the formula 
that Q would increase with frequency, 
since inductive reactance increases with 
frequency. However, as frequency in-
creases, the distribution of current flow 
in a conductor changes, more of the cur-
rent tending to flow along the outer sur-
face of the conductor. This effectively 
decreases the cross-sectional area of 
the conductor, and results in greater 
12R (resistive) loss. Other high-frequency 
effects causing power losses also in-
crease as the frequency is increased. 
Therefore, the Q of a coil remains rel-
atively constant over a limited frequency 
range. 

Mutual Inductance — We have seen 
that the small magnetic fields about the 
individual turns of a coil reinforce each 
other to create a large field around the 
whole coil, as shown in Fig. 17-15a. 
When an a-c voltage is applied to the coil, 
the field expands, contracts, and re-
verses direction according to the rate of 
current change. The moving flux 
lines cut the turns of the coil, inducing 
a back emf. If a second coil is brought 
sufficiently near, the moving lines of 
force will also cut the wires of the sec-
and coil, inducing a voltage in that coil. 
A voltage appears in the second coil as 
a result of current flow in the first, as 
shown in Fig. 17-15b. This effect is 
called mutual inductance, and is measur-
ed in henrys. Coil # 2 need not touch 
coil # 1 physically, nor need it have any 
voltage applied directly to it. It may 
even be connected in an entirely sepa-
rate circuit. All that is necessary is that 
it be near enough for lines of force from 
coil # 1 to cut across its turns. The coil 
that has a voltage source connected to 
it (# 1) is called the primary; the coil in 
which voltage is induced (# 2) is the 
secondary. When two coils are placed 
close enough together to have mutual 
inductance, we say they are coupled. 

The voltage induced in the secondary 

(b) 

Fig. 1 7 -1 5 

follows the same laws as the back emf 
induced in the primary. It is always op-
posite in polarity to the applied voltage 
and has the same frequency and wave-
form as the applied voltage. 

The amount of mutual inductance de-
pends upon the self-inductances of the 
two coils, their relative positions, and 
on whether the space between them is 
filled with air, iron, or some other ma-
terial. Their relative positions are im-
portant because if the coils are very 
close together — tightly coupled — all or 
nearly all the flux lines from the primary 
cut across the turns of the secondary and 
the mutual inductance is high. If the 
coils are fairly far apart — loosely cou-
pled — only a few flux lines cut the 
secondary and the mutual inductance is 
low. The degree to which the two coils 
are coupled is called the coefficient of 
coupling. 

The highest possible coefficient of 
coupling is obtained when all the flux 
from the primary cuts the secondary. The 
coefficient for this condition is 1, or 



Inductance 
17-17 

unity. Unity coupling is not easy to at-
tain. We can come close to it by winding 
the two coils on a closed iron core. 
Air-core coils, which are wound on a 
tube- shaped insulating material like 
polystyrene or ceramic, may have a co-
efficient of coupling as high as 0.6 or 
0.7 if one coil is wound over the other, 
but usually the coefficient is less. 

If a resistance is connected across 
the open ends of the secondary coil, a 
current will flow through the resistance 
as a result of the induced voltage. When 
this occurs, power is dissipated in the 
secondary circuit and this means that 
the primary inductance is no longer re-
turning to the a-c source all the power 
delivered to it. In other words, the power 
taken from the source in the primary cir-
cuit and not returned is now equal to the 
amount dissipated in the resistance of 
the primary circuit plus that dissipated 
in the resistance of the secondary cir-
cuit. Energy is transferred by the mag-
netic field from the primary circuit to 
the secondary. 

Transformers — When two coils are 
coupled as described above, they be-
come a transformer. By the use of a 
transformer, electrical energy can be 
transferred from one circuit to another 
without any direct connection. The trans-
former can be used only with a- c, of 
course, since no voltage is induced in 
the secondary unless the current in the 
primary is constantly changing. 

One familiar example of a transformer 
that changes electrical energy from one 
voltage level to another is the doorbell 
transformer, which transforms 115-volt 
line voltage to about 6 volts. Another is 
the power transformer in a TV receiver, 
which changes 115-volt line voltage to a 
higher value, usually about 300 volts. 
If the secondary voltage level is higher 
than the primary, we say it is stepped up; 
if it is lower, the voltage is stepped 
down. In either case, no more electrical 
energy can be taken from the secondary 
than is delivered to the primary. In fact, 
less energy is available at the second-
ary because some is always lost in the 
transformer itself. 

When a coil is placed in a varying 
magnetic field, the voltage induced in the 
coil is proportional to the number of 
turns in the coil. In a transformer, both 
coils are in the same field. The back 
emf induced in the primary is nearly 
equal to the applied voltage; the sec-
ondary voltage depends upon the ratio 
of turns on the secondary to turns on the 
primary. If the secondary has half as 
many turns as the primary, it will deliver 
half the applied voltage; twice as many 
turns, twice the applied voltage, and so 
forth. 

We can calculate the voltage ratio by 
the formulas: 

E =--1 E or E =—Ln s n p p n5 

where Es 

EP 

ns 

= secondary voltage 

= primary voltage 

= number of turns on secondary 

= number of turns on primary 

For example, suppose that a TV 
power transformer, with 300 turns on the 
primary and 900 turns on the secondary, 
is connected to a 115-volt source. What 
is the secondary voltage delivered to 
the rectifier tubes of the receiver? 

F n S E r. 7900— X 115 = 345 volts 

np P 00 

Since the secondary cannot take more 
power than is delivered to the primary, 
for practical purposes (neglecting losses) 
we can say that the product of the primary 
voltage and current equals the product of 
the secondary voltage and current: 

Ep x ip = Es x 

We can calculate the currents by the 
formulas: 

= P 
s or I = s—nn 

In the voltage example given above, 
for instance, assume that the primary 
winding draws 1.2 amperes. What current 
does the secondary deliver? 
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_ 300 1.2 = 
-711;n9— -P 900  

1/3 x 1.2 = 0.4 amp 

In theory, any transformer can be 
turned around, using the secondary wind-
ing as the primary and vice versa. Actual-
ly, a transformer is usually designed for 

(a) Power Transformer 

(b) I-F Transformers 

(c) R-F, I-F and Video Coils 

Fig. 17-16 

a particular application and reversing the 
windings might burn one out by subject-
ing it to too heavy a current. 

We will encounter transformers in 
most sections of TV receivers, for they 
are used at radio, audio, and power fre-
quencies. The power transformer, and 
usually the sound-output transformer, are 
of the iron-core type already mentioned. 
Iron is a good conductor of magnetic 
lines of force, and helps to keep the field 
concentrated. Air-core transformers are 
often used in the i-f sections of receivers. 
Other i-f transformers have a slug of 
powdered iron inside their cores, which 
can be moved in or out to vary the mutual 
inductance. The principal effect of the 
iron slug is to change the frequency to 
which the transformer responds best, 
thereby tuning the circuit. Several types 
of transformers are shown in Fig. 17-16. 

It is also possible to use a single 
winding with a connection or tap at some 

point between the ends as a transformer. 
This is called an autotrans former. Auto-
transformers are shown schematically in 
Fig. 17-17. They may have iron cores 
or air cores depending upon the purpose 
for which they are intended. Part of the 
winding is common to both primary (line) 
and secondary (load) circuits. Autotrans-
formers are usually used where only a 

(a)step-down autotransformer 

primary 

(b) step-up autotransformer 

Fig. 17-17 
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small step-up or step-down of voltage 
is required. 

Impedance Matching — An important 
200 

use of transformers is that of impedance VOLTS 

matching. Impedance is covered in greater 
detail in a subsequent section. For the 
present we may simply consider it as the 
resistance offered by circuit components 
to the flow of a-c current. It is repre-
sented by the letter Z, and is measured 
in ohms. Ohm's law can be applied to a-c 

200 
circuits if R is replaced by Z; thus VOLTS 

Z = E/I, I = E/Z, and E = IZ. Matchingthe 
impedance of a load to its source is fre-

quently necessary, since maximum power 
can be transferred to the load only when 
the impedance of the load is equal to the 
impedance (or resistance) of the gener-

ator. This can be seen in Fig. 17-18 200 

which shows a generator with an internal VOLTS 

resistance R of 1,000 ohms, connected 
in series with a resistance, RL, which 
represents the load. In (a) of the figure 
RL is equal to Rg or 1,000 ohms. If the 
generator provides 200 volts, by Ohm's 
law the current is 0.1 ampere, and the 
power dissipated in RL is 10 watts. 
This is the maximum power obtain-
able from the circuit. That this is so 
can be verified by trying values 
of RL above and below that of the gener-
ator's internal resistance. In (b) of the 
figure, for instance, RL is decreased to 
500 ohms, and the power dissipated in 
RL is 8.9 watts. In (c) of the figure RI, 
is increased to 1,500 ohms, and thE 
power dissipated in RL is 9.6 watts. 
From these examples, it can be seen that 
varying RL either above or below the 
value of the generator's internal resist-
ance results in a decrease in power. For 
maximum power transfer, therefore, the 
load resistance must be matched to the 
resistance of the generator or other 
power-supplying device. 

How a transformer can act as an im-
pedance-matching device is illustrated 
in Fig. 17-19, which shows a transformer 
with a 10:1 turns ratio, connected to a 
generator supplying 100 volts. Across 
the secondary is a resistance of 10 ohms. 
The generator is assumed to have zero 
resistance, and the transformer no losses. 

(a) 

(b) 

(C) 

ERL• 100 VOLTS 

RL • I • .1 AMP 

1000,, P • 10 WATTS 

ERL 66.7 V 

RL I • .133 AMP 

500,, p 8.9 WATTS 

ERL• 120 V 

RL • I • .08 AMP 

1500.n. P • 9.6 WATTS 

Fig. 17-18 

101 

Es n • 10 VOLTS io,, ,s • , AMP 

Ip • 0.1 AMP 

Zp • 1000,, 

(a) 

(b) 

Es • 10 VOLTS 

10,, Is • 2 AMP 

1p • 0.2 AMP 

Zp • 500,, 

(a) 

20.n. 

(d) 

Fig. 17-19 

Es 10 VOLTS 

Is • 0.5 AMP 

Ip • a 05 AMP 
Z.•  2000,, 

Es • 5 VOLTS 

Is • 0.25 AMP 

Ip • 0.0125 AMP 

Zia • 8000„ 
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Since the turns ratio is 10:1 and 100 
volts appears across the transformer pri-
m ary, a potential of 10 volts is developed 
across the secondary. By Ohm's law, the 
current flowing in the secondary must be 
1 ampere. The current drawn by the pri-
mary must be 0.1 ampere since the cur-
rent drawn by the primary equals the 
ratio of turns on the secondary to turns 
on the primary times the secondary cur-
rent. Ohm's law for a-c circuits shows the 
impedance of the primary to be 1,000 
ohms. 

Now suppose the 10-ohm resistance 
of the secondary is paralleled by another 
10-ohm resistance, as in (b) of the figure. 
The voltage across the secondary is still 
10 volts, since neither the turns ratio nor 
the generator voltage has been changed. 
However, since the equivalent resistance 
is now only 5 ohms, 2 amperes must flow. 
The current flowing in the primary is 
0.2 ampere. The impedance of the primary, 
therefore, must be 

E 100 
= 500 ohms 

If the secondary resistance is in-
creased to 20 ohms, as in (c) of the 
figure, the current in the secondary be-
comes 0.5 ampere, the current in the 
primary 0.05 ampere, and the impedance 
of the primary 2,000 ohms. 

It can be seen from these examples 
that the impedance of the primary varies 
directly with the impedance of the sec-
ondary. That is, an increase in sec-
ondary impedance causes an increase 
im primary impedance. We say that the 
secondary reflects impedance to the 
primary. The value of reflected impedance 
depends upon two factors: the impedance 
of the secondary and the turns ratio of 
the transformer. This is shown in (d) of 
Fig. 17-19, $ which illustrates a 20:1 
transformer with a 20-ohm resistance 
across the secondary representing the 
secondary impedance. The voltage across 
the secondary is 5 volts, the secondary 
current is 0.25 ampere, the primary cur-
rent is . 0125 ampere, and the impedance 
of the primary is 8,000 ohms. Note that 
this primary impedance is 4 times that 

of the circuit in (c), in which a 10:1 
transformer was used. 

The reflected impedance is equal to 
the impedance of the secondary times 
the square of the ratio of turns on the 
primary to the turns on the secondary. 
That is: 

n12 
7 ( 
p n x 7 

where Z is the impedance of the primary, 
Z is tee impedance of the secondary, 
and n /n is the turns ratio. 

P s 

By choosing a transformer with the 
proper turns ratio, therefore, it is pos-
sible to couple two circuits inductively, 
matching the load impedance to that of 
a generator or an electron tube, so that 
there is a maximum transfer of power. 
The required turns ratio can be found by 
the formula: 

np 

ns 1 
where n /ns is the turns ratio 7p , is the 

P  
impedance of the primary, and 7,s is the 
impedance of the secondary. If the im-
pedance of the secondary is other than 
purely resistive, the calculation becomes 
more complex. However, in most cases it 
can be used in this form. .As an example, 
suppose that the output of an amplifier 
is to be coupled to the voice coil of a 
loudspeaker. Assume that for best opera-
tion the tube should work into a plate 
load impedance of 4,000 ohms, and that 
the impedance of the voice coil is 10 
ohms. The turns ratio required is found 
by: 

np J 77, 14,000 .,,,h,„ . 20 
T/ s ' s -\I 10 

Thus, if a 20:1 transformer is used, 
the 10-ohm impedance of the secondary 
will reflect a 4,000-ohm impedance to 
the primary, since 

(n '2 
7, =7 x = 10 x 20 2 = 4,000 
P n.s 
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/7-4. CAPACITANCE 

Capacitance is the ability to 
store electrical energy in an electric 
field. 

We know from the "D-C Electricity" 
lesson that an electric field exists be-
tween any two conductors separated by 

an insulating material, called the dielec-
tric, when there is a difference of po-
tential between the conductors. A pair 
of metal plates, separated by air, mica, 
or other dielectric, has the ability to 
store energy in this field when con-
nected to a voltage source. Such a device 
is called a capacitor. 

St 

(a) 

r 
I  

ert...4.1....1 11 

(b) 

(c) 

Fig. 17-20 

Figure 17-20a shows a simple capaci-
tor connected through a switch to a bat-
tery. When Si is open, there is no po-
tential difference between the plates and 

they are electrically neutral; there is no 
surplus or shortage of electrons on either 
plate. When Si is closed, as in Fig. 17-
20b, electrons are pulled from the upper 
plate to the positive battery terminal, 
creating a shortage, while a surplus of 
electrons builds up on the lower plate. 
This continues until the potential dif-
ference between the plates balances the 
battery voltage, which occurs almost 

instantly. Then the electron flow stops 
because of the open circuit between the 
capacitor plates. We say the capacitor is 
charged. With the capacitor charged, elec-
trical energy is stored in an electric 
field between the plates, in much the 
same manner that energy is stored in the 
magnetic field of a coil. If Si is now 
opened, disconnecting the battery, the 
capacitor remains charged. If we touch 
a wire to the capacitor plates, as shown 
at (a), surplus electrons will flow from 
the negative plate to the positive until 
the balance is restored and they are 
again electrically neutral. Thus the 
capacitor becomes discharged. The dis-
charge also occurs almost instantaneous-
ly. 

Even though the capacitor is an open 
circuit to d-c, a current does flow briefly, 
but only during the charging and dis-
charging periods. 

The capacitance of a capacitor de-
pends upon the size of the plates, the 
spacing between them, and the nature of 
the dielectric. Instead of using two very 
large plates to increase the capacitance, 
many smaller plates are usually stacked 
together, with alternate plates connected 
together in two sets. This is illustrated 
in Fig. 17-21. Such a stack of plates, 
made of metal foil, with thin sheets of 
mica dielectric between the plates, is 

Fig. 17-21 
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placed in a plastic shell or case to make 
a fixed capacitor. If a paper dielectric is 
used, the stack of plates may be rolled 
into a cylinder and wax-coated. 

The nature of the dielectric, or in-
sulating material, has a considerable ef-
fect upon the capacitance. For instance, 
sliding a sheet of ordinary glass between 
the plates of the simple capacitor shown 
in Fig. 17-20 will increase its capaci-
tance about 8 times. This is because 
glass is 8 times better than air as a 
dielectric. The ability of a material to 
support electric flux is called its dielec-
tric constant. It is always measured with 
respect to air. Thus the glass mentioned 
above has a dielectric constant of 8. 
Mica, paper, some oils, and certain 
ceramics have fairly high dielectric 
constants and are widely used in com-
mercial capacitors. 

Capacitance is also affected by the 
spacing between the plates. The closer 
the spacing, the higher the capacitance. 
If the plates are too close together, how-
ever, a high difference of potential be-
tween them is likely to cause a break-
down of the insulating material, per-
mitting a current to flow. If the dielectric 
is air, a visible arc will jump between 
the plates. A solid dielectric may punc-
ture or char, leaving a permanent path 
for current to flow between the plates 
and making the capacitor useless. 

The voltage at which a material 
breaks down is called the puncture volt-
age, or breakdown voltage, of that ma-

terial. It varies for different dielectrics. 
Capacitors are marked with voltage 
ratings that indicate the highest voltage 
to which they may safely be subjected 
over long working periods. This work-
ing voltage should not be exceeded; if 
the capacitor is to be used with a-c or 
pulsating d-c, its rating should be greater 
than the peak voltage to be applied. 

The unit of capacitance, C, is the 
farad. It is much too large for practical 
use, so capacitors are usually measured 
in microfarads (1 microfarad = .000001 
farad = 10'6 farad) or micromicrofarads 

(1 micromicrofarad = . 00000l microfarad 
= 10' 12 farad). Three abbreviations are 
common for each: 

Microfarad: mf, mfd, p.f 
Micromicrofarad: mmf, mmfd, 

Although the capacitance of a fixed 
capacitor is constant, the quantity of 
electrical energy it will store when con-
nected to a given circuit depends upon 
both the capacitance and the applied 
voltage. With a large capacitance, less 
voltage is needed to place a given quan-
tity of energy in the capacitor. With a 
fixed capacitance, increasing the ap-
plied voltage allows more energy to be 
stored in the capacitor. 

Don't confuse the stored energy with 
the voltage drop across the capacitor 
plates. This voltage drop is usually what 
we're interested in. When a capacitor is 
fully charged, the voltage drop across it 
equals (for practical purposes) the ap-
plied voltage. 

The total or equivalent capacitance 
of capacitors in parallel is found by add-
ing the individual values. Thus C total 
Cl + C2...etc. For capacitors in series, 
the formula is: 

1 
C -  
total I + I 

Cl C2 ... etc. 

Capacitors in A-C Circuits - To see 
what happens when a capacitor is con-
nected to a source of a-c voltage, sup-
pose we ,consider a theoretical, perfect 
circuit containing pure capacitance and 
no resistance. This is shown in Fig. 
17-22a. We know that the plates of the 
capacitor will become charged to the 
voltage supplied by the source. In a 
circuit that has no resistance this oc-
curs instantly, so the voltage drop across 
the capacitor is always equal and op-
posite to the source voltage. 

There can be no voltage drop across 
the capacitor plates, however, unless 
electrons are moved around the circuit 
to create a shortage on one plate and a 
surplus on the other. Thus a current must 
flow when a voltage is first applied to 
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(o) (b) 

Fig. 17-22 

the capacitor, and whenever the applied 
voltage changes in value. When the ap-
plied voltage is an a-c sine wave, which 
varies continuously, electrons must be 
always moving in one direction or the 
other to keep the voltage drop across the 
plates varying in step with the source. 
Thus when a capacitor is placed in an 
a-c circuit, a current flows, even though 
the same capacitor blocks the flow of 
steady d-c current. 

The strength of the current that flows 
depends upon how fast the voltage 
changes. A few electrons flowing for a 
long time will change the voltage across 
the capacitor plates by a certain amount — 
but many more electrons must flow to do 
the same thing in a shorter rime. By the 

same reasoning, more electrons must 
flow to produce a 10-volt change in 
1/60th of a second than are required to 
produce a 6-volt change in the same 
period of time. 

Figure 17-22b shows the sine curve 
of the voltage applied to the circuit at 
(a). In any sine curve the greatest rate 
.of change occurs near the point where 
the curve passes through zero. At the 
beginning of the voltage cycle, then, the 
applied voltage starts increasing very 
rapidly in a positive direction. The volt-
age across the capacitor plates must 
change just as fast, so a large current 
flows as the capacitor begins to charge. 
The applied voltage continues to rise, 
but not so rapidly after the steepest por-
tion of the curve is past. The change of 
voltage across the capacitor plates is 
slower, and less current flows, so that 
the current curve (dashed line) begins 
to drop off. 

As the voltage approaches maximum, 
the rate of change becomes very small, 
and the current flow becomes progressive-
ly less. At the instant when the voltage 
reaches a peak there is no change, so at 
that instant no current flows and the 
current curve is at zero. The voltage 
drop across the capacitor is at maximum 
and the capacitor is fully charged — that 
is, it has taken all the energy it can get 
from this particular circuit, even though 
it might be capable of holding more. The 
energy absorbed by the capacitor is 
stored in the electric field between its 
plates. 

After the peak, the source voltage 
begins dropping off, slowly at first, 
then more rapidly. The small voltage 
change again causes current to flow, but 
in the opposite direction, because the 
capacitor is now discharging and the 
current flows against the applied voltage. 
As the source voltage drops toward zero, 
the rate of change becomes greater, the 
capacitor discharges more rapidly, and 
the current becomes increasingly large. 
When the voltage reaches zero it is 
undergoing its greatest rate of change, 
so the current is maximum at the same 
instant. The capacitor is completely 
discharged and has given all its stored 
energy back to the source. 

Now the source voltage reverses 
polarity, but current continues to flow 
in the sam'e direction because the ca-
pacitor at the same instant begins charg-
ing again, this time to the opposite 
polarity. During the negative half-cycle 
of voltage, the current again follows the 
rate of voltage change and goes through 
a half-cycle curve of values similar to 
the first. 

From the curves shown at (b) of the 
figure it can be seen that the current 
curve is also a sine wave and has the 
same frequency as the voltage. The cur-
rent curve, however, begins its cycle 
90° ahead of the voltage. When a sinus-
oidal voltage is applied to a pure capaci-
tance, the current leads the voltage by 
a phase angle of 90°. No energy is dis-
sipated in a pure capacitance; it is 
simply transferred back and forth between 
the circuit and the electric field. 
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When the applied a-c voltage is not 
a sine wave, the waveform of the current 
is different from the voltage waveform. 

Capacitive Reactance — We have 
shown that the strength of the current 
in a capacitive circuit depends upon 
how fast the voltage varies — that is, on 
the frequency of the source voltage. It 
also depends upon the capacitance, 
since it is easier to place a given c-harge 
in a large storage space than a small 
one. The opposition offered by a capaci-
tor to the flow of a-c current is a form 
of reactance because no power is dis-
sipated. To distinguish it from the op-
position •Iffered by an inductor, it is 
called capacitive reactance, X c . The 
unit of capacitive resistance is the 
ohm. 

The formula for capacitive reactance 
is: 

xr 
2 r fC 

where X = capacitive reactance in ohms 

7r = 3.14 

f = frequency in cycles per sec-
ond 

C = capacitance in farads 

A s before, these values are very 
large, but expressing the frequency in 
megacycles and the capacitance in micro-
farads will also give a value of capaci-
tive reactance in ohms. If the capaci-
tance is in micromicrofarads, move the 
decimal point six places to the left to 
convert to microfarads 

(90 mmf = 0.000090 mf). 

As an example, suppose we want to 
find the opposition offered by a 12-mf 
capacitor when it is connected in a 
400-cycle sine-wave circuit. 

Then: 

1 1 
XC = 27rfC = 2 x 3.14 x 400 x 0.000012 

1 
0.03 = 33.3 ohms 

The capacitive reactance depends 
upon the frequency of the applied volt-
age, as does inductive reactance, but 

with this important difference: increasing 
the frequency decreases the capacitive 
reactance. A capacitor, like a coil, is 
selective toward currents at various fre-
quencies. Unlike a coil, it lets high-
fre quency currents flow more easily than 
those of low frequencies. Energy is 
constantly transferred back and forth 
between the electric field of the capacitor 
and the source. This apparent power, ex-
pressed in volt-amperes, can be calcu-
lated by the formula: /2X. 

RC Circuits — So far we have con-
sidered theoretical, pure capacitors. Sup-
pose we connect a resistor in series with 
a capacitor, as shown in Fig. 17-23. 
Such a circuit is called an RC circuit. 
The presence of resistance in an RC 
circuit causes the current to lead the 
voltage by less than 90°. The phase 
angle depends upon the values of re-
sistance and reactance. If the reactance 
is large compared to the resistance, the 
phase angle may be nearly 90°. If the re-
sistance is large compared to the capaci-
tive reactance, the phase angle is closer 
to 0°, and the current is more nearly in 
phase with the voltage. 

Fig. 17-23 

Losses in Capacitors — There is al-
ways some resistance in capacitors, due 
to the resistance of the wire leads and 
the plates. In addition, no dielectric in 
common use is a perfect insulator. Cur-
rent flow through the resistance of the 
dielectric, wire leads, and plates results 
in some dissipated power. This power 
loss is dependent upon the effective a-c 
current flowing in the circuit and the 
value of resistance. However, losses in 
well-made capacitors are negligible. 
Since the resistance of a capacitor is 
usually quite small, it is not ordinarily 
drawn separately on schematic diagrams, 
and it is necessary to remember that 
some resistance may be present. 
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/ 7- 5. T / ME CONSTAN TS 

An important application of in-
ductors and capacitors is in circuits 
that make use of the time required for a 
current or voltage to reach a certain 
value. These may be RC circuits, made 
up of resistance and capacitance, or RL 
circuits, made up of resistance and in-
ductance. 

An RC circuit is illustrated in Fig. 
17-24. At the instant the switch is moved 
to position one, as in (a) of the figure, 
the entire battery voltage appears across 
the resistor R. Current begins to flow, 
charging the capacitor in the polarity 
shown. The charge built up on the ca-
pacitor tends to oppose the applied 
voltage, and as the charge on the ca-
pacitor increases, the current gradually 
decreases. When the charge on the ca-
pacitor equals the source voltage, the 
voltage drop across R is zero and current 
ceases to flow. The time required for the 
capacitor to charge to 63.2 percent of its 
maximum voltage can be found by the 
formula t = RC, where t is the time con-
stant in seconds, R the resistance in 
ohms, and C the capacitance in farads. 
It is often more convenient to express R 
in megohms and C in microfarads, in 
which case t is still in seconds. Thus, 
in the circuit of Fig. 17-24a, t = RC = 
0.5 x 2 = 1 second. If 1,000 volts is ap-
plied when the switch is closed, in 1 sec-
ond the voltage across the capacitor will 
increase to 63.2 percent of its maximum 
value, or ( 32 volts. Note that the time 
constant refers to a percentage of the 
maximum voltage, so that the formula 
holds true for any value of applied volt-
age. If 100 volts were applied to the 
same circuit, for instance, in 1 second 
the capacitor would become charged to 
63.2 volts. Note also that the voltage 
across the resistor decreases as that 
across the capacitor increases, so that 
in 1 second the voltage across R would 
be 36.8 percent of the source voltage. 

Frequently it is necessary to know 
the time required for the capacitor to 
charge completely; that is, to the maxi-
mum or source voltage. This time is, 
for all practical purposes, five times the 

/ SW 

1000 V 

(a) 

1 SW 

1000 V 

R» 0.5 meg 

C* 2 mf 

R0.5 meg 

c • 2 mf 

(b) 

Fig. 17-24 

time constant. Thus in 5 x RC seconds, 
the full source voltage would appear 
across the capacitor, and zero volts 
across the resistor. 

If the switch is now moved to posi-
tion 2, as in (b) of the figure, the ca-
pacitor begins to discharge through R. 
The time required for the energy stored 

in the capacitor to decrease to 36.8 per-
cent of its maximum value is RC sec-
onds; with values given and assum-
ing that C is fully charged to 1,000 volts, 
in 1 second the voltage across C would 
drop to 368 volts. In 5 x RC seconds, it 
would for all practical purposes drop to 
zero. 

An RL circuit is illustrated in Fig. 
17-25. When the switch is moved to posi-
tion 1, current begins to flow. The chang-
ing current causes a back emf of the 
polarity shown to be developed in in-
ductor L, opposing the applied voltage 
and attempting to prevent the current 
from reaching its maximum value. From 
Ohm's law, the maximum current is equal 
to the voltage divided by resistance. The 
time required for the current to reach 
maximum value depends upon the values 
of R and L; the larger the inductance or 
the smaller the resistance, the more 
time is required. The time constant of 
the circuit may be found by the formula: 
t = L/R, where t is the time constant in 
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seconds, L the inductance in henrys, 
and R the resistance in ohms. Thus for 
the values of R and L in Fig. 17-25a, 
t L/R = 10/20 = 0.5 second. If an emf of 
100 volts is applied when the switch is 
closed, the final or maximum current will 
be / = E/R = 100/20 = 5 amps. In 0.5 second 
the current will reach 63.2 percent of 
this value, or 3.16 amps. If the only re-
sistance in the circuit is that of R, the 
voltage across R must at all times equal 
the current in the circuit times R, and 
the voltage drop across R increases at 
the same rate as the current. The time 
required to reach 63.2 percent of maxi-
mum can therefore be found by the same 
formula: t = L/R. In 0.5, second, then, the 
voltage drop across R will be 63.2 volts. 

/00 
+ 

I SW 

2 

(0) 

I SW 

(b) 

F ig. 17-25 

L./oh 

Now suppose the switch is moved to 
position 2, as in (b) of the figure. The 
magnetic field of the coil collapses, and 
this reverses the voltage across the 
coil, as shown. This self-induced volt-
age causes a current flow, which is dis-
sipated in the resistance. In this case, 
the time-constant formula indicates the 
time required for the voltage and current 
to decrease 63.2 percent. That is, in 
L/R seconds the voltage and current will 
drop to 36.8 percent of their maximum 
values. For the values given, assuming 
that the maximum current of 5 amperes is 

flowing, in 0.5 second the current would 
drop from 5 amperes to 1.84 amperes, and 
the voltage from 100 volts to 36.8 volts. 

For all practical purposes, the current 
in an LC circuit will build up to maximum 
or decrease to zero in five times the time 
constant, or 5 X L/R. 

A typical application of time con-
stants is illustrated in Fig. 17-26, which 
is a diagram of a simple AVC circuit. 
Part of the rectified output of the de-
tector is passed through a resistance-
capacitance network consisting of R and 
C and fed to the grids of the r-f and i-f 
stages, to counteract variations in input 
signal strength and provide a constant 
signal voltage output. To do this, the 
AVC bias must not respond to audio 
variations, but must follow changes in 
over-all signal strength. Therefore, the 
filter components are so chosen that 
even the lowest-frequency audio varia-
tions cause little change in the charge on 
C, while much slower variations such as 
those from fading signals change the 
amount of charge and thus the bias. 
Typical values might be 2 megohms for 
R and 0.05 mf for C. In this case,the 
time constant of the AVC filter circuit 
would be 0.1 second. It would thus re-
quire 0.1 second, assuming a constant-
voltage signal, to charge the c apacitor 
to 63.2 percent of its final charge, and 
5 x 0.1 or . 5 seconds to charge it com-
pletely. An audio signal of, for example, 
100 cycles, completes one cycle in 1/100 
second, and current flows only during the 
positive half-cycle, or for 1/200 second. 
Changes at an audio rate, therefore, 
would not appreciable alter the charge 
on the capacitor. Variations in signal 
strength remaining constant for 1/4 sec-
ond or so, however, would increase or 
decrease the charge on the capacitor, 
and develop a corresponding value of 
AVC bias. Note that if the time con-
stant were made too long (by larger 
values of C or R), the circuit might not 
respond rapidly enough to sudden changes 
in signal strength. 

Bypass Capacitors — Bypass capaci-

tors are often used to allow alternating 
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currents to flow around circuit com-
ponents that are carrying direct current. 
For instance, consider Fig. 17-27 which 
is part of a typical audio-amplifier stage. 
Direct current, flowing through R, pro-
vides a voltage drop that is necessary 
for proper operation of the tube. How-
ever, a-c signal currents are also flow-
ing in the circuit. The voltage drops 
across R produced by the a-c currents 
are often undesirable. 

We can cause the a-c signals to flow 
around, or bypass, the resistor by placing 
a capacitor of the proper value in paral-
lel with it, as in (b) of the figure. Since 
the capacitor offers infinite resistance 
to d-c, the d-c continues to flow through 
the resistor. To a-c, however, the ca-
pacitor looks like a relatively small 
reactance, and most of the a-c signal 
flows through it r ather than the resistor. 

For example, the capacitive reactance 
of the 10-mf capacitor at 2,000 cps is: 

1 1 
xC 2 7rfC = 2 x3.14x2,000x10x10 -6z 

7.9 ohms 

Hence, the a-c voltage drop will be 
small across this small reactance, while 
the d-c voltage drop across the resist-
ance will be relatively high. Effectively, 
the a-c component is by-passed around 
the resistor. 

Coupling Capacitors — Capacitors are 
often used as parts of coupling circuits 
between stages of a receiver. In such 
applications they block the flow of d-c 
from the plate of one tube to the grid of 
the next, but allow a-c signals to pass. 
This is illustrated in Fig. 17-28. 

(a) 

signal 

output 

(b) 

Fig. 17-27 

The current flow f rom tube VI in-
cludes d-c from the 300-volt plate supply 
and an alternating component that repre-
sents the signal. A pulsating d-c voltage 
is developed between plate and ground. 
The a-c component of the pulsating d-c 
voltage must be fed to the grid of V2. 
However, if the d-c voltage were allowed 
to reach the grid of V2, the tube would 
not operate properly. 

230 

253 

247 

V/ Cc 

250 V 

o-c ond d-c 

300 V 

d-c ç. j 

—3 

Fig. 17-28 

The d-c component is therefore block-
ed by the addition of capacitor C. At 
the same time, the a-c component passes 
readily through the low reactance of C. 
Used in this way, C, is called a d-c 
blocking or coupling capacitor, since it 
blocks d-c from the grid of V2 and cou-
ples the a-c signal variations from stage 
to stage. 

In the figure, the average d-c plate 
voltage is +250 volts with respect to 
ground. The a-c component is 6 volts 
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peak-to-peak, and causes the plate volt-
age to vary between +247 and +253 volts. 
Appearing across C is the d-c corn-
ponent of the pulsating plate voltage or 
+250 volts. Across R is the desired a-c 
signal of 6 volts peakg-to-peak. 

Typical Capacitors. — Just as coils 
may be wound in many different ways and 
still possess inductance, so may ca-
pacitors be of many forms. Some are 
shown in Fig. 17-29. We have already 
described the two most common types 
of fixed capacitors — paper and mica — 
and the basic design is the same for 
most others. In television work, in-
volving very-high and ultra-high fre-
quencies, very small capacitance values 
are used in the signal circuits. There-
fore button or disc capacitors may be 
employed. These are normally made with 
a small button-shaped dielectric of a 
special ceramic. Two silver plates are 
fired to the ceramic, one on each side, 
a lead is soldered to each plate, and the 
plastic case is put on and sealed against 
moisture. Surprisingly high values of 
capacitance are obtained with only the 
two small plates, due to the high di-
electric constant of the ceramic. One 
such ceramic, for instance, is titanium 
dioxide, with a dielectric constant of 85, 
as compared with that of mica, which is 
7 

One other distinctive type of fixed 
capacitor, usually encountered in power-
supply circuits, is the electrolytic. This 
ordinarily consists of large aluminum-
foil plates rolled up in a sealed case 
containing a semiliquid chemical com-
pound. When a d-c voltage is applied to 
the plates, current starts to flow through 
the liquid,but almost instantly an electro-
chemical action forms an oxide film on 
the plates, creating a very thin dielectric. 
The unit then acts like a normal capaci-
tor, and the d-c current is blocked. The 
film dielectric is so much thinner than 
any solid dielectric that very large 
values of capacitance are obtained with 
relatively small plate areas. The so-
called dry electrolytic c apacitors con-
tain a paste instead of a liquid. 

Another form of capacitor is the 

(a) Variable Capacitor 

(b) Electrolytic Capacitors 

(e) Fixed Capacitors 

Fig. 17-29 

variable, the c apacitance of which may 
be changed within a certain range. Vari-
able capacitors nearly always use air as 
the dielectric. The tuning capacitors 
found in broadcast radios and many other 
devices employing frequencies lower 
than those of TV consist of two sets of 
rigid metal plates, more or less semi-
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circular, arranged so that the movable 
set can be turned into the spaces be-
tween the fixed plates. This type is 
illustrated in Fig. 17-29. When the plates 
are fully meshed, maximum capacitance 
is obtained. When the movable plates are 
turned as far as possible away from the 
fixed set, the capacitance becomes 
minimum. A common type of broadcast 
receiver tuning capacitor has a maxi-
mum capacitance of 365 mmf. The mini-
mum capacitance depends upon the de-
sign, and may be from 10 mmf to 40 mmf. 

One other frequently encountered 
variable capacitor is called a trimmer or 
padder. Two small metal plates are 
mounted on a piece of insulating material, 
the lower plate fixed to the base and the 
upper held by spring tension against a 
setscrew which adjusts the spacing be-
tween the plates. Turning the setscrew 
to bring the plates closer together in-
creases the capacitance; allowing them 
to move apart reduces it. A piece of mica 
is fixed between the plates. It is pri-
marily to prevent them from touching, 
although it also increases the breakdown 
voltage and acts as additional dielectric. 

/7-6. OFIV'S LAW FOR REACTIVE CIRCUITS 

7.'e have discussed the formulas for 
both inductive and capacitive reactance. 
In circuits that contain reactance only we 
can substitute the reactance for re-
sistance in the Ohm's law formulas. ( Re-
sistance will always be present in any 
coil or capacitor, as we have stated, but 
at frequencies below a few megacycles 
the resistance is usually so small it can 
be disregarded.) Forms of Ohm's law for 
reactive circuits are: 

E = IX 

E 
I = -"yr 

E 
X =7 -

where V = reactance ( inductive or ca-
pacitive) 

= effective sine-wave a-c volt-
age 

I = effective sine wave a-c cur-
rent 

For example: Suppose we connect a 
0.1-mf capacitor to a 115-volt, 400 cycle, 
a-c source. What current will flow? First, 
we find the capacitive reactance: 

1 1 
X =  C 2 'Tr fC 2 x 3.14 x 400 x 0.0000001 

1  
0.00025 = 4,000 ohms 

This value is substituted in the 
Ohm's law equation: 

E 115  
/ = X - - 4000 = 0.029 ampere or 29 milli-

amperes 

This is the effective current that will 
flow. For most practical purposes we 
would again ignore the very small re-
sistance and say that the current leads 
the voltage by a phase angle of 90°. 

For a circuit such as that shown in 
Fig. 17-30a, with a capacitance in series 
with an inductance, we must have some 
means of calculating the total reactance. 
Disregarding resistance, we know that 
the current in the circuit lags the voltage 
across the coil and leads the voltage 
across the capacitor — by 90° in each 
case. Therefore, there is a phase dif-
ference between these two voltages of 
90° + 90° = 180°. The voltage of the 
coil starts a positive half-cycle at the 
instant the voltage of the capacitor 
starts a negative half-cycle and vice 
versa. The total voltage across the cir-
cuit at any instant, then, must be equal 
to the instantaneous difference between 
them, as shown in the graph of Fig. 17-
30c. In this example, EL is larger than 
-c, so the resultant voltage, Etot, is in 
phase with FL. The circuit acts as if it 
contained only an inductive reactance 
somewhat smaller than the actual XL . 
The smaller Xc is cancelled out by part 
of the X and the remainder determines 
the total voltage across the combination, 
and the current. 

If the voltage across the capacitor 
had been larger than the coil voltage, the 
inductive reactance would have been 
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(0) 

(b) 

Fig. 17-30 

cancelled out. Eta would have been in 
phase with the capacitor voltage and the 
circuit would have behaved as if nothing 
but capacitance were present. 

The total effective reactance in the 
circuit is always the difference between 
the inductive and the capacitive re-
actances. 

X = X — Xc 

For example, in the circuit of Fig. 
17-30, if XL. is 300 ohms and Xc is 200 
ohms, the total reactance will be 300 — 
200 = 100 ohms of inductive reactance. If 
the applied voltage is 115 volts, the ef-
fective current in the circuit is: 

E 115 
1 = = jj = 1.15 amp. 

Since inductive and capacitive re-
actances have opposing phase angles, 
they always cancel when connected in 
series. If the result is inductive, the 
current lags the voltage by 90°; if it is 

capacitive, the current leads the voltage 
by 90°. An inductive reactance is said 
to have a positive phase angle, or to be 
a positive reactance. Capacitive re-
actance is referred to as negative re-
ectance, and is said to have a negative 
phase angle. 

17-7. IMPEDANCE 

We know that Ohm's law applies to 
an a-c circuit containing nothing but 
resistance, and we have just learned how 
to modify it for a circuit containing re-
actance only. In most radio and televi-
sion circuits, however, resistance is 
combined with one or both kinds of re-
actance. Simply adding the resistance 
and reactance does not give the correct 
total opposition to current flow because 
of the different phase angles. We have 
already talked about RL and RC cir-
cuits and have seen how the amount of 
resistance in a circuit, compared with 
the amount of reactance, can vary the 
phase angle from nearly zero to nearly 
90 ° of lead or lag. 

When resistance and reactance are 
both present in an a-c circuit, the total 
opposition to the flow of current is a 
special combination of the two and is 
called the impedance. Impedance is 
measured in ohms. The symbol is Z. 

In a series circuit, such as that in 
Fig. 17-31a, we still find the total re-
actance by taking the difference between 
X and X , because the voltage drops C 
across the coil and capacitor are always 
180° out of phase. To find the imped-
ance, however, we must add the values 
of reactance and resistance in such a 
way as to take into account the 90° 
phase difference between the voltage 
drop across the resistance and that 
across each reactance. 

We can find the impedance of a cir-
cuit graphically, by plotting the net re-
actance against the resistance. This is 
shown for the circuit of Fig. 17-31a in 
(6) of the figure. First, we draw the re-
sistance, 3 ohms, to a suitable scale. 
Then, using the same scale, we plot the 



Impedance 
17-31 

=‘/R 2 + (XL — X02 = f(3)2 + (10-6)2 = 

XL=10.n. Xcr6.n R = 321. 

(a) 

Z=5 

Fig. 17-31. 

XL=4 

net reactance - in this case, 10 — 6 ohms 
equals 4 ohms. In this circuit the net 
reactance is inductive, since XL is larger 
than X. Since the reactance is induct-
ive, the current through it must lag the 
voltage across it by 90°. However, the 
current through the resistance is in 
phase with the voltage across it, as it is 
in any circuit. Thus the voltage drop 
across the reactance is 90° out of phase 
with the voltage drop across the re-
sistance. We take this into account by 
drawing the reactance line at a 90° 
angle to the resistance line. 

Now, if we connect the two lines to 
form a right triangle, the line opposite 
the 90° angle — called the hypotenuse 
of the triangle — gives the value of im-
pedance, Z. In this case, measuring the 
hypotenuse shows that the impedance is 
5 ohms. 

The impedance triangle also gives 
another important piece of information. 
The angle between R and Z is the phase 
angle between the voltage and the cur-
rent in the circuit. In this case, it is 
about 53°. 

It would be possible to draw the im-
pedance triangle to scale, measure the 
hypotenuse with a ruler and the phase 
angle with a protractor and thus solve 
nearly any circuit. However, it is easier 
to use a formula. The formula for im-
pedance is: 

Z 2 + X2 or Z =\IR 2 4. (XL xc )2 

All values are in ohms. 

We find the impedance of the circuit 

in Fig. 17-31 by simply substituting in 
the formula: 

\I (3 )2 + (4)2 = r--v25 = 5 ohms 

If it becomes necessary to find the 
exact phase angle, we can use trigno-
metric tables, which may be found in al-
most any mathematics book. The tangent 
of the phase angle is X/R: we can sub-
stitute values and find the result in the 
tables. In Fig. 17-31 the tangent equals 
X/R = 4/3 1.33; the angle having this 
tangent is about 53°. Hence the current 
in the circuit will lag the applied voltage 
by this amount. 

If the values of Y and Xc in Fig. 
17-31a were reversed, the capacitive re-
actance would predominate. The result-
ing impedance value would be the same 
and so would the phase angle, but the 
current would lead the applied voltage 
by 53 °. 

In certain special cases it is not 
necessary to go through the impedance 
calculation. When either X or R is more 
than 10 times the other quantity, the im-
pedance is practically equal to the larger 
of the two. Thus, for example, if X = 100 
ohms and R = 10 ohms, we can assume 
that Z = 100 and not be wrong by more 
than 14 of 1 percent (the actual value is 
100.5 ohms). 

Since reactance changes as frequency 
changes, impedance must also vary with 
frequency. If the impedance consists 
mostly of reactance, the impedance will 
change almost as fast as the reactance, 
but if the resistance is much larger than 
the reactance, the impedance change will 
be very slow. 

Occasionally we may find series cir-
cuits containing several resistors and 
more than one coil or capacitor. The im-
pedance is still easy to calculate. Simply 
add all the resistances to find the total 
R, then add all the inductive reactances 
and all the capacitive reactances sepa-
rately and use the difference between 
the totals in the formula. Reactances in 
series always add, just like resistances, 
but remember to add inductive and ca-
pacitive reactances separately. 
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Ohm's Law for Impedance - Since 
impedance is the total opposition to the 
flow of a-c current, and since it takes 
phase differences into account, we can 
substitute impedance for resistance in 
the Ohm's law equations and obtain a 
true solution of a-c circuits. 

E = IZ 

E 
I = z 

E 
7 

where 7. = impedance in ohms 

E = effective voltage in volts 

/ = effective current in amperes 

As an example of the application of 
these formulas, we can use the circuit of 
17-31a. We calculated that the impedance 
of this circuit was 5 ohms. If we assume 
that a sine-wave voltage of 20 volts rm S 
(effective) is applied, the current in the 
circuit must be: 

E 20 
/ =T= = 4 amperes 

This is the effective current. It flows 
through all the components in the circuit. 
By again applying Ohm's law, we can 
determine the voltage drop across each 
component: 

Across the resistor: E = IR = 4 x 3 = 
12 volts 

Across the capacitor: E = IXc = 4 x 6 
= 24 volts 

Across the coil: E = IX = 4 x 10 = 
40 volts 

Notice that the voltage drop across 
the coil is twice the applied voltage. In 
a-c circuits containing inductance and 
capacitance the voltage drops across 
the reactances are often many times the 
applied voltage, since these voltage 
drops are dependent only upon the line 
current and the values of the reactances. 
At any point in time, however, the sum 
of the instantaneous voltage values 
equals the voltage applied to the entire 
circuit. Fig. 17-33 

No power is dissipated by the re-
active voltage drops, since energy is 
simply transferred between the electric 
field of the capacitor and the magnetic 
field of the coil. 

Impedance in Parallel Circuits - To 
determine the impedance of simple paral-
lel circuits, a different technique must 
be used. Suppose, for example, we want 
to find the impedance of the circuit of 
Fig. 17-32. 

'I/ne 

Fig. 17-32 

R. 25n. 

IR. 4 amps 

In this case we use Ohm's law for 
impedances, 7 = E/I, where 

Z = impedance of the circuit in ohms 

E = applied voltage in volts 

/ = line current in amperes 

To calculate the line current, we 
must take into account the difference of 
phase of the branch currents. The line 
current may be found by the formula: 

11e\ftR2 + )2 
L C' 

For the circuit in Fig. 17-32, then, 
the line current is: 

+ ( 3) 2 = \i75- = 5 amps 

The circuit impedance is: 7 = Ell = 
100/5 = 20 ohms 

Figure 17-33 illustrates impedance 

'line 

R • 50.n. 

IR. 4 amps 
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calculation for a parallel circuit made up 
of resistance and capacitance. 

R 

200 
- 100 

200 
50 

2 amps 

4 amps 

/line = \P4) 2 + ( 2)2 = 4.47 

200 
4.47 = 44.7 ohms 

_Tune 

Fig. 17-34 

c.commf 

Figure 17-34 illustrates still another 
case, in which resistance, inductance, 
and capacitance are connected in paral-

lel. Note that in this case, since only 
L and C are given, the inductive and 
capacitive reactances at the frequency 
of the applied voltage must be found 
before the line current can be determined. 

X = 2 rfL = 126 ohms 

1  
X = 2-rr fC = 266 ohms 

10 
266 

10 
126 

10 
100 

= .037 amp 

= . 08 amp 

= . 1 amp 

1 = F).1)2 + (. 08 — . 037) 2 line 

V7.( 11:37 = . 11 ¡ imp 

10 
Z = . 1] = 90.9 ohms 
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The " A-C Circuit Principles" lesson 
considered the action of resistors, in-
ductors, and capacitors in a-c circuits. 
During the discussion of inductive and 
capacitive reactance, it was found that 
inductive reactance increases and capaci-
tive reactance decreases with an increase 
in frequency. If a coil and a capacitor are 
connected in series, the increasing in-
ductive reactance must at some frequency 
meet the decreasing capacitive reactance; 
that is, at some one frequency the total 
reactance must be zero. This condition 
is called resonance. It is one of the most 
important principles in radio and tele-
vision, since it makes possible the de-
sign of frequency-selective circuits, 
which will pass signals of a certain pre-
determined frequency or frequencies but 
reject signals of other frequencies. The 
tuning circuits of television receivers, 
for instance, make use of resonant cir-
cuits to accept picture and sound signals 
from one channel but reject those from 
other channels. 

I8- I. SERIES RESONANCE 

Figure 18-1 shows a series-resonant 
circuit: a coil and a capacitor in series 
with a source of alternating voltage. The 
resistor, shown in dashed lines in the 
figure, represents the resistance of the 
coil, capacitor, and wiring. Often, in 
schematic diagrams of practical circuits, 
this built-in or distributed resistance is 
not shown. However, in analyzing such 
circuits it is necessary to remember that 
some resistance is present. We learned in 
the " A-C Circuit Principles" lesson that 
the total or net reactance of such a cir-
cuit equals the difference between the 
inductive and capacitive reactances, be-
cause the voltage drops across them are 
180° out of phase. If the reactances are 
equal and opposite, they cancel e-ach 

other and the flow of current is limited 
only by the resistance of the circuit. So 
far as the generator is concerned, at one 
frequency there is no reactance. This fre-
quency is called the resonant frequency, 
and is abbreviated fr. 

Fig. 18-1 

Figure 18-2 illustrates what happens 
to the reactances in the series circuit if 
the generator supplying a-c voltage is 
started at some low frequency and grad-
ually increased to some very high fre-
quency. Frequency is shown increasing 
from left to right, and reactance is plotted 
from the baseline upward. Voltage values 
are unimportant, since we are interested 
only in frequency. 

frequency 

Fig. 18-2 

At the lowest frequency shown, the 
capacitive reactance, Xe., is very high, 
overshadowing the small inductive re-
actance, XL, and the circuit behaves as 
if it contained only a capacitor and a re-
sistor. The resistance in the circuit, in-
dicated by the dashed line, is assumed 
to be the same at all frequencies. As the 
frequency of the applied voltage is in-
creased, the capacitive rèactance de-
creases and the inductive reactance in-
creases. At some very high frequency, 
the situation is reversed, the inductive 
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reactance predominates, and the circuit 
behaves as if only a coil and a resistor 
were present. 

At some frequency, the decreasing 

capacitive reactance and the increasing 
inductive reactance must meet; that is, 
become equal. On the graph, this occurs 
where the reactance lines cross, at the 
frequency fr. The frequency at which 
resonance occurs depends upon the values 
of inductance and capacitance. It may be 
near power-line frequencies or far above 
the range of the highest TV channels. 

At resonance, the reactances cancel 
out completely, and the amount of current 
that flows depends entirely upon the 
value of resistance. If the applied voltage 
remains constant in amplitude at all fre-
quencies, a higher current will flow in 
the circuit at resonance than at any other 
frequency, because at that frequency the 
net reactance is zero, leaving only the 
resistance to limit the current flow. 

, Reactive Voltage Drops — Even though 
at resonance the generator does not see 
any reactance in the circuit, both the 
coil and the capacitor have definite 
values of reactance. There will therefore 
be voltage drops across both the capaci-
tor and the coil. Furthermore, since the 
current is greater at resonance than at 
any other frequency, these voltage drops 
may be very large at the resonant fre-
quency. 

As an example of how large the re-
active voltage drops at resonance may 
be, assume that 20 volts at the resonant 
frequency is applied to the circuit of 
Fig. 18-1, and that XL = 400 ohms, Xc = 
400 ohms, and R = 5 ohms. The react-
ances cancel and the current is E/R = 
20/5 = 4 amperes. This current is the 
same in all parts of the circuit, and flows 
through both the coil and the capacitor. 
The voltage drop across the coil is /XL = 
4 x 400 = 1,600 volts. The voltage drop 
across the capacitor is /Xc = 4 x 400 =-
1,600 volts. This is one of the character-
istics that make resonant circuits so im-
portant. Even though these voltage drops 
cancel in the circuit itself, the difference 
of potential across either one can be 
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used in another circuit. Thus a voltage 
can be amplified by a resonant circuit. 

Resonant Frequency — The resonant 
frequency of a particular coil and capaci-
tor combination is that frequency at 
which the inductive and capacitive re-
actances are equal; that is, when: 

X = L C 

or 

277-1;L =  1  
2 Trf,C 

Multiplying both sides of this equation 
by fr and dividing both sides by 2-rrt, 
gives: 

1 

/-r2 e• 4 77 2LC 

Taking the square root of both sides of 
this equation gives: 

r  1  
27 \ILC 

where fr = resonant frequency in cycles 
per second 

Ti = 3.14 

= 

c = 

inductance in henrys 

capacitance in farads 

For circuits operating at radio fre-
quencies, these units are very large, so 
we can modify the formula to use more 
practical values: 

10 6  

fr - 2 r‘/LT' 

where fr = frequency in kilocycles 

10 6 = 1,000,000 

= 3.14 

L = inductance in microhenrys 

C = capacitance in rnicromicro-
farads 

If, for instance, we have a 2-micro-
henry coil and an 18-mmf capacitor in a 
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series circuit, the resonant frequency of 
the combination will be: 

106 106  

2 -Tr 3.14 x 2 x\,/ 2 x 18 

10 6 10 6 1,000 000 
  - 26,530 kc 

6.28 x 6 37.7 37.7 

or 26.53 mc. 

LC Product — Notice that the resonant 
frequency depends entirely on the in-
ductance and capacitance in the circuit. 
The use of a variable coil or capacitor 
makes it possible to vary the resonant 
frequency of the circuit. Varying the 
resonant frequency is called tuning the 
circuit. The formula shows that the prod-
uct of L and C — the q uantity obtained 
when L and C are multiplied — is always 
the same for a particular frequency. 
Using the example above, the product of 
L and C is 2 x 18 .= 36, which gives a 
resonant frequency of 26.53 mc. The 
value 36 is called the LC product for 
this particular frequency. Any coil and 
capacitor the LC product of which is 
36 will have a resonant frequency of 
26.53 mc. For example, the list below 
shows a few of the possible combinations. 

h/mmf ,u h/mmf 

1 

2 

3 

4 

36 

18 

12 

9 

6 6 

Any of these combinations will res-
onate at 26.53 mc. Thus we may use a 
large C and a small L, or a large L and a 
small C to obtain resonance at a par-
ticular frequency. The relationship be-
tween the values of the two is called 
the LC ratio. This term is usually used 
in referring to a particular circuit or type 
of circuit for which a certain LC ratio is 
considered "normal". The r-f tuning 

capacitors in broadcast radios, for in-
stance, usually have a capacitance of 
about 365 mmf. A coil for the broadcast 
band is about 250 ,tih, resulting in an 
LC ratio for this type of circuit of about 
1/1.4. If we designed such a circuit 
using a larger capacitance and a smaller 
inductance, it would be called a high-C 
circuit. If we used a smaller capacitance 
and a larger inductance, it would be a 
low-C circuit. However, these terms 
would only apply for this particular ap-
plication. There is no ideal LC ratio for 

all purposes; the best ratio for any cir-
cuit depends upon the requirements of 
the circuit. 

Resonance Curve — We have already 
examined the basic operation of the 
series-resonant circuit in Fig. 18-1. 
Since the reactances cancel each 
other at the resonant frequency, the 
impedance of a series-resonant circuit 
becomes: 7r = R. At this frequency, the 
current is in phase with the applied 
voltage. For frequencies above the 
resonant frequency, the inductive re-
actance exceeds the capacitive react-
ance, and the net reactance is inductive. 
The current thus lags the applied voltage 
for frequencies higher than the resonant 
frequency. For frequencies below the 
resonant frequency, the capacitive re-
actance exceeds the inductive reactance, 
and the current leads the applied voltage. 
The variation of impedance, which is the 
a-c sum of net reactance and resistance, 
is shown in Fig. 18-3a. 

The plot of current is shown in Fig. 
18-36. The greatest value of current 
flows at the resonant frequency, since it 
is limited only by the resistance of the 
circuit. Due to the increasing impedance 
away from the resonant frequency, the 
current correspondingly decreases. The 
curves of Fig. 18-3 are known as reson-
ance curves. 

Bandwidth and Selectivity — The 
shape of the resonance curves indicate 
that a series-resonant circuit may be 
quite selective or sharp, because rela-
tively large currents can flow only when 
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fr 
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(b) 

Fig. 18-3 

the applied voltage is within a narrow 
band of frequencies extending on either 
side of the resonant frequency. The 
largest current flows at the resonant 
frequency, of course, but there is also a 
relatively large current flow on each 
side of resonance. Thus sizeable cur-
rents result from alternating voltages in 
a band of frequencies near the resonant 
frequency. We say that these frequencies 
are passed or accepted by the circuit, 
and that those at which little or no cur-
rent flows are rejected. The band of 
frequencies accepted by the circuit may 
include only a few hundred or a few 
thousand cycles, or, as in television 
tuners, it may include eight or ten mega-
cycles. It is called the bandwidth of the 
resonant circuit. 

In order to compare different circuits 
in terms of bandwidth, we must know 
which frequencies are considered to be 

passed and which rejected. For this 
reason, we say that the bandwidth of a 
circuit is the difference between the 
half-power frequencies or half-power 
points of the circuit. We learned in the 
"A-C Circuit Principles" lesson that 
the power in a pure inductance or a pure 

capacitance is not dissipated, but re-
turned to the source. When an inductor 
and a capacitor are connected in a series 
circuit, then all the reactive power is 
returned to the source. The power dis-
sipated in the circuit is therefore I2R. 
Since maximum current flows at reso-
nance, maximum power dissipation must 
also occur at resonance. At some fre-
quency above resonance, exactly one-
half the maximum power will be dis-
sipated. This is called the upper half-
power point. At some frequency below 

resonance, one-half the maximum power 
will also be dissipated. This is called 
the lower half-power point. The frequen-
cies between these half-power points are 
considered to be passed by the circuit. 
Since resonance curves plot current 
rather than power against frequency, it is 
convenient to be able to locate the half-
power points on the current curve with-
out calculating the power. This can be 
done by multiplying the current at reso-
nance times . 707. The resultant points 
on the curve are the half-power points. 
This is shown in Fig. 18-4. 

lower half-
power point I 

>•C 

F.--bandwidth 

••••_uPper holf-
power point 

frequency___,-

Fig. 18-4 

This definition of bandwidth makes it 
possible to classify resonant circuits as 
narrow-band or broad-band. If only a small 
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range of frequencies is accepted by a 
circuit, the bandwidth is narrow. If a 
large range of frequencies is accepted, 

the bandwidth is broad. Both broad- and 
narrow- band circuits are used in radio 
and television receivers. 

Circuit 0 and Bandwidth — The shape 
of the response curve for any series-
resonant circuit depends primarily upon 
two factors: the reactance in the circuit 
and the resistance in the circuit. At 
resonance, the inductive reactance equals 
the capacitive reactance. Both the in-
ductive branch and the capacitive branch 
contain resistance, as we have seen. 
However, the distributed resistance of a 
coil is so much greater than that of a 
capacitor that we can assume, for prac-
tical purposes, that all the resistance is 
in series with the coil. This being so, 
the ratio of the inductance of the coil to 
the resistance of the coil is essentially 
the same as the ratio of either reactance 
of the circuit to the resistance of the 
circuit. The ratio of reactance to re-
sistance of a coil, as we learned in the 
"A-C Circuit Principles" lesson, is 
known as the Q of the coil. The same 
term applies in the case of resonant 
circuits. In a series-resonant circuit, 
therefore, where all the resistance of the 
circuit is assumed to be in series with 
the coil, the Q of the circuit is the same 
as the Q of the coil. XL /R • • 

The selectivity of a 
circuit — the sharpness 
curve — varies directly 
the circuit. High-Q circuits are narrow-
band, passing only those frequencies 
near the resonant frequency. Low-Q cir-
cuits, on the other hand, are broad-band, 
and pass a much greater range of fre-
quencies. Thus series-resonant circuits 
may be compared in terms of their Q's; 
a high-Q circuit being more sharply selec-
tive than a low-() circuit. 

Examining the formula, Q = XL/R, it 
can be seen that an increase in R must 
decrease the Q of the coil, and thus of 
the circuit. Since selectivity varies di-
rectly with Q, this means that an in-
crease in R results in less selectivity, 
or broader bandwidth. This is illustrated 

series-resonant 
of its response 
with the Q of 

fr 

low R, high 0 

medium R, medium 0 

high R, low 0 

bandwidth., — 

frequency . 

Fig. 18-5 

in Fig. 18-5. Note that the effect of 
adding resistance is twofold. First, the 
portion of the resonance curve near reso-
nance becomes broader and flatter. As 
the peak flattens, the circuit begins to 
permit almost equal currents to flow for a 
wide band of frequencies on either side 
of resonance. This means that the band-
width of the circuit is increased. At the 
same time, the peak of the curve is pulled 
down. Since the curve plots frequency 
against current, this means that at the 
resonant frequency, less current flows 
as the resistance in the circuit is in-
creased. In the design of practical cir-
cuits, this frequently necessitates a 
compromise. When high output at the 
resonant frequency and the narrowest 
possible bandwidth is desired, a very 

high-Q circuit is used. In many cases, 
however, a circuit must pass a wide range 
of frequencies. Greater bandwidth may be 
obtained by adding series resistance to 
the circuit. However, the maximum output 
at the resonant frequency is decreased, 
as noted above. 

Returning to our example of Fig. 18-1, 
where the reactances at resonance were 
X = 400 ohms, Xc = 400 ohms, and R = 
5 ohms, the Q of the circuit is: 

XL 400 
Q =— = = 80 

If the Q of a circuit is known, it is 
possible to calculate the reactive voltage 
drops across the coil and capacitor at 
resonance without having to determine 
the current. The reactive voltage drop 
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across either reactance equals (,) times 
the applied voltage, which was 20 volts 
in the example. The voltage drop across 
either the coil or the capacitor at reso-
nance, therefore, is: QE = 80 x 20 = 
1,600 volts. This is the same result we 
obtained by calculating the current and 
multiplying it times the reactance. Note 
that the higher the Q, the greater is the 
voltage drop across either the coil or the 
capacitor. 

18-2. PARALLEL RESONANCE 

Figure 18-6a shows a circuit made up 
of a coil, a capacitor, and a voltage source. 
The circuit is a parallel one, because the 
same generator voltage is applied to both 
branches. We will assume that there is 
no resistance or resistive losses in the 
circuit. At resonance, the capacitive and 
inductive reactances are equal. Since the 
same generator voltage appears across 
each branch, the currents through the two 
reactances are equal and opposite ( 180° 
out of phase with each other). Therefore, 

the main-line or line current is zero. This 
is shown in the graph of Fig. 18-66. The 
frequency at which this condition oc-
curs — that is, the resonant frequency — 
can be found by the same formula used to 
calculate series resonance: 

1  

Ir 2r 

If the frequency of the applied voltage 
is increased from resonance, the capaci-
tive current becomes greater and the in-
ductive current smaller, leaving a net 
capacitive current which is the line cur-

rent. This current increases as the fre-
quency increases. If the frequency of the 
applied voltage is decreased from reso-
nance the inductive current increases, 
the capacitive current decreases, and a 
net inductive line current flows. Figure 
18-6b shows the variation of line current 
with frequency. Note that line current is 
zero at the resonant frequency, and in-
creases on either side of resonance. 

From the formula, Z = E/1, l repre-
senting line current, we can plot im-
pedance versus frequency. This is done 
in Fig. 18-6a. Note that the curve is the 
reverse of the current curve. Since at 
resonance the current is zero, the im-
pedance at resonance is infinite ( larger 
than can be measured). This is indicated 
in the figure by a break in the impedance 
curve. At frequencies away from reso-
nance, the impedance decreases, be-
cause the line current increases. 

o 

Fig. 18-7 

Figure 18-7 illustrates another char-
acteristic of parallel-resonant circuits. 
We know that the two branch currents 
are equal, but opposite in phase. This 
accounts for the line current being zero. 

(b) (c) (c) 

Fig. 18-6 
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However, current does flow in the circuit 
made up of the coil and capacitor, but 
simply circulates between the coil and 
the capacitor. This current is called the 
circulating or tank current, and the coil 
and capacitor combination is called the 
tank circuit. The tank circuit and cur-
rents are represented in the figure by 
solid lines, and the line circuit by dashed 
lines. 

Parallel-Resonant Circuits With Series 
Resistance - In the preceding section, a 
theoretical circuit containing no re-
sistance or resistive losses was as-
sumed. In practical circuits, however, 
some resistance is always present, most 
of it in the coil. The presence of such 
resistance causes parallel-resonant cir-
cuits to behave somewhat differently. 

Figure 18-8a shows the parallel cir-
cuit now to be considered. Notice that 
the resistance appears in series with 
the coil. Actually, the resistance is dis-
tributed throughout the coil, but can be 
considered as a single resistor for all 
practical purposes. The capacitor ap-
pears across the coil and resistor. Re-
sistive losses of the capacitor are usual-
ly negligible and therefore can be dis-
regarded. Resonance can again be de-
fined as the frequency at which the in-
ductive and capacitive reactances are 
equal. Hence, the same formula still 
applies: 

1  

fr. - 2 Tr \I-11,-F-

Since there is some resistance in the 
inductive branch, that branch current 
does not lag the voltage by 90°, as in 
the circuit without resistance, but by 
slightly less than 90°. The capacitive 
branch current leads the voltage by ex-
actly 90°, since we consider the capaci-
tor to have ne resistance. The two branch 
currents are not 180° out of phase with 
each other, and do not completely cancel. 
Thus there will be a small net or line 
current. Another way of looking at this 
action is to consider that only as much 
line current flows as is necessary to 
make up the losses in the circuit. These 

(0) 

fr f 

(b) 

Fig. 18-8 

losses are usually small at resonance, 
since the resistance of the coil and cir-
cuit wiring is small. Therefore, only a 
small current is taken from the line. 
Because the line current at resonance 
is minimum, the impedance is maximum. 
Away from the resonant frequency, the 
line current increases, just as in the 
theoretical circuit without resistance, 
and the impedance of the circuit de-
creases. Current and impedance are 
plotted against frequency in Fig. 18-86. 
Note that the impedance curve reaches a 
finite, maximum value at resonance. 

The impedance of a parallel LC cir-
cuit at resonance is dependent upon the 
Q of the coil and the reactance of either 

L or C. The formula for impedance at 
resonance is: Z = OX. 

Problem: What is the resonant fre-
quency. of a parallel-resonant circuit if 
L = 5 µh, C = 45 mmf, and R = 6 ohms. 
What is the impedance of the circuit at 
resonance? 

1  

- 2-7 

fr = 10,620 kc or 10.62 mc 
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Q = x = 2 r fL = 333 = 56 
R R 6 

Z. = QX = 56 x 333 = 18,648 ohms 

Bandwidth or Selectivity — The band-
width or selectivity of a parallel-resonant 
circuit containing series resistance, as 
in series circuits, is dependent upon the 
Q of the coil. Figure 18-9 shows the 
bandwidth of parallel LC circuits with 
coils of three different Q's. The im-
pedance curves are also shown. Note 
that with the coil of the highest Q, the 
line current at resonance is minimum and 
the impedance maximum. With coils of 
lower Q, the line current at resonance is 
still minimum for the circuit, but is 
higher than that of a high-Q coil. Similar-
ly, the impedance is still maximum for 
the circuit, but less than that of circuits 
with higher-Q coils. Since Q is inversely 
proportional to R, to obtain high selec-
tivity, resistance must be kept at a 
minimum. 

Fig. 18-9 

Parallel Circuits with Shunt Re-
sistance — In practice, a resistor is 
often placed across a parallel-resonant 
circuit to increase the bandwidth of the 
circuit. The effect of this resistance-
loading is shown in Fig. 18-10, in which 
a resistor appears across the parallel-
resonant circuit and is thus one leg of a 
three- branch parallel circuit. At the 
resonant frequency, the inductive and 
capacitive reactances are equal; hence 

(a) 

f 

(b) 

Fig. 18-10 

the two reactive branch currents are 
equal and opposite. If there were no 
resistance in the circuit, the line cur-
rent would be zero. However, the parallel 
resistance allows a current to flow. The 
value of this line current at resonance 
depends almost entirely upon the value 
of the parallel resistance. At frequen-
cies away from resonance, one branch 
current becomes greater, and is only 
partially cancelled by the smaller. The 
line current is then made up of the cur-
rent through the resistor plus the excess 
reactive current. This line current in-
creases farther from resonance, because 
the difference between the two reactive 
currents becomes greater. The plot of 
line current and impedance against fre-
quency is shown in Fig. 18-101'. At reso-
nance the impedance decreases as the 
frequency either increases or decreases 
away from the resonant frequency. The 
impedance at resonance is sometimes re-
ferred to as resistive impedance, be-
cause the reactive currents cancel and 
the impedance is that of the parallel re-
sistance. 

The determination of the Q of such a 
circuit is not the same as for the cir-
cuits encountered. When the resistor is 
in parallel with the coil and capacitor: 
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Thus, the effect of decreasing the 
resistance is to decrease the Q and in-
crease the bandwidth. In practice, a 
small resistor is often placed across a 
parallel-resonant circuit to obtain wide 

bandwidth. 

Summary of Series— and Parallel-
Resonant Circuits — The more important 
characteristics of series— and parallel-
resonant circuits are summarized below. 

SERIES- RESONANT CIRCUITS 

1. The resonant frequency may be 
found by the formula: I,' = 1/(2 7r ‘rE7-) 

2. At resonance, XL = Xc, impedance 
is minimum, and maximum line current 
flows, being limited only by the resist-
ance. 

3. The phase angle is zero, and the 
line current is in phase with the applied 
voltage. 

4. At frequencies below resonance, 
the circuit appears capacitive, and the 
line current leads the applied voltage. 
At frequencies above resonance, it ap-
pears inductive, and the line current lags 
the applied voltage. 

5. Bandwidth and selectivity are de-

pendent upon the Q of the coil. H igh Q 
results in high selectivity and high out-
put at resonance; low Q broadens the 
bandwidth and decreases the output at 
resonance. 

6. The voltage drops across the coil 
and capacitor may be greater than the 
applied voltage. The drop across either 
reactance at resonance may be calculated 
by the formula: QE. 

PARALLEL-RESONANT CIRCUITS 

1. The resonant frequency may be 
found by the same formula used for 
series-resonant circuits: fr.1/(2 77 ‘fra, 

2. At resonance, XL = XL., and the 
branch currents are equal and 180° out of 
phase. 

3. 
mum 

At resonance, impedance is maxi-
and the line current is minimum. 

4. Above resonance, the circuit ap-
pears capacitive, and the line current 
leads the applied voltage. At frequen-
cies below resonance, the circuit ap-
pears inductive, and the line current lags 
the applied voltage. 

5. The phase angle is zero at reso-
nance, and the line current is in phase 
with the applied voltage. 

6. Bandwidth is determined by the 
amount of resistance that is in series 
with the coil or in parallel with the coil 
and capacitor. 

18-3. RESONANT -C I RCU I T APPL I CAT IONS 

Tuned Circuits — Probably the most 
important use made of the resonance 
principle is in tuned circuits. Television 
sets employ a dozen or more tuned cir-
cuits in the r-f and i-f sections. Tuned 
circuits make use of the frequency- se-
lective characteristics of resonant cir-
cuits. That is, even though signals of 
many frequencies are applied to a tuned 
circuit, the circuit provides an output 
at only a limited, predetermined band of 
frequencies. Before considering actual 
circuits, therefore, let us see how a 
selective output, either voltage or cur-
rent, can be obtained from a parallel-
resonant circuit. 

First, suppose that a selective volt-
age output is desired. Figure 18-11a 
shows a parallel-resonant circuit con-

nected to an a-c generator which is as-
sumed to have no internal resistance. As 
in all parallel circuits, impedance must 
be maximum and line current minimum 
when the applied voltage is of the fre-
quency at which the parallel circuit is 
resonant. At frequencies off resonance, 
line current and impedance go through 
resonance curves, as we have seen. 
Since impedance varies with frequency, 
we can, for our purposes, represent the 
circuit as in (b) of the figure, with the 
parallel circuit shown as a variable re-
sistor. 
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Fig. 18-11 

If the applied voltage is constant in 
amplitude, all the output voltage must 
appear across the variable resistor, re-
gardless of the frequency of the applied 
voltage. Varying the value of the resistor, 
therefore, does not affect the voltage 
drop across it. Substituting the impedance 
of the parallel circuit for the variable 
resistor, a graph of voltage versus fre-
quency would simply be a straight line, 
as shown in Fig. 18-11c. Under these 
conditions, a selective voltage output 
cannot be obtained. 

Now suppose we add another re-
sistance , Rig> in series with the generator 
and the resistor representing the parallel-
resonant circuit, as shown in Fig. 18-12a. 
This arrangement acts like a voltage di-
vider, and the applied voltage divides 
between R and R. The sum of these 
two voltage drops must equal the applied 
voltage, and the drop across R is pro-
portional to the ratio of its resistance to 
the total resistance of the circuit. De-
creasing the value of R results in less 
voltage drop across it; increasing R 
causes more voltage to be developed 
across it. And since R in our example 
represents the impedance of the parallel 
circuit — which varies with the frequency 
of the applied voltage — the voltage out-
put of the circuit must also vary with 
the frequency. Figure 18-12b shows the 
output voltage plotted against frequency. 
Note that maximum output voltage co-
incides with the resonant frequency. 
This is always true, since at resonance 
the impedance of the tank circuit is at its 
maximum and the highest possible volt-
age is developed across it. At frequen-
cies away from resonance, the impedance 
of the tank circuit decreases, and the 
voltage across the tank circuit decreases. 
In practical circuits, Re may be the in-

(a) 

E 
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ternal resistance of the generator or 
source. 

Figure 18-13 shows the selectivity 
curves for three values of R . As we 
have seen, when Rg is zero, the output 
voltage does not vary with frequency. As 
R is increased, better selectivity (a 
sgarper curve) is obtained but the maxi-
mum voltage at the resonant frequency 
decreases. This principle appears in 
practical amplifier circuits using pentode 
tubes. A typical circuit is shown in Fig. 
18-14. The plate impedance of the tube 
is R and is much larger than the im-
pedance of the tank circuit. The output 
of the tank circuit, therefore, is selec-
tive. 

frequency ,. 

Fig. 18-13 

This voltage output may be taken off 
through a coupling capacitor and applied 
to the following circuit. However, in 
many cases it is desirable to couple 
inductively the output of the tuned tank 
circuit to another tuned circuit. This 
can be done by making use of the in-
ductive branch currents in the parallel-
resonant circuit. Let us first study the 
behavior of the branch currents. 
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The branch currents, under certain 
conditions, go through a resonance curve 
with variations in input frequency. At 
resonance, the voltage across the tank 
circuit is maximum, and the branch cur-
rents are also maximum. At frequencies 
above and below resonance, the branch 
currents vary directly with the voltage 
across the tank circuit. The voltage 
decreases off resonance, and the branch 
currents also decrease. The currents go 
through resonance curves of approximate-
ly the same shape as that of the voltage. 
Figure 18-15a, which plots variations 
of voltage and branch currents against 
frequency, shows this. Note that these 
curves hold true only if, the generator, 
tube, or other source of voltage has 
internal resistance. If there is no internal 
resistance, neither the voltage nor the 
branch currents go through resonance 
curves. However, in all practical circuits 
the generator or tube contains internal 
resistance, and the branch currents do 

E, 

fr 

(a) 

frequency_. 

go through resonance curves. Hence they 
can be used to furnish a selective cur-
rent output. 

In Fig. 18-15b, the current through 
the coil is taken off by inductive coupling 
to another coil. Since the voltage in the 
secondary is induced by the current flow-
ing in the primary, the voltage in the 
secondary must follow a resonance curve 
almost like that of the primary. 

The output of a tank circuit can be 
made even more selective by using a 
double-tuned transformer, as shown in 
Fig. 18-15c. How selectivity is improved 
by the addition of another tuned circuit 
can be seen with the aid of Fig. 18-16. 

Suppose that the two tuned circuits of 
Fig. 18-16 have identical selectivity 
characteristics, so that, taken separate-
ly, the response curve of either would be 
that shown by the solid line in (b) of the 
figure. Note that the graph plots fre-
quency on either side of resonance 
against the ratio of output signal to input 
signal. This means that the degree to 
which the input signal is attenuated for 
a signal any number of kilocycles off 
resonance may be found by noting the 
height of the curve at that point. For 
example, at 5 kc below resonance, the 
output signal is only 90 percent of the 
input signal. This holds true for any 
value of applied voltage. 

If these two circuits are connected 
as a double-tuned circuit, as shown in 

primary 

(b) 

Fig. 18-15 

secondary 

primary 

secondary 

(c) 
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(a) of the figure (ignoring for the moment 
the degree of coupling), the output of the 
primary circuit becomes the input for the 
secondary circuit. If a signal 5 kc below 
resonance is applied to the primary, the 
graph shows that only 90 percent of the 
signal will appear in the output. This 
signal now acts as the input for the 
secondary. However, the secondary at-
tenuates the off-resonance signal, by the 
same percentage, so that only 90 percent 
of the already-reduced input appears in 
the secondary output. This holds true for 
all other frequencies as well, the signal 
being first attenuated by the tuned pri-
mary, then again by the tuned secondary. 
This results in a secondary response like 
that shown by the dashed line (b) of the 
figure. Note that it is appreciably sharper 
than the primary response curve. 

An additional advantage of using a 
double-tuned transformer is that the out-
put may be made considerably larger 
than the input. The secondary may be 
considered to be a series-resonant cir-
cuit, since the voltage induced in the 
coil is applied in series with the coil 
and capacitor. At frequencies near reso-

frequency 
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nance, therefore, the voltage across the 
reactances may be many times higher 
than the applied voltage, the exact 
amount depending upon the Q of the 
circuit. 

In many tuned-circuit applications, 
the exact shape of the response curve 
is very important. The shape of the 
response curve of a double tuned circuit 
may be changed by varying the coefficient 
of coupling. This term is used to des-
cribe the percentage of magnetic coupling 
between the two circuits. It can be varied 
by changing the relative position of the 
two coils. Coupling may be critical, 
tight, or loose. The effect of different 
degrees of coupling on the response 
curve is shown in Fig. 18-17. With criti-
cal coupling, the response curve of the 
secondary is a single-peaked curve of 

maximum height. If the circuits are loose-
ly coupled, the curve appears as a single 
peak but with reduced height. If the cir-
cuits are overcoupled — that is, coupled 
to a greater degree than that required 
for critical coupling — two peaks 
occur. By selecting the proper degree of 
-coupling for a series of tuned circuits, 
almost any desired response curve can 
be obtained. 

critical coupling 

,...—over coupling 

loose coupling 

Fig. 18-17 

Wavetraps — Just as resonant circuits 
can be used to pass a single band of 
frequencies, they can also be used to 
reject one band and pass all others. 
When used for this purpose, the circuits 
are called wavetraps or simply traps. 
Traps are especially useful at the input 
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of the r-f section of a television receiver, 
where many signals of different fre-
quencies are fed into the receiver from 
the antenna. Most of the undesired fre-
quencies are rejected by the tuned band-
pass circuits of the r-f amplifier and 
converter, but occasionally, a strong sig-
nal, such as that from a nearby FM sta-
tion, night be able to force its way 
through and cause interference in the 
picture or sound. Traps are built into 
many television front ends for the pur-
pose of eliminating interference from a 
single FM station. 

A parallel-resonant trap may be con-
nected in series with each side of a 
balanced transmission line, where it 
offers very high impedance to signals at 
or near its resonant frequency. The 
method of connection is shown in Fig. 
18-18a. Signals at other frequencies en-
counter negligible impedance and pass 
along to the r-f amplifier. The interfering 
signal, however, is either eliminated or 
greatly attenuated ( reduced in amplitude) 
by the high impedance. The traps are 
usually tuned to the interfering frequency 
by variable coils. 

balanced 
transmission 

line 

o  
HF 

o  

MOO  

(0) 

transmission 
line 

o  

(b) 

TO 
Tv receiver 

o 

 o 

TO 
Tv receiver 

Fig. 18-18 

o 

A series-resonant trap may also be 
used as a wavetrap, in which case it is 
connected across the line, as shown in 
Fig. 18-18b. The series circuit offers 

an extremely low impedance at the reso-
nant frequency, and looks almost like a 
short circuit to the interfering signal. 
The signal therefore does not go on to 
the r-f amplifier. Signals at other fre-
quencies see a very high impedance 
across the line and pass normally to the 
r-f section. 

/8-4. FILTERS 

LC combinations are used in series 
and parallel arrangements as filters, to 
attenuate or pass all frequencies above 
or below a desired critical frequency 
called the cut-off frequency (J.». Other 
filters are used to attenuate or pass 
whole bands of frequencies. These are 
unlike the wavetraps, which suppress a 
a narrow range of frequencies. Filters 
may be classified according to four 
basic types: 

1. Low-pass: passes all frequencies 
below the cut-off fre-
quency; attenuates 
those above cutoff. 

2. High-pass: passes all frequencies 
above cutoff; attenu-
ates those below. 

3. Band-pass: passes the band of 
frequencies between 
two cut-off frequen-
cies; attenuates those 
above and below. 

4. Band-elimination: attenuates the 
band of frequen-
cies between 
two cut-off fre-
quencies; pas-
ses those above 
and below. 

Filter designs vary considerably, de-
pending upon the characteristics desired. 
One important characteristic is sharp-
ness of cutoff, a term that indicates how 
rapidly signals beyond the cut-off fre-
quency are attenuated. Figure 18-1Qn 
represents the response curve of a 
simple low-pass filter. The cut-off fre-
quency is that frequency at which at-
tenuation begins; in this case, all higher 
frequencies are attenuated. Ideally, all 
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frequencies above cutoff would be com-
pletely eliminated, or attenuated to such 
a degree that they would not appear in 
the output of the filter. Such sharp dis-
tinction cannot be made with simple 
filters, however. The response curve 
shows that frequencies just above cut-
off appear in the output only slightly 
reduced in amplitude. The attenuation 
gradually increases until maximum at-

tenuation is reached: that point in the 
figure at which the output of the filter 
is zero. Figure 18-1% shows a simple 
low-pass filter with much sharper cut-
off. In this case, the slope of the curve 
from maximum to zero output is much 
steeper, and a much narrower band of 
frequencies is partially attenuated. 

cutoff 

(0) 

cutoff 

&equerries 
rejected 

frequencies 
rejected 

Fig. 18-19 

Basic Filter Theory — How a simple 
series circuit can be used as either a 
high-pass or a low-pass filter is shown 
in Fig. 18-20. The coil and capacitor in 
series with the source of a-c voltage 
from a voltage divider, and by using 
terminals 1 and 2 or terminals 2 and 3 
we can take the output of the circuit 
across either the coil or the capacitor. 
Suppose we first select terminals 1 and 

(0) 

frequencies 
rejected 

frequency, 

(b) 

frequencies 
rejected 

frequency 

(cl 

Fig. 18-20 

2, taking the output across the coil. If 
the generator supplies a voltage of low 
frequency, the reactance of the capacitor 
will be high, and a much greater voltage 
drop will appear across the capacitor 
than across the coil. Thus the output, 
which we take across the coil, will be 
low. If the applied voltage is of a rela-
tively high frequency, the reverse is 
true: the reactance of the coil is high 
and that of the capacitor is low. Most 
of the voltage drop appears across the 
coil, and can be passed to other cir-
cuits. Thus if we take the output across 
the coil, we have a high-pass filter. 
A typical response curve is shown in 
Fig. 18-206. 

Now suppose we use terminals 2 and 
3, the capacitor, to take off an output 

--e 
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voltage. For voltages of low frequencies, 
the reactance of the capacitor is high, 
and considerable voltage is developed 
across it. Since this voltage is the out-
put, low-frequency signals can be trans-
ferred to other circuits. At high fre-
quencies, the capacitive reactance is 
low, the inductive reactance is high, 
and most of the voltage appears across 
the coil, resulting in little or no output 
across the capacitor. Used in this way, 

the circuit acts as a low-pass filter, the 
response curve of which is shown in 
(c) of the figure. 

The cut-off frequency of either the 
low-pass or high-pass filter is deter-
mined chiefly by the values of L and C. 

Low-Pass Filters — Figure 18-21 
shows a simple low-pass LC filter: an 
inductor in series with the line, a capaci-
tor across it. At low frequencies the 
coil has little reactance and offers 
practically no opposition to low-fre-
quency signals passing through the 
line. The reactance of the capacitor at 
these low frequencies is high, and low-
frequency signals will develop a voltage 
across the capacitor, which is the out-
put. At high frequencies, however, the 
reverse is true. The inductive reactance 
is high, and the capacitive reactance is 
low, so that high-frequency signals are 
attenuated by the coil and very little 
voltage drop appears across the capaci-
tor. 

o  

input 

o  

(OW  

Fig. 18-21 

o 

output 

o 

High-Pass Filters — A simple high-
pass filter is shown in Fig. 18-22. This 
is essentially the reverse of the low-pass 
filter; the capacitor is in series with the 
line and the coil across it. For high-
frequency signals, the capacitor has 
little or no reactance, and the coil an ap-
preciable reactance. Therefore, high-

frequency signals will appear across the 
coil, as the output. For low-frequency 
signals, the capacitor has very high re-
actance and the coil very little reactance, 
so that there will be considerable at-
tenuation of the low-frequency signals. 

Fig. 18-22 

RC Filters — For applications in 
which a sharp cutoff is not necessary, 
resistance-capacitance or RC combina-
tions are sometimes used as low- or high-
pass filters. For example, Fig. 18-23a 
shows a simple LC low-pass filter, made 
up of a coil in series with the line and a 
capacitor across it. In part (b) of the 
figure, the coil is replaced by a resistor. 
If the value of resistance is the same as 
the inductive reactance of the coil at the 
cut-off frequency, the RC filter will pro-
vide the same amount of filtering at that 
frequency. As previously discussed, the 
slope of the curve — that is, the rate at 
which frequencies beyond cutoff are at-
tenuated — is affected by both the in-

o  

 o 

(0) 

°-1\1\AI-,  

o 

(b) 

Tc 
Fig. 18-23 

o 

o 

o 
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ductive and the capacitive reactance. In 
the RC circuit, however, the resistance 
is the same at all frequencies, and the 
shape of the response curve is governed 
only by the changing capacitive re-
actance. The RC filter, therefore, has a 
more gradual cutoff than an equivalent 

LC filter. However, since resistors are 
less expensive than coils, RC combina-
tions are frequently used where sharp 
cutoff is not necessary. 

o  

 o 

(a) 

(b) 

(c) 

Fig. 18-24 

o 

Band-Pass Filters — The band-pass 
filter must allow signals of a band of 
frequencies to pass through the line, at-
tenuating those of frequencies above and 
below this band. Recalling the character-
istics of series— and parallel-resonant 
circuits, we can see that either could be 
used as a simple band-pass filter. For 
example, Fig. 18-24a shows a series-
resonant circuit in series with the line. 
The circuit is resonant at the center 
frequency of the band to be passed. It 
thus passes signals of frequencies near 
the resonant frequency, but offers a high 

impedance to signals of other frequencies. 

In (6) of the figure, the same effect is 
achieved by the use of a parallel-resonant 
circuit across the line. In this case, the 
circuit offers a high impedance to signals 
in the band to which it is tuned, and they 
pass through the line. Signals of other 
frequencies, however, see a relatively 
low-impedance path through the parallel-
resonant circuit. 

To obtain better filtering action, 
these two circuits are often used to-
gether, as shown in (c)of the figure. 

Band-Elimination Filters — The band-
elimination ( also known as band-stop, 
band-rejection, or band-suppression) 
filter must prevent signals of a particular 
band of frequencies from passing through 
the line, but allow all others to pass. 
The simplest form of band-pass filter 
would be a parallel-resonant circuit in 
series with the line, a series-resonant 
circuit across it, or a combination of the 
two. The last arrangement is shown in 
Fig. 18-25. Signals in the undesired 
band of frequencies are attenuated by the 
high resonant impedance of the parallel 
circuit and returned to the source through 
the low impedance of the series circuit. 

Fig. 18-25 

Multisection Filters — The filters we 
have considered so far have consisted 
only of a series element and a shunt 
element. Such filters are often called L-
sections, because drawn schematically 
they resemble the letter L. The L-section 
may be considered to be the basic filter 
circuit. 

We have seen that a single L-section 
filter provides some degree of filtering 
action. However, in practice other filter 
circuits are also used to provide dif-
ferent filtering characteristics. For ex-
ample, the L- section low-pass filter 
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(a) 

0-01f, • 

o T T 
(b) 

(c) 

Fig. 18-26 

o 

o 

o 

shown in Fig. 18-26a may be arranged 
into a ii- section filter by adding a shunt 
capacitor at the input side. This is 
shown in Fig. 18-266. A ii- section high-
pass filter is shown in Fig. 18-26c. Note 
that this filter is composed of an L- sec-
tion high-pass filter with an added coil 
at the input side. In a similar fashion, a 
basic L- section filter may be converted 
into a T- section filter, by the addition of 
a series capacitor to the high-pass L-
section filter, as shown in Fig. 18-27. A 
series coil added to the low-pass L-
section filter results in a high-pass T-
section filter. This is shown in Fig. 

18-28. 

Fig. 18-27 

To obtain a sharper cutoff, two or 
more 7r- sections may be added. Tlius, the 

Fig. 18-28 

two 77-type low-pass filters of Fig. 18-29a 
may be joined to produce a composite 
two- r- section low-pass filter, shown in 
(b) of the figure. Capacitor C3, in (b) 
represents the sum of the paralleled 
capacitors Cl and C2 in (a). Similarly, 
the two identical ii- section high-pass 
filters of Fig. 18-30a can be connected 

pl CI C2 criFT 
oTT00T To 

0-.9-I. 63)-i) 

.T 

(a) 

C3 

T T. 
(b) 

Fig. 18-29 

(a) 

(b) 

Fig. 18-30 
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(a) 

o T T T. 
(b) 

Fig. 18-31 

as in (b) of the figure. If coils Li and L2 
are of equal value, coil L3 will be one-
half the value of either Li or L2. 

Multisection high-pass and low-pass 
filters of the T-type are shown in Fig. 
18-31a and b, respectively. 

Even sharper cutoff can be obtained 
by the use of m-derived filter circuits. A 
complete discussion of these filters is 
beyond the scope of this lesson; in 
general, however, it may be said that 
they are formed by the addition of op-

posite impedances in either the series 
or the shunt arms of the basic circuits. 
This is shown in Fig. 18-32, in which 

Ir  o 

input 

o 

(a) series- derived 
/0w-pass 

r ;; --•• , 

(b) shunt- derived 
bond-pass 

Fig. 18-32 

the added impedances are represented by 

dashed lines. If the extra impedance is 
added to the series arm, the section is 
called shunt-derived; if,to the shunt arm, 
series-derived. By proper choice of these 

impedances, filters with widely different 
response curves may be designed. In 
general, it may be said that the amount 
of attenuation offered by a multisection 
filter depends upon the number of sec-
tions, while the shape of the response 
curve depends upon the kinds of sections 
used. Sharpness of cutoff also depends, 
of course, upon the Q of the components. 
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SUMMARY OF BASIC FORMULAS 

D-C CIRCUITS 

Ohm's Law 

E = IR 

E 
R =— 

I 

E 

(where E is the applied voltage, / the current, and 
R the resistance) 

Resistance of a conductor in terms of its resistivity, length, and cross-sectional area 

R = pi 

Resistance and Temperature relation 

R = 11 1 ( 1 + aT) 

Power Formulas 

P = EI 

P =I2R 

E2 
P 

Resistances in Series 

Ro = Ri + R2 + R3 + • 

Resistances in Parallel 

1  

- 1 1 1 

+ R2 + TI3 + • • • • 

A-C CIRCUITS 

Frequency 

1 

Ohm's Law 

E = IR 

E 
I =— 

R 

E 

Inductive Reactance 

XL =2 nfL 

(where / is the length, A the area, andp the resis-
tivity of the conductor) 

(where Ri is the resistance at ordinary room tem-
perature, taken as 20° Centigrade, T the tempera-

ture change, and a the temperature coefficient of 

resistance) 

(where P is the power) 

(where Ro is the total resistance) 

(where R, is the total resistance) 

(where fis the frequency in cycles per second, 
and t is the time in seconds) 

(where E is the effective (rms) voltage 
and I is the effective (rms) current) 

(where f is the frequency in cycles per second, 

L the inductance in henrys, and X L the inductive 
reactance) 



SUMMARY OF BASIC FORMULAS (cont'd) 

Capacitive Reactance 

x -  
c 2 -TrfC 

Time Constant 

t =RC 

Inductances in Series 

L = Li + L2 + L3 + • • • • 

Inductances in Parallel 

L - 
1 + 1 + 1 4_ 

L 1 L2 7.3 • • • • 

1 

Condensers in Series 

1  
C - 

1 1 1 „. 

é"--1 C2 C3" 

Condensers in Parallel 

C = Cl + C2 + C3 +. 

Impedance 

Z = 4/R 2 + XL2 

Z =1/R2 + Xc 2 

Z =1/R2 -4- (XL - Xc)2 

Ohm's Law for Impedance 

E 
Z =— 

I 

E = IZ 

E 

Z 

Resonant Frequency 

1  

f r 2 -M=I 

Q of a Circuit 

X Q 

(where fis the frequency in cycles per second, C 
the capacitance in farads and X, the capacitive 
reactance) 

(where t is the time in microseconds, C 
the capacitance in microfarads and R the 
resistance in ohms) 

(where L is the total inductance) 

(where L is the total inductance) 

(where C is the total capacitance) 

(where C is the total capacitance) 

(where XL is the inductive reactance, X, the 
capacitance and Z the impedance) 

(For circuits containing both L and C) 

(where E is the applied voltage and Z the 
impedance) 

(where L is the inductance in henrys, C the 
capacitance in farads and t the resonant 

frequency in cycles per second) 

(where XL is the inductive reactance in ohms 
and R is in series with the coil) 
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VACUUM TUBES 
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19-2. Why a Vacuum Tube Conducts 

Current 
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letkioot 19 
WHAT VACUUM TUBES DO 

19-1. In the course of our study of d-c and a-c 
circuit principles, you've absorbed, we hope, a 
sizeable hunk of knowledge about three of the four 
major classes of circuit components — resistors, in-
ductors and condensers. The purpose of this lesson 
is to study the principles that govern the behavior 
of the fourth class of components — vacuum tubes. 

It is hard to say which is the most important of 
these classes. A television receiver needs all four 
of them. However, the principles governing resistors, 
coils and condensers were known for a good many 
years before the advent of radio. But without the 
discovery and development of the vacuum tube, radio 
would still be in the dit-dit-dah stage, and television 
would be just one of the wilder pipe dreams of the 
science fiction writers. The reason for this is that 
the vacuum tube is essentially a control device, 
which permits very small voltages to control the 
waveforms of much larger voltages. This is what a 
vacuum tube does when it acts as an amplifier. 

Functions of Vacuum Tubes. — In addition to its 
function of amplification, the vacuum tube has two 
other main functions -- rectification and frequency 
generation. Rectification is the process by which an 
alternating voltage is used to produce a pulsating 
direct voltage. Thus are the direct voltages required 
for operating the set obtained from an alternating 
source voltage. Frequency generation is the process 
by which the tube produces in its output, new fre-
quencies that are not present in the input. They can 
be either harmonics of the input frequencies, or, 
whentwo signals of different frequencies are applied, 
the sum or difference of these input frequencies. 
This function finds its principal usefulness in a TV 
receiver in the production of the intermediate fre-
quency (i-f) from the received signal and the local 
oscillator output. 

Vacuum tubes have, of course, other functions 
besides those we have named. They act as detectors, 
oscillators, clippers, dampers, and so on. But each 
of these uses is a special case of one of the three 
main types of operation— amplification, rectification 
and harmonic generation. If we understand the basic 
principles of these three, we should have no parti-
cular trouble in understanding the part played by a 
vacuum tube in any circuit we encounter in the tele-
vision receiver. 

Properties of Tubes as Circuit E lements. —Certain 
fundamental facts about vacuum tubes were pointed 
out in the final section of Lesson 16. First, they 
behave under certain circumstances like resistors. 
But they have their own peculiarities which prevent 
us from applying to them — at least without a lot of 
modification — the methods of analyzing resistive 
circuits that we've so far studied. The first of these 
peculiarities is that the vacuum tube is a one-way 
conductor. It is this fact that enables a tube to 
rectify an alternating voltage into a pulsating d- c. 
Secondly, the current through a vacuum tube is not 
proportional to the voltage. It is thus a non-linear 
element, which accounts for its ability to generate 
new frequencies in the output circuit that are not 
present in the input signal. And thirdly, we learned 
that the tube may be made as a variable resistance, 
whose resistance value depends on the voltage 
applied to one of its terminals. This is the property 
that accounts for the ability of the tube to amplify 
signal voltages. 

With all these peculiarities, it should have sug-
gested itself that the methods we used for studying 
the behavior of cl-c and a-c circuits in the last three 
lessons might not apply to vacuum tubes. If you've 
come to this conclusion, you're right. But it isn't 
quite as hopeless as we may have implied. We'll 
find that in many cases, we can use what we've 
learned about circuits so far, to come to some pretty 
close approximations of the actual results — close 
enough, at least, that the small error doesn't usually 
matter. 

To justify these approximations, however, we'll 
have to devote a little attention to what goes on 
inside a vacuum tube and makes it tick. This will 
require us to review the basic facts about electricity 
set forth in the first twelve pages of Lesson 16, and 
to study one new phenomenon. 

WHY A VACUUM TUBE CONDUCTS CURRENT 

19-2. In Lesson 16 we stated that any concerted 
migration of electrons constitutes a current. This is 
true whether the migration takes place in a wire or 
in empty space. We've learned something of the 
mechanism by which a continuous supply of electrons 
may be supplied to a current-carrying wire. A part 
of this section will be devoted to an explanation of 
how electrons can be pried loose from a metal so 
they are free to traverse a vacuum. But first, let's 
sketch briefly how a vacuum tube is constructed, 
and how it works. 

Structure of a Vacuum Tube. — A typical vacuum 
tube is shown in Fig. 19-1. 



Why a Vacuum Tube Conducts Current 

Fig. 19-2 

19-3 

Fig. 19-1 

It consists of a glass or metal shell, or envelope, 
from which practically all the air has been exhausted. 
In the vacuum thus enclosed are mounted a minimum 
of two electrodes, or elements. (We're sorry to have 
to give that word "element" new meanings all the 
time, but that's the way it is used.) 

Oneis a metal cylinder, called the anode, or plate. 
It is usually connected by a wire to a terminal pin 
in the base of the tube. Its job is to collect electrons 
that travel through the vacuum from the other elec-
trode, called the catiode..In its simplest form, this 
is a single thin wire or filament. It is suspended by 
suitable supports inside the cylindrical anode, and 
its ends are connected to separate terminal pins in 
the base of the tube. A breakaway view of the assem-
bly is like this: 

gloss 
envelops 

plots 

filament 

&Wart 

Moment 

(cathode) 

base 

terminal 
pins 

Schematically, the tube would be represented in 
circuit diagrams thus: 

(a) 

plate 

cathode 

(b) 

Fig. 19-3 

Note that two alternate ways of representing the 
cathode are used. We'll get to the reason for this 
later. 

Stripped of its trimmings, a vacuum tube is really 
a very simple device. Let's see how it works. 

Essentials of Operation. — When the ends of the 
filament wire are connected to a battery or other 
voltage source, the cathode is heated by the current 
flowing through it. Its surface is composed of a 
material that gives off, or emits, electrons when it 
is made hot enough. If the anode is now connected 
to a second battery, so it is positive with respect 
to the cathode, these electrons are attracted to it. 

There is e reason, incidentally, why practically 
all the air must be exhausted from the tube. If this 
is not done, electrons collide with air molecules, 
knocking one or more electrons off each one.Eachair 
molecule is then positively charged, or ionized. 
Thesepositiveions are attracted back to the cathode, 
which they strike with great force. This positive ion 
bombardment damages the cathode surface, greatly 
reducing its life. In addition, the electrons knocked 
off the air molecules then ionize other molecules, 
in a chain reaction. The result is that much larger 
amounts of current flow through the tube. In some 
applications, this is desirable, and various types of 
gas filled tubes are made for specific purposes. But 
gas filled tubes have the disadvantage that once 
the tube starts to conduct, the amount of current is 
not easily controllable. Gas tubes will not be con-
sidered in this lesson. 

Electrons, then, move from the cathode to the 
plate inside the vacuum tube, and from the plate 
back to the cathode through the external circuit, 
thus: 

Fig. 19-4 

Eb 
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Notice that there are two different currents in the 
circuit. The electrons that move through the vacuum 
between cathode and plate are called the plate 
current, and designated lb. We are not at present 
concerned with the current flowing in the cathode 
filament for the purpose of heating it. The plate 
current electrons flow in the external circuit through 
the battery F.,b. and through both leads to the filament, 
which are in parallel so far as the plate current is 
concerned. 

The plate circuit is a simple series circuit. The 
current is the same in all parts of the circuit — 
through the vacuum, or in the wires. Note that this 
closed path is necessary for a continuous flow of 
electrons through the vacuum. It is also worth noting 
at this point that, in general, the useful work accom-
plished by the plate current is done in the external 
circuit, not in the tube itself. 

If the polarity of the plate battery is reversed, 
makingtheplate negative with respect to the cathode, 
little or no current flows in either direction. Elec-
trons never move from plate to cathode inside the 
tube. The plate can collect electrons, but can't emit 
them except under special conditions, which will be 
discussed later in this Lesson. And even in this 
special case, the electrons emitted by the plate do 
not reach the cathode. 

In we substitute an a-c generator for the battery 
in Fig. 19-4 current will flow only when the plate 
is positive, thus: 

Fig. 19-5 

Note that we have omitted from the schematic the 
battery that heats the cathode. This is usually done 
for simplicity. It is assumed, however, that the 
cathode is heated, even though the source of the 
heating current is not shown in the schematic diagram. 

We can now see why the tube is a one-way con-
ductor. It acts as an electrical check valve. (In 
England, in fact, vacuum tubes are called "valves" 
instead of "tubes".) In doing so, it rectifies the 
alternating voltage, producing from it a pulsating 
direct current. This is one of the main control 
functions of vacuum tubes. They control not only 
the amount of current flowing in their plate circuits, 
but its direction as well. 

Thermionic Emission. — Now that we've had a 
brief preview of what a simple vacuum tube does, 

let's return to the process by which the cathode is 
made to give off electrons when hot, and examine 
the mechanism of this phenomenon more carefully. 

We know that metals contain billions of electrons 
that move about from one molecule to another inside 
the metal, because the attractive forces of the 
positive nuclei tend to balance each other. But 
when an electron reaches the surface, there is no 
external force to balance the attractive force of the 
nuclei at the surface. The electron hasn't enough 
energy to overcome this force, so it stays in the 
metal, thus: 

Fig. 19-6 
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However, if the metal is heated sufficiently, many 
electrons will acquire enough additional energy to 
enable them to escape from the surface of the metal — 
just as a rocket, if given enough energy in the right 
direction, could escape from the gravitational pull 
of the earth and sail off into space on its own. The 
process by which electrons are freed from the pull 
of the positive nuclei in a metal by heat is called 
thermionic emission, and the electrons are said to 
have been emitted. 

Electron emission is analogous to the boiling or 
evaporation of water, in which water molecules are 
released from the surface of the water in the form 
of steam or water vapor. The two processes are not 
identical, though, for in the case of electron emission, 
only the electrons, not whole molecules of metal, 
are emitted. 

Suppose we have a metal surface in a vacuum, 
and the surface has been heated sufficiently to emit 
electrons. What becomes of the electrons? And how 
long can the emission continue? 

The answer to the first question is that the elec-
trons hang in a "cloud" near the emitting surface, 
thus: 

Fig. 19-7 
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Why a Vacuum Tube Conducts Current 

This "cloud" is called a space charge. We'll 
have more to say about it when we come to discussing 
practical tubes. 

The Space Charge. —The "cloud" is densest next 
to the metal surface. There are two reasons for this. 
Remember that electrons are negative charges. Each 
electron repels each other electron. Those emitted 
first exert a force on the later emitted electrons, 
tending to push them back toward the metal. Also, 
as the metal loses more electrons, it becomes more 
positively charged. This sets up a field about the 
metal, which exerts a greater and greater force of 
attraction on the electrons near the surface as more 
and more electrons are emitted. This makes it more 
difficult for electrons to escape. 

This leads us to the answer to our second question. 
Eventually, the forces of attraction and repulsion 
are balanced, so that no more electrons can be emitted 
unless one or more of three things takes place: ( 1) the 
temperature of the emitting surface is increased, 
thus adding heat energy to the electrons at a faster 
rate; ( 2) electrons are removed from the space charge, 
thus reducing the force of repulsion it exerts on 
electrons at the surface; () electrons removed from 
the metal are replaced, neutralizing the positive 
charges on the metal, and reducing the forces of 
attraction between the metal and the electrons in 
the space charge. Take careful note of these three 
conditions, as they are all important in understanding 
why a vacuum tube works as it does. 

Emissive Materials. — Theoretically, electrons 
can be emitted by any metal, if it is made hot enough. 
However, most metals melt before electron emission 
takes place in useable quantities: Also, metals 
differ widely in the amount of heat energy required 
to cause them to emit. One metal that has a high 
melting point, and emits fairly freely, is tungsten, 
the same material that most lamp filaments are made 
of. It gives useful emission at a temperature of 
around 2500 degrees Centigrade. If the tungsten is 
coated thinly with another metal called thorium, the 
operating temperat ure is reduced to about 1600 degrees 
Centigrade. Even lower operating temperatures — 

around 700 to 1000 degrees Centigrade — may be 
used with oxide coated cathodes. In such cases, the 
emissive surface is not metal at all, but a mixture 
of oxides, mostly those of barium and strontium, 
which is applied as a coating on a metal base. 

There is a considerable advantage to using 
emissive materials that can be used at relatively 
low temperatures. In practice, the operating temper-
ature is maintained by an electric current, and the 
higher the temperature required, the more power is 
consumed. For this reason, oxide coated cathodes 
are used whenever possible. Most small tubes used 
in TV and radio receivers employ oxide coated 
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cathodes. There are certain disadvantages to oxide 
surfaces, which we need not go into here, which 
render them unsuitable in certain applications. 

The higher the temperature to which the cathode 
is heated, the more electrons are emitted. The relation 
is not a proportional one, however. A graph of elec-
tron emission against temperatúre is like this: 

Fig. 19-8 

eisciron 
omission 

temperature 

You will note that no measurable emission is ob-
tained at low temperatures. As temperature is in-
creased, emission increases gradually at first, and 
then very rapidly. 

Indirectly Heated Cathodes. — Instead of passing 
the heating current through the cathode filament, 
the cathode is often made in the form of a hollow 
metal tube. A twisted filament is inserted in the 
tube, and its wires insulated from each other and 
from the tube. A current passed through the filament — 
which is now known as a heater — heats the tube to 
emission temperature. The tube is usually coated 
with emissive oxides, so it can be operated at a 
lower temperature. This type of cathode is called an 
indirectly heated cathode, and is much more common 
in small vacuum tubes than the simpler directly 
heated cathode described earlier. A breakaway view 
of the cathode assembly, and the schematic repre-
sentation of the tube, are like this: 

Fig. 19-9 

Two-element tubes having indirectly heated 
cathodes are equipped with four base pins as ter-
minals — two for the heater, one for the cathode and 
one for the plate. 

Since the plate current and heater current are 
entirely independent, neither flowing in an y element 
carrying the other, it is customary on schematic 
circuit diagrams to omit the heater altogether, 
showing only the plate and cathode as in Fig. 19-3 (a). 
This independence of the plate current from the 
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heater current is the principal advantage of the in-
directly heated cathode. The heater can be supplied 
from an a-c source, and the alternating heatervoltage 
will have little or no effect on the plate current. 

THE DIODE ASA RECTIFIER 

19-3. The two-element tube we have been studying 
is called a diode. It is the simplest form of vacuum 
tube. Later we'll study the effect of additional elec-
trodes, and applications of more complicated tubes. 
But before we do that, we'll have to go a bit further 
in our:study of the diode, whose principles of oper-
ation are basic for all vacuum tubes. 

Let's review the facts we already know. When 
the cathode is heated, it emits electrons, which 
cluster in the vacuum surrounding the cathode, in a 
sort of electron cloud, called the space charge. The 
higher the cathode temperature, the more electrons 
are emitted, and the denser is the space charge. 
When the plate is connected to a positive voltage 
source, the space charge electrons, being negative 
charges, are attracted to the positively charged plate. 
If the negative terminal of the voltage source is 
connected to the cathode, a closed circuit is formed, 
and a continuous plate current flows. We also saw in 
Fig. 19-5, that the amount of plate current is related 
to the voltage across the tube. Now we'll examine 
these phenomena a little further. 

Consider the question of where the plate current 
electrons come from. Of course, they come from the 
cathode. But do they move immediately from the 
cathode to the plate? That is, does the cathode 
supply immediately just the number of electrons 
required for the plate current? Does it always supply 
an adequate number? Or does it supply a .surplus? 

Function of the Space Charge. — Under normal 
operating conditions, the space charge acts as a 
reservoir of free electrons, to be drawn upon by the 
plate as required. The space charge electrons are 
replaced from the cathode at a more or less constant 
rate, governed by the cathode temperature. When a 
small voltage is applied to the plate, a small number 
of electrons is attracted to the plate from the space 
charge. As the plate voltage increases, the number 
of space charge electrons moving to the plate also 
increases. But there is a limit. If the plate voltage 
gets high enough to drawto the plate allthe electrons 
in the space charge, a further increase of plate 
voltage cannot extract an appreciable number of 
additional electrons from the cathode. The rate of 
emission, as we have noted, is governed largely by 
the cathode temperature, not by the plate voltage. 
The plate voltage does, however, control the number 
of electrons drawn from the space charge to the plate. 

The manner in which these two factors affect the 
plate current is shown in the following graph: 

Fig. 19-10 

At a given cathode temperature, Ti, the plate 
current will increase rapidly with increasing plate 
voltage, as shown by the curve from O to a. At 
point a, however, nearly all the emitted electrons 
are moving to the plate immediately. Further increase 
of the plate voltage produces very little more plate 
current, which increases along the curve from a to b. 
If, however, when the plate current is represented 
by point a on the curve, the temperature is increased 
to T2, a further increase of plate voltage produces 
a substantial increase in plate current, as shown by 
the curve from a to c. Again the curve flattens out 
from c to d asthe plate voltage is increased, because 
the plate is taking virtually all of the space charge. 

Temperature Saturation, — When the plate voltage 
is high enough to draw electrons to the plate as fast 
as they are emitted, the plate current is said to be 
temperature limited, and the condition is called 
temperature saturation. When the cathode temperature 
is high enough to enable the cathode to emit elec-
trons faster than the plate can drain them away, the 
plate current is space charge limited. This is the 
usual operating condition. When this is true, the 
plate current will vary in accordance with the plate 
voltage. 

Diode Characteristic. — Provided temperature 
saturation is not reached, the variation of plate 
current, lb, with plate voltage, Eb, follows a curve 
like the solid line in the following graph: 

Fig. 19-11 

You will recall from Lesson 16 that such a curve 
is called a characteristic curve, or just characteristic. 
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There are a few points about the characteristic of a 
diode that can stand a little more explanation. 

You will note that when the plate voltage is zero, 
the plate current is not quite zero. In fact, there is 
a little plate current flowing even when the plate is 
slightly negative. The reason for this is that the 
electrons have a small emission velocity as they 
leave the cathode. A few of them will reach the plate 
by reason of this initial velocity, even though the 
plate is not positively charged. It takes a slight 
negative voltage on the plate to repel all of the 
emitted electrons, and so reduce the plate current 
to zero. This value of voltage is called the cutoff 
voltage of the tube. 

Notice also that the characteristic is not quite 
linear. That is, the plate current is not quite propor-
tional to the plate voltage. This means that the 
effective resistance of the tube is not constant, as 
was explained in Lesson 16. 

D-c Plate Resistance. — When we speak of the 
"resistance" of a diode, we may have to rearrange 
our ideas of what a resistance is. It is obvious that 
a vacuum does not have resistance to the passage 
of electrons through it in the same sense that a solid 
piece of copper or carbon does. But if we remember 
Ohm's Law defines resistance as the ratio of voltage 
to current — R=E/I — it is equally obvious that this 
ratio has some definite value for any value of the 
plate voltage of a diode for which plate current flows. 
This value is called the d-c plate resistance of the 
tube. It may be found from the tube characteristicfor 
any value of voltage, by the process explained in 
Sec. 16-9 of Lesson 16, thus: 

E 
d-c plate resistance =Rb 

I b 

Although the characteristic curve is not quite 
linear, it is nearly so. Therefore we can consider 
that Rb is nearly a constant resistance, and treat 
the diode as though it were a resistor differing in 
no way from a physical resistance wire except that 
it will pass current in only one direction. Then its 
characteristic would be as shown by the dotted line 
instead of the solid one in Fig. 19-11. We'll offer 
further justification for this approximation later. 

Typical values of the d-c plate resistance of a 
diode are between 2000 and 10,000 ohms. This means 
that the maximum plate current may be of the order 
of 50 to 100 ma., and the maximum plate voltage 
several hundred volts. There is, of course, wide 
variation in these values among specific practical 
tubes. 

Ordinarily, we are more concerned in diode oper-
ation with how the plate current varies for particular 
variations in plate voltage, than we are in actual 

values of d-c plate resistance. Therefore we'll take 
a little time out to explain a method by which we can 
examine graphically just how a tube will behave 
when a particular signal is applied to it. 

Voltage and Current Waveforms.— Suppose we have 
a diode connected to a source of sinusoidal voltage, 
as shown in Fig. 19-5. Assuming that we know the 
shape of the tube characteristic curve, we can sketch 
the waveform of the plate current thus: 

• ni 

Fig. 19-12 

What we've done here is to superimpose two 
graphs — one showing ib against eb, and another 
showing eb against time. (The symbols Eb and lb 
stand for steady plate voltage and plate current. 
The small letter symbols, representing instantaneous 
values, are used when the source voltage is a varying 
one.) We have done this by extending the vertical 
axis of the tube characteristic curve downward, and 
using this extension as the zero axis for a time 
graph of the aFplied voltage. Then we have projected 
several points on the time graph, equidistant in time, 
up to the current curve. Thus point a on the charac-
teristic shows the value of ib corresponding to point 
a on the voltage graph; point b indicates the peak 
value of the plate current, which of course occurs 
when the plate voltage is maximum; and so on. 
Finally, we have projected the points on the char-
acteristic curve horizontally, using the horizontal 
axis as a second time axis for a current graph. By 
laying off equal time intervals, corresponding to the 
time intervals shown on the voltage graph, we can 
locate points representing the plate current at any 
instant. Thus we have constructed the wamform of 
the plate current resulting from a sinusoidal voltage 
of peak value Em, applied to this particular diode. 

Biased Diode Operation.— We will use a variation 
of this method later to determine the output waveform 
of a triode amplifier. But for now, let's examine one 
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more application of this method. We'll apply to our 
diode a video signal, in series with a d-c voltage, 
thus: 

2 

Fig. 19-13 

Now we will construct on paper the current wave-
form resulting from this circuit, like this: 

Fig. 19-14 

We've assumed that the video signal has had its 
d-c component removed, so its average value is zero. 
Then we drew its graph on a vertical time axis --
but instead of using zero plate voltage as the time 
axis, we used the d-c battery voltage, E. Referring 
back to Fig. 19-13, you will see that terminal 1 is 
always E volts below ground. So at any instant that 
the video signal is zero, terminal 2 (and the diode 
plate) are at minus E volts with respect to ground. 
The plate voltage will swing above and below this 
value. But only when the instantaneous value of the 
signal is positive by an amount greater than E will 
the diode plate become positive with respect to the 
cathode. It is only in these intervals that the diode 
will conduct current. 

These facts are indicated graphically in Fig. 19-14. 
Again we have projected horizontally from the tube 

characteristic to obtain the time graph of the plate 
current, which we find now to be a series of narrow 
square pulses — the sync pulses. 

The battery voltage E would be called a bias 
voltage. It is a negative bias voltage because it 
places the plate at a negative voltage with respect 
to the cathode when the applied signal is zero. Here, 
the biased diode is acting as a simple form of clipper. 
It has clipped the sync pulses off the top of the 
video signal, and delivered them alone in its output. 

Need for Voltage Output. — So far, we have con-
sidered only the variations of the plate current of a 
diode. Usually, however, what we want is a voltage 

output. We can't get it from any of the circuits so far 
considered. Thus, in Fig. 19-5, the only voltage in 
the circuit is the voltage across the tube. This is a 
sinusoidal a-c voltage, identical with the applied 
voltage. What we want is a rectified voltage, having 
a waveform like that of the current. 

Here's where we can kill two birds with one 
stone — obtain a rectified voltage output, and sub-
stantially overcome the non-linearity of the tube 
characteristic. Suppose we connect a resistor in 
in series with the tube and a-c source, like this: 

Fig. 19-15 

Suppose further, that this load resistor (designated 
R ) has a value of 18,000 ohms, and that the d-c 
plate resistance of the diode (Rb) is approximately 
2000 ohms (remember that it varies somewhat, due 
to the nonlinearity of the characteristic curve.) The 
applied voltage of 100 rms volts is now applied to a 
series circuit of approximately 20,000 ohms total re-
sistance. (At least, this is true during the positive 
half-cycles of the voltage.) 

During the negative half-cycle of the voltage, 
point P is below ground, so no current can flow. 
Hence there is no voltage drop across RL, point A 
is at ground potential, and the entire applied voltage 
is across the tube, which acts as an open circuit. 
As soon as P becomes positive, plate current flows. 
At the peak of the applied voltage, e is 141 volts 
(100 V-2).The currerit is i =e/R = 141/20,000=0.00707 
amp. = 7.07 ma. At this instant, the voltage drop 
across R is 0.00707 X 18,000 = 127.5 volts. This 
is the potential of point A. The peak voltage across 
the tube is 141 - 127.5 = 13.5 volts. The variations 
of the potentials of points P and A over a full cycle 
are like this: 

Fig. 19-16 
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The voltage across RL — that is, the potential 
of point A with respect to ground — has given us the 
rectified voltage output we wanted. But now consider 
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the effect of the non-linearity of the tube. The d-c 
plate resistance of the tube, Rb, is now only 1/10 of 
the total resistance in the 'circuit. Hence, a variation 
of 10% of Rb, due to the non-linearity of the charac-
teristic, would constitute a variation of only 1% in 
the total circuit resistance. Hence, the non-linearity 
of the tube characteristic curve has negligible effect 
on the output current and voltage. Since diode recti-
fiers are customarily used with load resistors having 
an appreciably higher resistance than the d-c plate 
resistance of the tube, we are justified in assuming 
a linear characteristic for the tube. Even though 
this isn't so, the final results are about the same as 
though it were so. 

Rectifier Circuits. — The rectifier circuit shown 
in Fig. 19-15 is called a half-wave rectifier, because 
only half of the applied voltage wave produces an 
output voltage. It is possible, as we will learn when 
we study TV power supplies, to convert this pul-
sating d-c Into a substantially steady d-c, by the 
use of filters. A smooth, steady d-c output is easier 
to obtain, however, from a full-wave rectifier. This 
consists of two diodes, connected to a transformer 
and load resistance as shown in Fig.19-17, blow.. 

The center point of the transformer secondary 
winding is grounded. Thus, when a sinusoidal current 
flows in the primary, the voltage induced in the 
secondary causes the ends of the secondary to be of 
opposite polarity at any one instant. When the plate 
of V, is positive (as it is when the polarity of the 
secondary voltage is as shown in the tigure), V, 
conducts, while V, is cut off. On the next half-cycle, 
the secondary voltage polarity is opposite to that 
shown, and V, is cut off while V, conducts. Thus 
the two diodes conduct alternately. But the plate 
currents of both tubes flow in the load resistor, and 
in the same direction. The resulting waveform of the 
current id RL — and hence of the output voltage — is 
shown in the tigure. 

Fig. 19-17 
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Summary. — We can summarize the essentials of 
our discussion of diode operation as follows: 
1. Electrons flow only from cathode to plate inside the 

diode, and only when the plate is positive (or very 
slightly negative). 

2. Plate current is nearly proportional to plate voltage, 
so long as the space charge is not drained of all its 
electrons. 

3. Temperature saturation occurs when all electrons go 
to the plate as soon as they are emitted. Under this 
condition, further increase of plate voltage results in 
very little more plate current. 

4. A load resistor is necessary to develop the required 
output voltage. It is usually several times larger than 
the d-c plate resistance of the diode. 

5. When an alternating voltage is applied to a diode, dnly 
the positive portions of the input waveform appear in 
the output. 

6. A signal may be " clipped" at any level by the insertion 
of a d-c bias voltage of proper magnitude in series 
with the signal source and the diode. 

7. Two diodes may be connected so that one conducts 
while the other is cut off. Such a circuit is a full-wave 
rectifier. 

OTHER D IODE A PPL ICA T IONS 

19-4. Practically all applications of the diode 
depend basically on its ability to rectify an applied 
voltage — that is, to deliver an output current or volt-
age that is a pulsating d-c, when the applied voltage 
is alternating. But there is a considerable variety in 
the ways in which this pulsating d-c is used. We 
have already seen one such variation — the biased 
diode clipper. It will give us an appreciation of the 
versatility of this simple tube if we examine a few 
other applications. 

The Diode Detector. — We will learn in Lesson 21 
that a radio or television signal, as sent out by the 
transmitter, is an amplitude-modulated wave. This 
may be regarded as a high frequency sine wave whose 
amplitude varies from one cycle to the next in accord-
ance with some modulating signal. In radio broad-
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casting, the modulating signal is the sound signal. 
In television, it is the composite video signal, con-

sisting of the picture information, plus the blanking 
and sync pulses. In order to operate the receiver, it 
is necessary that a duplicate of the modulating signal 
be developed from the modulated high frequency 
wave received. The process of doing this is called 
detection or demodulation. 

The simplest form of detector is our old friend 

the diode rectifier. In actual practice, of course, 
there are "trimmings" in the form of auxiliary circuits 
for certain purposes. But the principles of diode de-
tection itself is easily understood in terms of what 

we know about rectification. 

Let us project on a diode characteristic, which 
we shall assume linear, an r-f wave modulated by an 
a-f (audio frequency) sine wave. The plate current 
will have the form of a series of half sine waves, 

varying in amplitude, thus: 

t - 31e. 

Fig. 19-18 

As we have drawn the signal graph, there are only 
about 15 cycles of the r-f wave to one cycle of the 
modulating sine wave. In practice, the ratio would 
be much higher — perhaps several thousand to one. 

Consider the current wave form. Each half-cycle 
pulse has a d-c, or average, value, that is equal to 
2/n times its peak value. Over any full r-f cycle, 
the average value of the current is half of this or 
1/ntimesthecurrent peak, since for the second half-
cycle the current is zero. Numerically, this figures 
to 0.318 times the peak. But since the peak current 
changes from one r-f cycle to the next, so does the 
average — if we consider the average for one or two 
r-f cycles at a time. Let us indicate on the current 
graph the average of each r-f cycle, and then connect 
these average values with a smooth curve, as in 
Fig. 19-19. 

This "varying average" is a component of the 
plate current wave, and it has the same frequency 

and waveform as the sine wave modulating signal. 
It is, in other words, the signal we want to extract 
from the modulated wave. (Appearances to the con-
trary notwit hstanding, it can be proved mathematically 
or experimentally that the modulating frequency is 
not a component of the modulated wave before 
detection.) 

Fig. 19-19 

Now suppose we apply the modulated wave to a 
diode rectifier, in which we have shunted a by-pass 
condenser across the load resistor, like this: 

Fig. 10-20 

The capacitance of the condenser is so chosen 
that it has a very low reactance to the radio frequency 
but a high impedence, relative to RL, to the modu-
lating frequency. Thus the low frequency component 
of the plate current flows largely in the resistor, 
and the higher r-f components in the condenser. The 
resulting waveform of the voltage across RL is 

like this: 

a-f amphtude 

d-e value 

Fig. 19-21 

This output voltage corresponds, except for its 
d-c component and slight r-f ripple, to the modulating 
sine wave. In practice, the ripple would be further 
reduced in a RC filter network, and the final output 
applied to an amplifier. The amplifier has a frequency 
response of its own, and its output would contain no 
detectable trace of the r-f. 

The Diode as a Limiter.— In detecting (demodu-
lating) a frequency-modulated signal, such as the 
FM sound signal used in television, the detector 
output shculd depend on the variations in the fre-
quency of the r-f signal, and should not respond to 
any random variations in its amplitude. Since many 
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FM detectors do respond to amplitude variations, 
it is necessary to limit the amplitude of the detectoF 
input signal to some constant value. 

Although the diode is usually operated so that 
the current is limited only by the plate voltage, it is 
possible to take advantage of the fact that peak 
emission, governed by the cathode temperature, 
places an upper limit on the plate current. So used, 
the diode becomes a /imiter. Its operation may be 
best understood by considering a projection of a 
sine wave signal of varying amplitude on the tube 
characteristic, thus: 

Fig. 19-22 

The tube is so operated, either by using a large 
signal amplitude, or by reducing the cathode temper-
ature by reducing the heating current, that the plate 
current rises to the point of temperature saturation. 
The normal amplitude of the signal will produce a 
current close to this value. But when the signal 
amplitude increases, the increase in the current 
amplitude is negligibly small, as shown in the 
figure. 

The rectification of the signal can be avoided, 
and both positive and negative half-cycles reproduced 
in the output, by applying the signal in series with 
a positive bias voltage such that for zero signal, 
the plate current will be about half the temperature 
saturation value. The circuit would be like Fig. 19-13, 
but with the polarity of the battery reversed, The 
limiting action of the tube would be like Fig. 19-23. 

The Diode Clomper Circuit. — The last diode 
application we shall consider is called a clamper 
circuit, because it may be said to "clamp" a varying 
signal at its peak value, delivering a direct voltage 
substantially equal to the positive maximum value 
of an applied a-c. An important use of the principle 

Fig. 19-25 

Fig. 19-23 

of the damper circuit is in the d-c restorer of a TV 
receiver. A simpler application to understand at this 
point, however, is its use in the diode probe of a 
vacuum tube voltmeter. 

The purpose of the diode probe is to enable us 
to use a d-c voltmeter to measure alternating voltages, 
especially r-f voltages. A cross-section view of the 
probe looks like this: 
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The components of the probe, together with the 
input resistance of the voltmeter, form this circuit: 

Retail/I 

On the positive half-cycle of the applied r-f, the 
potential of terminal/ rises with respect to terminal 2. 
Since the voltage across the condenser cannot change 
instantaneously, the diode plate also goes positive. 
The diode therefore conducts, charging the condenser 
to the peak positive voltage in the polarity shown. 
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When terminal / goes negative, the diode plate also 
goes negative. Hence, the diode cannot conduct. 

The condenser starts to discharge through R and 
R. But note that the time constant of this discharge 
circuit is RC = 500p.I.Lf >< 15 megohms = 7500 micro-
seconds. This is much longer than the period of an 
r-f wave. A voltage wave of 25 kc, for instance, has 
a period of 1/25,000 = 40 microseconds. Hence the 
condenser loses only a tiny fraction of its charge — 
and voltage — by the time the next positive half-cycle 

recharges it fully. 

The charging time constant is much shorter. It is 
R bC, where Rb is the d-c plate resistance of the 
diode. If we assume this to be around 2000 ohms, 
then the charging time constant is only 1 micro-
second — fast enough for the condenser to become 
fully charged in afew cycles, if not in one cycle. 

The diode conducts for only a very small fraction 
of each r-f cycle — just long enough to replace the 
small amount of charge that has leaked off the con-
denser. The rest of the time, the condenser acts 
like a d-c battery, with a voltage nearly equal to 
the positive peak value of the applied r-f voltage. 
This direct voltage, less the drop in the 5 megohm 
probe resistor, is the voltage across terminals 3-4, 
where it is applied to the vacuum tube voltmeter. 
(R, in the figure is the input resistance of the meter 
itself. In the case of vacuum tube voltmeters, this 
is a very high value.) 

110W A TRIODE WORKS 

19-5. Versatile as it is, there is one important 
job that a diode will not do — amplification. No 
matter what kind of a varying voltage we apply to a 
diode, the output signal is always less than the 
input. In order to amplify a voltage or current, we 
must use a tube with at least three elements. 

Structure of A Triode. — A triode is a tube con-
taining three electrodes — cathode, plate and grid. 
(Note that the heater of an indirectly heated cathode 
is not counted as an electrode.) In construction, the 
triode is much like a diode, with the addition of the 
third element — the grid. In its usual form, the grid 

is a spiral (more properly called a helix) of wire, 
suspended in the space between the cathode and 
plate, as in Fig. 19-26. 

In schematic diagrams, a triode is represented 
by a symbol like that of the diode, with a broken 
line inserted to represent the grid, as in Fig. 19-27. 

Function of Grid. — The purpose of the grid is to 
control the plate current in accordance with a signal 
voltage applied to the grid. For this reason, it is 
also called the control grid. In order to function, it 
is necessary that the grid be placed at some definite 

Fig. 19-26 
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Fig. 19-27 

potential — positive or negative, fixed or varying — 
with respect to the cathode. If the grid potential 
varies, the plate current will also vary, since the 
plate current now depends on the simultaneous 

effect of two voltages — the plate voltage and the 
grid voltage. 

Our present problem is to find out just how and 
why the grid controls the plate current. In explaining 
the operation of a diode, we stated that the elec-
trons in the space charge were attracted to the 
positively charged plate. But suppose, in a triode, 
both the grid and plate are positive. The electrons 
will be attracted by both electrodes. What determines 
which influence governs? Also, in order to control 
the plate current, it is necessary that the grid permit 
some electrons to get through to the plate, and push 
others back into the space charge. In order to under-
stand these matters, we'll have to go a little deeper 
into the forces acting on the space charge electrons. 
This means a study of the electric field in the inter. 
electrode spacé. 

Interelectrode Fields. — Suppose we were to pass 
an imaginary plane down through the center of the 
triode in Fig. 19-26. The intersection of the plane 
with the tube elements would be a cross-section of 
the tube, like this: 

Fig. 19-28 
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We are going to study the electric field in the 
small portion of this section indicated by the dotted 
line. Whatever goes on in that little area will be 
representative of what goes on in the entire inter 
electrode space. 

Back in Lesson 16, we developed the idea of an 
electric field as a region of space in which a force 
would be experienced by electrons and other charged 
bodies. 

We found we could map such a field by drawing 
field lines which would everywhere point in the 
direction of the force exerted by the field on a positive 
charge. Each such line is imagined as beginning on 
a positive charge, and ending on a negative charge. 
The direction of each line is indicated by an arrow-
head, pointing from the positive end to the negative 
end. Bearing these conventions in mind, let's start 
mapping the electric field in the region bounded by 
the dotted rectangle in Fig. 19-28. We'll make one 
change in the conventions, however. Since we are 
dealing with electrons, we'll reverse the field line 
arrows, so they indicate the direction of the force on 
an electron, toward the positive end. 

We'll start with the condition that the grid potential 
is zero — that is, the same as the cathode potential. 
This is easily achieved by connecting the grid and 
cathode terminals of the tube together. We assume, 
of course, that there is a positive voltage on the 
plate of the tube — say 200 volts. We shall consider 
this voltage to remain constant as we examine the 
effect of changing the grid voltage. Our field map 
with zero grid voltage will be like this: 

Fig. 19-29 

cathode grid 
surface) enfeS 

.«81 
 111. 

c plate 

be, 

 Nee— 

Ov Ov +200v 

Let's consider what this diagram indicates. Any 
electron emitted from the cathode encounters a 
region in which it experiences a force propelling it 
toward the plate. This is indicated by the field lines 
extending from the cathode to the plate. This field 
tends to pull the electrons between the grid wires 
to the plate, so they do not, in general, strike the 
grid wires. 

The field map also shows some arrows from the 
grid wires to the plate, but none from the cathode to 
the grid wires. A little thought will explain why this 
is a correct representation of the field. Remember 
that the force on an electron — represented by a field 

line — is always toward a point of higher (more 
positive) potential. It follows from this that the 
potential along any field line varies continuously 
from its negative to its positive end. If we drew a 
field line from the cathode to a grid wire, it would 
mean that there was a force between the two ends of 
the line, and that the cathode and grid were at 
different potentials. But this is not so — they are 
electrically connected outside the tube, so they are 
at the same potential. That is why no field lines 
are drawn between the cathode and the grid. 

It also follows from this that, although the grid 
wires themselves are at zero potential, the spaces 
between the grid wires are not. In these spaces, the 
field lines extend from a surface at zero potential to 
one at + 200 volts. Hence, each point along these 
lines must be at a potential greater than zero. 

The field represented by the lines from the grid 
wires to the plate has no part in starting electrons 
toward the plate. But if an electron that has already 
passed between the grid wires strays into the region 
of the grid-plate field, this field will act to propel 
it on its way to the plate. So far as determining the 
rate at which electrons are started from the cathode 
toward the plate, the important thing is the extent, 
strength and direction of the field at the cathode 
surface. 

So far, the triode behaves just like a diode. With 
zero voltage on the grid, the amount of plate current 
is regulated solely by the plate voltage, as long as 
the space charge can continue to act as a reservoir 
of free electrons. 

Effect of Space Charge. — It might be well to 
digress for a moment and consider the effect of the 
space charge on the interelectrode field. Since the 
space charge is merely a concentration of negative 
charges, it sets up its own field, whose force acts 
to push electrons away from the space charge in both 
directions — that is, toward the cathode as well as 
toward the plate. The field map,. again with zero grid 
voltage, is actually more like this: 

Fig. 19-30 
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From the direction of the arrows on the field lines, 
we can see that the electrons nearest the cathode 
tend to fall tack toward the cathode, while those 
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nearest the plate experience a force toward the 
plate. All the field lines, it will be noted, end on 
space charge electrons, and none actually extend 
from the cathode to the plate as we showed them 
in Fig. 19-29. The outer "surface" of the space 
charge thus becomes the virtual cathode from 
which the plate current electrons are drawn. As 
electrons are removed from this region, the space 
charge becomes less dense, and its tendency to 
push emitted electrons back to the cathode is 
lessened. Newly emitted electrons are thus able 
to replace those drained off, maintaining a con-
tinuous supply of electrons at the virtual cathode. 

The operation of the grid, it should be clear, 
will be substantially the same, whether the plate 
current electrons are drawn directly from the 
cathode surface, or fromthe virtual cathode formed 
by the- space charge. So for simplicity, we can 
correctly consider that Fig. 19-29 represents the 
effective field in the tube, if we bear in mind that 
under normal operating conditions, the cathode 
shown thereinreally represents the virtual cathode 
formed by the space charge. 

Negative Grid Potential. — Suppose now that 
the grid is made somewhat negative — say 15 
volts — with respect to the cathode. This is most 
easily accomplished by means of another battery 
thus: 

Fig. 19-31 

The field map for this condition would be 
something like this: 

Fig. 19-32 

 -in  

Ov +200v. 

We find now that some of the arrows terminating 
on the cathode point toward it, and some away 

from it. An electron emitted from a spot on the 
cathode between points A and B, for instance, 

would be propelled between the grid wires, toward 
the plate. But an electron emitted between points 
B and C would encounter a retarding field, and 

would be held by this field in the space charge. 
Under this condition, it is obvious that the plate 
current — that is, the number of electrons reaching 
the plate from the cathode — would be smaller 
than before. 

If the grid potential were now made even more 
negative, the plate current might be cut off al-
together. Thus, with a grid voltage of minus 30 
volts, the field map might look something like 
this: 

Fig. 19-33 
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Now, all the emitted electrons would encounter 
a retarding field, no matter from what point on the 
the cathode they were emitted. None, therefore, 
could possibly reach the plate unless it had 
sufficient emission velocity to overcome the 
force of the retarding field. The grid voltage can 
be made sufficiently negative that no electron 
has this much energy. The value of negative grid 
potential required to cut off the plate current 
altogether is called the cut-off grid voltage. 

What has happened is this. At any point in 
the interelectrode space, the net force on an 
electron is the vector sum of the forces exerted 
by the fields set up by the plate and the grid 
respectively. In Fig. 1-32, the field due to the 
negatively charged grid was sufficient to cancel 
out the field of the positive plate only in a small 
region directly between the grid wires and the 

cathode. The influence of the grid field was 
negligible in the space between the grid wires. 
As the grid voltage is made more and more 
negative, the grid field becomes stronger, and the 

region in which it dominates is extended over 
more and more of the cathode surface, narrowing 
the "escape gap" of the electrons. The fact that 
no field lines, in Fig. 19-33, extend fromthe plate 
to the cathode, indicates that the grid field has 
becomes so strong in the cathode-grid space that 
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it completely cancels out the force of the plate 
in this region. 

Note that in our example, a negative voltage 
of only30 volts on the grid has entirely cancelled 
the effect of 200 volts on the plate. This is an 
important fact, for it is the reason why a triode 
is able to amplify a varying voltage. 

The reason that a small grid voltage can 
exercise a greater influence on the plate current 
than a large plate voltage is that the grid wires 
are much closer to the cathode than is the plate. 
Hence the grid-cathode field is much stronger, for 
a given potential difference, than is the plate 
cathode field. 

Positive Grid Potential. — If we reverse the 
leads to the grid battery E, in Fig. 19-31, we 
will place the grid potential above that of the 
cathode. Suppose this positive grid potential is 
about 15 volts, while the plate voltage remains 
at 200 volts as before. Our interelectrode field 
map will now be like this: 

A 

Fig. 19-34 
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There is no point on the cathode at which an 
emitted electron would encounter a retarding 
field. In fact, the larger number of arrows now 
pointing away from the cathode indicates a stronger 
propelling field than when the grid voltage was 
zero. Therefore more electrons will be propelled 
toward the plate than before, and the plate current 
will be larger. Not all of the emitted electrons, 
however, will reach the plate. Note that some of 

the field lines extend from the cathode to the grid. 
Some of the electrons will be propelled toward the 
grid instead of the plate. The electrons that actu-
ally reach the grid constitute a grid current. Grid 
current will always flow when the grid is positive 
with respect to the cathode. 

Not all of the electrons that start for the grid, 
however, will get there. An electron emitted at 
point A, for instance, will experience a force 
toward the grid. But it may have acquired suf-
ficient velocity in a direction toward the plate 
that it will sail right past the grid wire, and get 

to the plate. Since the spaces between the grid 
are much larger than the wires themselves, this 
is what happens to the majority of the electrons 
leaving the cathode. Thus, a positive voltage on 
the grid is able to increase the plate current, 
even though it also causes the grid to steal some 
of the space charge electrons. 

Summary. — We can summarize what we have 
learned about the action of the grid as follows: 

1. With no voltage applied to the grid, the tube behaves 
just like a diode, the plate current varying with 
the plate voltage. 

2. For any fixed value of plate voltage, a negative 
voltage on the grid reduces the plate current. 

3. If the grid is made sufficiently negative, the plate 
current is cut off entirely. 

4. This cut-off grid voltage is much less than the 
plate voltage. 

5. If the grid is made positive, the plate current is 
increased. In addition, current flows in the grid 
circuit. 

TRIODE CHARACTERISTICS 

19-6. We have seen that a small voltage on 
the grid of a triode has a greater influence on the 
plate current than a much larger voltage on the 
plate. Our study of the field distribution in the 
tube should have given us a good idea of why 
this is so. But it doesn't give us any useable or 
quantitative information about the behavior of a 
particular tube. For that, we would have to examine 
the characteristic curves of the particular tube we 
are interested in. This section will be concerned 
with the characteristics of a typical triode. 

Plate Characteristic Curves. — For any one 
value of grid voltage, the plate current may be 
plotted against plate voltage, and a curve similar 
to Fig. 16-60 or 16-61 (in Lesson 16) obtained. 
In practice, of course, both the grid voltage and 
the plate voltage vary. There is therefore an in-
finite number of plate characteristic curves. — one 
for each possible value of grid voltage. It is 
customary to plot curves for each of a number of 
equally spaced grid voltage values, and draw 
them all on the same set of axes. The result is 
a family of plate characteristic curves, somewhat 
like Fig. 19-35; on the next page. 

Curves similar to this are published for prac-
tically all commercial tubes. There is no simple 
way to calculate them. They are plotted from ex-
perimental data. They serve as the basis for all 
study of the tube's operation. 
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Fig. 19-35 
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Let's make sure we understand just what these 
curves mean. Look at the curves marked E, = 0. 
This shows that when the grid voltage is zero — 
that is, when the grid is at the same potential 
as the cathode — the plate current varies from zero, 
to 60 ma. when the plate voltage is about 330 
volts. This assumes, of course, that the grid 
voltage remains constant at zero while the plate 
voltage is varied. The next curve to the right, 
labelled —2, indicates that for a negative grid 
voltage of 2 volts, the plate current is completely 
cut off until the plate voltage is at least 40 volts. 
Further increase of the plate voltage causes the 
plate current to increase to 50 ma. when the plate 
voltage is about 360 volts. Similarly, each of the 
other curves shows exactly how the plate current 
varies when the plate voltage is varied, but the 
grid voltage held constant at some positive or 
negative value. 

It should be noted that none of these curves 
is quite straight. Thus, for any value of grid 
voltage, the tube is a non-linear resistance, as 
explained in Lesson 16. Secondly, for any negative 
value of grid voltage, there is a minimum, or 
cut-off plate voltage, below which noplate current 
can flow. Thirdly, no matter how far positive the 
grid voltage is made, some small plate voltage 
is needed to cause plate current to flow. 

Grid Characteristic Curves. — In practice, we 
are also interested in knowing how the plate 

current varies when the grid voltage is changed. 
We can obtain this information from the plate 
characteristic curves as follows. Consider, for 
instance, the vertical line marked 200 volts. 
Each point on this line represents a value of 
plate current for a value of 200 volts on the 

plate, and some positive or negative value of grid 
voltage. Starting at the bottom, the 200 volt ver-
tical line crosses the curve marked —6 at a point 
representing a plate current of about 2.5 ma., the 
—4 curve at about 9 ma., and so on, finally crossing 
the + 4 curve at about 64 ma. Each of these inter-
sections tells us what the plate current would be 

for a particular value of grid voltage, and a plate 
voltage of 200 volts. 

If we choose a different value of plate voltage, 
we would of course find that the vertical line 
crossed the various curves at a different set of 
current values. We could tabulate all these values, 
and then use them to plot curves of plate current 

against grid voltage for each of several plate 
voltage values. Such curves, plotted from 
Fig. 19-35, would be like this: 

Fig. 19-36 to 
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Curves like these are called static grid char-
acteristics, because they show how the plate 
current is affected by changes in grid voltage. 
The word "static" refers to the fact that the 
curves represent conditions when the plate vol-
tage is held constant, or static. For a similar 
reason, the curves of Fig. 19-35 are called the 
static plate characteristics. 

The letter symbol customarily used for plate 
current is lb. Eb is the plate voltage, and E, the 
grid voltage. Hence, the plate and grid charac-
teristics are often referred to as Ib-Eb curves, 
and lb - E curves, respectively. When an alter-
nating voltage is applied to the grid, the instan-
taneous values of these quantities are designated 
by small letters, with identifying subscripts — 

ib' eb and e. 

The grid characteristics of a tube are not 
usually published, since all the necessary infor-
mation aboir the tube is given by the plate char-
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acteristics. Also, in practical amplifiers, load 
resistors must be inserted in the plate circuit to 
develop a useful output voltage. Then the plate 
voltage does not remain constant as the grid 
voltage varies. Under these circumstances, neither 
set of static characteristics would tell us how the 
plate current would vary. This might seem to com-
plicate matters hopelessly. However, we will 
develop a simple method by which the static 
plate characteristics may be used to find the 
values of all voltages in the circuit at any given 
instant. 

Relative Effect of Grid and Plate Voltages. — 
We have already referred to the fact that the grid 
voltage exercises a much greaier influence on 
the plate current than does the plate voltage. It 
is important in practical understanding of tubes 
to know how much greater this influence is. The 
static plate characteristics will give us this in-
formation for any particular tube. 

Referring to Fig. 19-35, look along the hori-
zontal line marked 30 ma. Stop where this line 
intersects the zero grid voltage curve. From this 
point, drop straight down to the bottom line, and 
note that the corresponding plate voltage is about 
180 volts. This means, of course, that when the 
grid voltage is zero, it takes 180 volts on the 
plate to cause a plate current of 30 ma. 

Now consider this problem. If the grid is now 
made 2 volts negative, by how much must the 
plate voltage be increased to keep the plate 
current at 30 ma.? To answer this, look back at 
the 30 ma. line, and stop at its intersection with 
the —2 curve. This point corresponds to a plate 
voltage of about 256 volts, thus: 
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So our answer is that we would have to increase 
the plate voltage by 256 — 180 = 76 volts.Thus 
we see that for this particular tube, a change of 
2 volts on the grid has as much effect as a 76 
volt change on the plate. 

Amplification Factor. — The ratio of these two 
changes in voltage has a name. It is the amplifi-
cation factor of the tube, universally represented 
by the Greek letter ji (mu, pronounced mew, like 
the sound a cat makes). "Amplification factor" 
is quite a mouthful to say fast, so you will often 
hear it referred to as the mu of the tube. It is de-
fined, and its numerical value expressed, thus: 

Aeb 

Aec b constant) 

Aeb and Ae are the changes in plate and grid 
voltage, under the condition that the plate current 
remains the same. (Remember from Lesson 17 that 
A, delta, means"a change of".) It is also implied 
that the change in ec is small. 

Notice that ji is not quite the same for all 
operating conditions. For instance, in the example 
we used, µ has a value of 76/2 = 38. But if we 
started at ib = 10 ma. and ec = +4, and consider 
a change to ec = + 2, the corresponding plate 
voltage change would be about 20 - 2 = 18, and ji 
would be 18/2 = 9. However, if we stick to the 
region near the middle of the characteristic c urves, 

where the curves are most nearly parallel, we 
would find that p, would come out very close to 
the value of 40 that we found. For instance, if 
we start at ib = 15.5 ma., and e = -4, ji would 
come out about 37.5, very close to 38. For this 
reason, ji is sometimes referred to as one of the 
"constants" of the tube. 

There are two other "constants" frequently 
used to summarize the behavior of the tube. These 
are the trans conductance, symbolized as gm, and 
plate resistance, r. Both may be obtained from 
the plate characteristics of a triode. 

Tmnsconductance. — Transconductance (also 
called mutual conductance) is defined as the ratio 
of a change in plate current to a small change in 
grid voltage, under the condition that the plate 
voltage remains the same. Thus: 

b 

gm 
= Ae c mhos (eb constant) 

Note that current divided by voltage is the 
reciprocal of resistance, which is voltage divided by 
current — volts per ampere. The reciprocal of 
resistance — amperes per volt — is called con-
ductance, and is expressed in mhos (ohms, 
spelled backwards). Thus: 
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amperes 

volts 
= mhos 

Let's use this definition to find the transconduc-
tance of our tube from Fig. 19-35. 

We could start at the same place - ib = 30 ma. 
and e == 0. For reasons that will develop pre-
sently, however, we'll start at the point ib = 15.5, 
e = -4, for which the value of i is 37.5. This 
time, we must hold the plate voltage constant, so 
we move up vertically from the starting point to 
the next higher curve, thus: 
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Fig. 19-38 

We find that a 2 volt change 
while the plate voltage remains 
volts, causes a 12.5 ma. change 
Then applying the definition: 
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in grid voltage, 
constant at 244 
in plate current. 

Ai . 028 -.0155 .0125 - . 00625 mhos 

gm A -   eb  c 2 2 
= 6250 µmhos 

It is customary to express transconductance in 
micromhos - plate microamperes per grid volt - 
rather than mhos. As you see, it is a little more 
convenient not to have to write the decimal point 
in the final result. Note that to get the right 
answer, the current must be expressed in amperes, 
not milliamperes. Or, to get the answer directly 
in micromhos, use microamperes divided by volts. 

From the definition of g it is evident that 
the higher this "constant" is, the more sensitive 
is the plate current to changes in grid voltage. 

Plate Resistance. - The third of the tube 
constants is similarly defined as the ratio of a 
smallchange in plate voltage, tothe corresponding 
change in plate current, under the condition that 
the grid voltage is held constant. Thus: 

Aek 
r = —&z (e constant) P Ai e 

Again starting at the same point on the char-
icteristic curves of Fig. 19-35 as we did for gm, 
we can find the plate resistance thus: 
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Since ee is to be held constant this time, our 
old and new points must both be on the same ee 
curve. So for the new point, we move up the 
E = -4 curve to its intersection with the next 
eb line. At this point, we read the new values of 
eb and ib. This gives us the change of plate vol-
tage necessary to cause the plate current to in-
crease by a known amount. Then: 

Ae, 300 - 244 56 
r - 6200 ohms 
P Alb .0245 -.0155 .009 

It should be noted that plate resistance is not 
the same thing as Rb, the d-c plate resistance we 
defined for a diode. For most triodes, rP is about 
the same numerically as Rb if the grid voltage is 
zero, since under this condition, the tube acts 
merely as a diode. But in practice, triodes are 
usually operated with a negative average voltage 
on the grid. In this region, Rb is considerably 
larger than r. For instance, at the point where 
we computed rp as 6200 ohms, we would find Rb 
= 244/.0155 = 15,750 ohms. 

For any vacuum tube, r always means a-c 
i P plate resistance. This s really the equivalent 

resistance of the tube to the alternating component 
of the plate current, when ana-c signal is applied 
to the grid. This is the only quantity that is or-
dinarily useful in predictingthe performance of the 
tube. Rb is its resistance to the d-c component 
of the plate current, which is not usually of 
practical interest. These statements will make 
more sense after you have read the next section 
of this Lesson. 

Relation of Tube Constants.- It can be shown 
rather simply that the three tube "constants" are 
numerically related as follows: 

= gn, rp 

If we use our figures to check this relation, we 
come up with 

= .00625 X 6200 = 38.7 
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This value is a trifle more than the 37.5 we found 
for i from the curves at this point. Had we been 
able to read the graph more precisely, and had 
we also been able to use much smaller changes 
in e and eb' our answers by the two different 
methods would check exactly. 

Effect of A-c Signal on Grid. — Let's consider 
the effect of causing the grid voltage to vary 
above and below some fixed value. Using the 
method illustrated in Fig. 19-23, we can make 
use of the grid characteristic of a triode to find 
how the plate current will vary in response to a 
varying grid voltage, thus: 

Eb . 300 

(,,ells) 

-12 -8 

Fig. 19-40 

Here we have lifted from Fig. 19-36 the grid 
characteristic curve for Eb = 300 volts. On this 
curve, we have projected a voltage sine wave 
with a peak value of 2 volts, superimposed on a 
steady voltage of -4 volts. In other words, the 

grid voltage is made to vary between -2 and -6 
volts. As shown by the figure, the plate current 
will vary between 38.5 and 12.5 ma. Thus the 
plate current consists of a d-c component of about 
24 ma., plus an a-c component. 

This is the first step in causing the triode to 
act as an amplifier. But it still isn't an amplifier, 
for two reasons. First, the output is a varying 
current, and what we want is a varying voltage, 
justas with thediode. Secondlythe a-c component 
of the plate current is not a good reproduction of 
the grid voltage waveform. Its positive peak 
value is 14.5 ma., while its negative peak is only 
11.5 ma. 

You will note that we have chosen a negative 
average value for the grid voltage, and have kept 
the amplitude of its a-c component small enough 
that the grid voltage never goes positive. There 
are several reasons for this. First, if the grid 
were to go positive, grid current would flow, and 
power would be consumed in the grid circuit. 
Second, as we will see later, a larger grid signal 
can be used by picking the average value of the 
grid voltage about half-way between zero and 
cutoff. And finally, a more faithful reproduction 
of the grid signal waveform results when the grid 
is kept negative. We'll expand on these points 
later. 

We can take care of the lack of an output 
voltage very easily, in the same way that we did 
for the diode — by inserting a load resistor in the 
plate circuit. The complete circuit will now be 
like this: 

Fig. 19-41 

Basic Amplifier Circuit. — This is the funda-
mental amplifier circuit. If you understand this 
circuit, you will have little difficulty with more 
complicated amplifiers. Before we consider its 
operation, let's take note of the meaning of the 
letter symbols used in Fig. 19-41. Ebb is the 
usual symbol for the plate supply voltage, or B+ 
supply. Ec is the d-c, or average, grid voltage. 
It is called the grid bias voltage, and when 
furnished by a battery as shown, the latter is 
called the C battery, or bias battery. The symbol 
e is the instantaneous value of the sinusoidal 
a-c component of the grid voltage. This is the 
signal to be amplified. The instantaneous value 
of the plate current is designated by ib. Its d-c 
component is called lb, and the instantaneous 

value of its a-c component is i. Thus ib = 
b p 

The letters K, G and P are used to designate the 
cathode, grid and plate as points in the circuit, 
and RL is obviously the load resistor. Other 
symbols will be explained as they are required, 
and a glossary of such symbols is given at the 

end of this Lesson. 
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Now for how the amplifier works. The plate 
current, as we saw from Fig. 19-40, will have 
both a d-c and a-c component. Since the plate 
current flows through the load resistor, there will 
be a voltage drop across the resistor equal to 
ibRL. Since ib ins an a-c component, so does the 
voltage drop across RL. This is the required 
output voltage. (As we'll see later, the d-c com-
ponent of this voltage is easily removed by means 
of a blocking condenser.) Our next problem is to 
determine how high this a-c output voltage is. It 
had better be bigger than the grid signal voltage, 
e5, else we have not amplified anything. 

Why the Plate Voltage Varies. — Here we run 
into a complication. As soon as we insert a load 
resistor, the entire plate supply voltage, Ebb, 

does not appear across the tube. Hence we see 
why we must distinguish between Ebb and Eb. 

Some of it is taken up as the d-c drop across 
RL. Furthermore, since the drop across RL varies, 
so must the plate voltage across the tube. This 
being so, Fig. 19-40 does not truly represent the 
the plate current variations, since it assumes 
that the plate voltage — eb, the instantaneous 
drop from P to K — remains constant at 300 volts. 
What to do? 

Look at it this way. We have already seen that 
the tube is a non-linear resistance. The d-c plate 
resistance of the tube is in series with the load 
resistor RL and the plate supply battery Ebb, 
thus: 

Fig. 19-42 

Now if the d-c plate resistance Rb were linear 
and constant, this would be an easy circuit to 
solve by the methods explained in Lesson 16. 
But Rb is not only non-linear, but it varies as 
the grid voltage varies. So we'll have to develop 
a new method to find out what the plate current 
will be at any instant. 

However Rb changes, we know that at any 
instant the sum of the voltage drops must equal 
the applied voltage, Ebb. Thus: 

ibRb + ibRL Ebb 

Now ibRb is the plate voltage across the tube, 
eb, and ibRL is the drop across the load resistor, 
which we will call eRL. Let's forget for the 
moment that Rb varies, and recall that for any one 
value of grid voltage, we have its characteristic 
c urve. Thus, for Ec = -4, the characteristic curve 
of Rb is the -4 curve from Fig. 19-35: 
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Fig. 19-43 

Also, if we pick a value for a load resistor, 
we can draw its characteristic to the same scale. 
Let's choose RL = 10,000 ohms. If we apply, 
say, 100 volts across 10,000 ohms, the current 
will be 10 ma. So we can draw the characteristic 
of RL like this: 

40 

30 

20 - 

/0 

I%  

Mu» 

/00 200 

Fig. 19-44 
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We know that RL is a constant resistance, so 
its characteristic is a straight line going through 
the 0-0 point where the current and voltage axes 
meet. We can get the right slope to the charac-
teristic by measuring 100 volts horizontally, and 
10 ma. up — or 400 volts and 40 ma.This gives 
us a second point, which is all we need to de-
termine a straight line. 

How can we use these two characteristics to 
determine the plate current? Recall that since 
Rb and RL are in series, the same current must 
flow in both. Also recall that the voltage drops 
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across the tube and the resistor must add up to 
Ebb at every instant. When eb goes up, eRL must 
come down. Maybe this suggests reversing one ot 
the two characteristics, and superimposing the 
two. We'll do this in a moment. First, let's decide 
to make Ebb = 400 volts; only a part of this will 
appear across the tube, remember. Now we'll 
redraw the RL characteristic, reversed so it 
slopes up to the left from Ebb = 400 volts, thus: 

Fig. 19-45 

Now consider these facts carefully. The volt-
age across the tube is measured toward the right, 
from the lower left comer. The voltage across 
the resistor is measured toward the left, from the 
point where its current is zero - that is, from the 
point on the voltage axis corresponding 

to E bb 
= 400 volts. Looking at it another way, consider 
any point on the voltage axis, such as the one 
marked 300 volts. The distance to the zero point 
at the left is the voltage across the tube, eb, and 
the distance to the 400 volt mark, at the right, is 
the drop across the resistor. These two distances 
add up to 400 volts, as they must when the tube 
and load resistor are in series across the 400 
volt supply. 

Next, remember that every point on the RL 
curve represents the current through RL for 
some value of eR, and every point on the Rb 
curve represents the current through the tube for 
some value of eb* But these two currents must be 
the same, since Rb and RL are in series. The 
only point on both curves is the point of their 
intersection. This, then, indicates the plate 
current for the condition chosen. It shows that 
when Ebb is 400 volts, and e is -4 volts, the 
plate current is 15.8 ma. Dropping down from this 
point to the voltage axis, we see that the voltage 
across the tube, eb, is 244 volts, and the voltage 
across the load resistor, eR, is 400 - 244 = 156 
volts. We have now found a set of current and 

voltage values that satisfies all the required 
conditions: ( 1) the current is the same in both 
tube and load; (2) the current is in accordance 
with the characteristic curves of both tube and 
load; (3) the sum of the voltage drops is equal to 
the applied voltage. Thus, by graphic methods, 
we have solved a non-linear circuit that was in-
soluble before. 

Load Line. - The solution worked out in 
Fig. 19-45, of course, holds only when the grid 
voltage is -4 volts. But we could get similar 
solutions for any other value of grid voltage. In 
fact, we can get solutions for all possible values 
of grid voltage simultaneously, by drawing the 
RL characteristic on the complete set of plate 
characteristics of the tube, thus: 
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Fig. 19-46 
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So drawn on the plate curves, the linear char-
acteristic of RL is called a load line. In a moment 
we'll see how to use it. But first, let's consider 
an easy way to plot it. 

In order to plot a load line, we must first 
decide on two things - the values of Ebb and R 
that we want to use. We have chosen 400 volts 
and 10,000 ohms. One end of the load line is at 
ib = 0, eb = Ebb, so we make a mark on the curves 
at this point. To find the other end of the load 
line, we find the current that would flow in RL 
if the entire Ebb were applied across it, thus: 

E 400 
I = bb _   - 0.040 amp = 40 ma. 

RL 10,000 

Now we make a mark on the vertical axis, at a 
point corresponding to the current value we just 
found. We can now draw a straight line connecting 
our two marks, and we have our load line. 

Now let's return to Fig. 19-46, and see how we 
can use the load line to find out just how the 

Ala Je. a. 
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plate current will vary in response to the sinu-
soidal signal voltage we considered earlier. 

When the instantaneous value of e (the signal 
voltage applied to the grid) is zef-o, the grid 
voltage is equal to the bias voltage, Ec, or -4 
volts. We've already found what the plate current 
and the voltages across the tube and load, will 
be at this instant. We have marked the point re-
presenting these conditions as Q on Fig. 19-46. 
This is called the quiescent point, or operating 
point, or Q point. The values of ib and eb at this 
point are called the quiescent values, and are 
designated as lbo and Ebo respectively. 

When e reaches its positive peak value of 2 
volts, the ggrid voltage is -4 + 2 = -2 volts. The 
instantaneous values of i eb and e at this R 
instant are read from the intersection of the -2 
curve with the load line, just as though the other 
curves were omitted. This is because the -2 
curve is the characteristic of the tube at this 
instant. Similarly, when e reaches its negative 
peak value of -2 volts, the grid voltage is -4 -2 
= -6 volts, and we get the current and voltage 
values for this instant from the point where the 
load line crosses the -6 curve. 

The net results are easily read from Fig. 19-46 
as follows: When e swings from +2 to -2 volts, 
e (the instantaneous voltage from cathode to 
grid) swings from -2 to -6 volts; ib varies from 
20 to 11.6 ma.; eb varies from 200 to 288 volts; 
and eRI., the drop across RL, varies from 200 
to 112 volts. Note that a peak-to-peak swing of 4 
volts in the grid signal has been amplified to a 
peak-to-peak swing of 88 volts in the output 
voltage across RL! (The output voltage is the 
a-c component of ERL .) Furthermore, note that 
the positive and negative amplitudes of both ib 
eRL are equally spaced about the Q point. The 
distortion that showed up in Fig. 19-40 has been 
eliminated - at least, as far as we can tell 
within the limits of precision with which we can 
read a graph. 

The ratio of the output peak-to-peak voltage 
to the grid signal peak-to-peak voltage has a 
name- it is the gain of the amplifier. In our case, 
its value is 88/4 = 22. This is quite a bit less 
than the amplification factor of the tube, which 
you may recall was 37.5. We'll learn in the next 
section that the gain of an amplifier can never 
be greater than the /2 of the tube, and is fre-
quently much less. 

Dynamic Transfer Characteristic. - We have 
already shown how we can plot the static grid 

characteristic of a tube from its plate characteristic 
curves. We can do the same thing for the dynamic 
conditions that exist when abad resistor is inserted 
in the plate circuit. But instead of reading the 
current values from the points where the curves 
intersect a vertical plate voltage line, we read 
them from the intersections of the curves for 
various values of grid voltage, with the load line. 
Remember that since the plate current now flows 
through the load resistor as well as the tube, any 
set of possible operating values of current and 
voltages is represented by some point on the load 
line. The result of plotting current values along 
the load line against grid voltage is a curve called 
the dynamic transfer characteristic of the circuit. 
The word "dynamic" refers to the fact that the 
changing value of the plate voltage has been taken 
into account. There is a different dynamic char-
acteristic for every value of load resistance. For 
the 10,000 ohm load we used, the dynamic transfer 
characteristic (drawn for comp4rison on the static 
grid curves) will look like this 

Fig. 19-47 
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Now here is an interesting fact, to which we'll 
refer later. Over a limited range, in the negative 
grid region, the dynamic transfer characteristic 
is nearly straight. If the grid voltage swing can 
be restricted to this range, then the output wave-
form will be a faithful reproduction of the input 
grid signal. If, on the other hand, the grid swings 
intothe curved part of the characteristic, at either 
or both ends, distortion results. In fact,distortion 
always results when a signal, even a pure sine 
wave, is applied to any device having a non-linear 
characteristic over the range of operation. 

Phase Relations. - A single-tube amplifier 
such as we have been studying is said to invert 
the phase of the input signal. The reason for this 
statement is apparent from the graphs shown in 
Fig. 19-48. 

The first graph shows how the potential of the 
grid (point G in Fig. 19-41) with respect to the 
cathode varies when a sinusoidal signal voltage 
is applied in series with the bias voltage, E. On 
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Fig. 19-48 
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the positive half-cycle of the signal, the grid 
potential rises to a less negative value. As the 
grid becomes less negative, the plate current 
increases. The second graph above shows how 
the plate current changes in accordance with the 
grid potential variations. (These three graphs 
should help to clear up the distinction between 
i and i, e and e, etc. These quantities have 

g 
been indicated on the graphs for one particular 
instant. ) 

Now consider the potential of the plate, P, 
with respect to the cathode. If no plate current 
were flowing, the plate would be above the cathode 
by an amount equal to Ebb. But as soonas plate 
current flows, there is a voltage drop across RL. 
At any instant, the potential of P is Ebb — ib RL. 
The greater the current, the greater is the drop 
across RL, and the less of the supply voltage 
terrains across the tube. Thus the potential of the 
plate falls as the plate current increases. 

The net result, as shown in graph (c) is that 
as the grid potential rises, the plate potential 
falls, and vice versa. Thus the a-c components 
of these two voltages are 180 ° out of phase. 

The output voltage is the voltage from plate 
to ground, across RL and Ebb. Thus the output 
voltage is 180 ° out of phase with the input signal. 

Summary. — We can summarize the basic facts 
of triode operation as follows: 

1. The behavior of any particular tube is shown by 
its static plate characteristic curves, which are 
graphs of plate current against plate voltage, for 
several different values of grid voltage. 

2. For any value of plate voltage, values of plate cur-
rent may be read from the curves, and plotted against 
grid voltage, to obtain the static grid characteristics. 

3. The amplification factor, ,u, is the ratio of a small 
change of plate voltage tothe change of grid voltage 
required to keep the plate current the same. 

4. The transconductance, g is the ratio of a small 
change of plate current tethe grid voltage change 
required to cause it, while the plate voltage is held 
constant. 

5. The a-c plate resistance, 4,, is the ratio of a small 
change of plate voltage rto the change of plate 
current it causes, while the grid voltage remains 
constant. 

6. The three " tube constants" may be found from each 
other by the relation: = gmrp. 

7. When a load resistor is inserted in the plate circuit, 
and an a-c signal applied to the grid, the tube acts 
as an amplifier. 

8. Under these conditions, neither the grid voltage nor 
the plate voltage is constant. 

9. The limits of variation of plate voltage, plate 
current and output voltage across the load resistor, 
may all be found from the plate characteristic curves 
by drawing on them the load line for the particular 
values of load resistance and plate supply voltage 
chosen. 

10. The load resistor serves two purposes — it provides 
an alternating output voltage, and reduces the dis-
tortion generated by the non-linearity of the tube. 

11. The gain of an amplifier is defined as the ratio 
of the a-c ouput voltage (across the load resistor) 
to the input (grid signal) voltage. When gain is 
computed from the plate curves and load line, peak-
to-peak values are used for both input and output. 

12. A dynamic transfer characteristic is a graph of in-
stantaneous plate current against grid voltage, for 
a particular pair of values of RL and Ebb. 

13. The output voltage of an amplifier is 180 out of 
phase with the grid signal. 

TRIODE AMPLIFIERS 

19-7. All amplifiers operate according to the 
basic principles explained in the previous section. 
They may differ, however, in the following respects: 

1. Characteristics of the tube used. 

2. Kind and size of load. 

3. Methods used to obtain bias voltage. 

4. Methods used to couple the amplifier to the input 
and output circuit. 

5. Class .of operation. 

6. Amount of distortion. 

7. Frequency response. 

It is the purpose of this section to explain 
these terms, and to give you a basis for under-
standing the behavior of practical amplifiers. 

Gain of an Amplifier. —We have already shown 
how the gain of an amplifier is defined, and how 
it may be found from the tube characteristics. It 
is not necessary to go through all that work, 
however, to find the gain of a particular amplifier, 
provided we know three things: the /J. of the tube, 
the plate resistance of the tube, and the size of 

the load resistance. 
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We have shown that the plate current contains 
both a-c and d-c components. In Lesson 17, we 
showed that a circuit having this kind of current 
could be analyzed by breaking it up into two 
partial equivalent circuits — one for the d-c, and 
one for the a-c. Let's apply this to the plate 
circuit of our triode amplifier. The d-c equivalent 
circuit is the one shown in Fig. 19-42, consisting 
of the B supply voltage applied across the series 
combination of R L and Rb, the d-c plate resistance, 
the latter being computed from the characteristic 
at the Q point. 

Our only interest now, however, is in the a-c 
equivalent circuit. We know that the a-c component 
of the plate circuit flows in both RL and the a-c 
plate resistance of the tube, rp. Our equivalent 
circuit must, of course, contain an a-c generator. 
What should its voltage be? 

The definition of i, the amplification factor 
of the tube, shows that if the grid voltage changes 
by E volts, it takes p, times this much voltage 
change in the plate circuit to have the same effect 
on the plate current. The a-c component of the 
plate current is caused by a changing grid voltage. 
So our equivalent plate circuit generator should 
have a voltage p. times the grid signal. The total 
grid voltage change is its peak-to-peak swing. 
But, since, for sine waves, rms values are pro-
pertional to peak-to-peak values, the rms value 
of the equivalent a-c plate voltage would be p. 
times the rms value of the grid signal, or i-LE 
So now we can draw our equivalent a-c circult 
thus: 

Fig. 19-49 

All we have to do now is to solve a simple 
series resistive circuit. Doing it by the methods 
studied in Lesson 16 and 17, we have no trouble 
finding that 

E 
gain = E° = L  

r + R p L 

Let's use this relation to check our graphical 
results for the example we worked out. Inserting 

in the formula the values of and r that we found 
earlier at the Q point, we get: 

gain = r + R 
p L 

RL 10,000 
= 37.5 x 6,200 + 10,000 

37,5 x .618 

= 23.1 

This is a little more than we got before. The 
reason is partly the inaccuracies inherent in 
reading values from curves, and partly the fact 
that the formula is exact only if the amplifier is 
perfectly free from distortion. But the results are 
plenty close enough to justify use of the formula. 

This formula deserves a little study. Note that 
since r + RL must always be greater than R 
alone, the value of the fraction must always be 
less than 1. Therefore, the gain of the amplifier 
can never be greater than p.. There is, however, 
something we can do to make the gain as close 
to /..t. as possible. The plate resistance, rn, is 
fixed by the tube. But we can make RL bigger 
and the nearer the value of the fraction approaches 
1, the closer the gain is to 

There are practical considerations, however, 
that sometimes make it undesirable to make RL 
too large. If you look back at the d-c equivalent 
circuit, Fig. 19-42, you will note that the bigger 
RL is, the less plate voltage will appear across 
the tube, or the smaller the quiescent platecurrent 
will be. If the quiescent plate current is too small, 
the load line (see Fig. 19-46) is pulled way down 
to where it cuts across the most non-linear portion 
of the plate characteristics. This means that 
excessive distortion will result. An alternative 
would be to increase the plate supply voltage, 
E bb, but this is not always practical, either. 

Cathode Bias. — The purpose of the bias 
voltage in an amplifier is to set the operating 
point at the best possible point on the tube char-
acteristic. Look, for instance, at the dynamic 
transfer characteristic shown in Fig. 19-47. It 
was shown that in order to avoid excessive dis-
tortion, the grid voltage swing should be confined 
to the linear part of this curve. Now the grid 
signal swings the grid voltage by equal amounts 
above and below the bias voltage. Therefore, in 
order to accommodate the greatest possible grid 
voltage swing without distortion, the bias voltage 
is so chosen that it falls at about the midpoint 
of the straight part of the transfér characteristic. 
A further limitation is that usually the grid must 
not be permitted to swing positive. 
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To meet these various conditions, it is neces-
sary that the bias voltage be fixed fairly accurately 
at a constant value. The use of a bias battery, 
as shown in Fig. 19-41, is not very practical in a 
TV receiver. Instead, some form of self-bias is 
used. The most common method for amplifier 
circuits is cathode bias. 

The requirement is simply that the grid be 
placed at a potential that is a fixed amount below 
the cathode. We learned in Lesson 16 that the 
potential difference between any two points in a 
circuit can be fixed if the two points can be 
connected by a resistor through which a fixed d-c 
current flows. We can apply this idea to the 
vacuum tube thus: 

Fig. 19-50 

With no signal on the grid, the quiescent plate 

current Ibo flows in the plate circuit, which now 
includes the cathode resistor RK in series with 
RL and r. This causes a voltage drop between 
K and ground equal to IboRK, placing tie grid 
(shown here as connected directly to ground) 
below the cathode potential. The required value 
of RK is usually small. For instance, in our 

example, lbo was 15.8 ma., and Ec was -4 volts. 
The required value of RK is: 

E 4 
RK = =   - 253 ohms 

0158 b0 ' 

This is so much less than either RL or r that 
the cathode resistor itself has negligible effect 
on the plate current. 

There are two defects in the simple biasing 
arrangement shown above . One is that there is 
no way to apply a grid signal between G and 
ground, since these two points are shorted out 
by the grid lead. The other is that any a-c com-
ponent of the plate current would cause the grid 
potential to vary in accordance with this a-c 
component. What we wantfromthe biasing resistor 
is a steady d-c potential difference between grid 
and cathode, not a varying one. These two diffi-
culties are easily overcome like this: 

Fig. 19.51 

So long as no direct current flows in R, point 
g  G will be at ground potential. But an a-c signal 

can be applied across R , causing the potential 
of G to vary above and below ground. R is usually 
a much higher resistance than RL - say a megohm 
or so. The second difficulty is overcome by the 
addition of the bias condenser, CK. Its value is 
made large enough that its reactance is negligibly 
small at the lowest frequency to be amplified. 
Thus the cathode is at a-c ground potential, but 
above ground for d-c. Thus the d-c potential of 
the grid is below that of the cathode, but there is 
no a-c voltage between grid and cathode, except 
that set up by the input signal itself. 

Grid Leak Bias. - Another method of self-bias 
of a triode is grid bias, also called grid leak bias. 
It is so called because the bias voltage is devel-

oped across the grid resistor, R , when the signal 
is permitted to drive the griâ positive. Since 
amplifiers - at least, the audio and video ampli-
fiers in a TV set - are not usually operated so 
that grid current flows, the method of grid bias 
is more often encountered in other triode appli-
cation. It is used, for instance, in the FM limiter 
of the sound section, in the blocking oscillator 
in the deflection section, and in the local oscillator 
in the r-f section. 

Atypical grid biased triode circuit is like this: 

Fig. 19-52 
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Note that no cathode resistor is used. (We have 
here switched to indicating the plate supply 
voltage as simply a lead to some voltage source, 
whose other terminal is assumed to be connected 
to ground. This is a usual practice in diagrams 
of sections of a more complex circuit.) 

The reactance of the grid condenser C8 is 

small at the frequency of the signal voltage. The 
a-c voltage across R8, therefore, is substantially 
the applied signal. On each positive half-cycle 
of the signal, the grid is driven positive, and 
grid current flows in a series of pulses. The grid 
circuit behaves exactly like a diode rectifier. 
On each positive half-cycle of the grid voltage, 
electrons flow from the grid to the condenser, 
charging it in the polarity shown. As the signal 
voltage falls, the electrons flow out of the con-
denser, and through R8 to the cathode. The current 
through R therefore continues during the negative 
half-cycle of the signal, thus: 

(.1 emu, college 

-  

and current 

ir) «reed R, 

Fig. 19-53 

The pulsating d-c grid current, ic, has an aver-
age value lc. This is also the average value of the 

current in Rg. The latter, however, is nearly a 
steady d-c, due to the charging and discharging 
of the condenser Cg. The direct current through 
R produces a voltage drop from k to G, which is 
equal to IcRg, which is the bias voltage developed 
by the circuit. 

The magnitude of lc, and of its small a-c com-

ponent, depend ontherelative values of R andthe 
d-c equivalent resistance of the grid circuit (what 
we would call R b, if we consider the grid circuit 
as a diode). But note that the magnitude of lc, 
and therefore of the bias voltage, also depends on 
the amplitude of the grid signal. In an amplifier, 
this would usually be undesirable, as the operating 
point would shift as the amplitude of the signal 
fluctuated. In certain other applications, such as 
in oscillators, this is exactly what is wanted. 
This will be further discussed in the following 
section. 

Coupling Methods. — It frequently happens 
that a signal must be amplified more than ;s 
possible with a single amplifier tube, or stage. 
In such cases, it is necessary to use two or more 
stages, the output voltage of one stage being 
used as the input signal of the following stage. 
There are several methods in use by which several 
stages may be coupled, as follows: ( 1) direct 
coupling, (2) resistance-capacitance coupling, 
(3) impedance coupling, and (4) transformer 
coupling. Also, any of these methods may be 
used for applying the signal to the first stage, 
or applying the output voltage to a loudspeaker, 
kinescope or other device. 

Direct Coupling. — In direct coupling, the grid 

of the second stage is connected directly to the 
plate of the first, as in Fig. 19-54. 

This has the advantage of a much broader 
frequency response, as we shall explain later. It 
has the disadvantage, however, of requiring a 
plate voltage supply approximately twice as large 
as for one stage. For instance, suppose Ebbi is 
400 volts, and the d-c drop in RL, is 100 volts. 
This places the plate of the first stage,P 1, at 300 
volts above ground. But the grid of the second 
stage, G2 is at this same potential. If the bias 
voltage of the second stage is, say, 20 volts, K, 
must be 320 volts above ground. P, must now be 
300 volts above this or 620 volts above ground. 
Assuming another 100 volts d-c drop in R L , the 
plate supply available for the second stage must 
therefore be 720 volts. 

Resistance-Capacitance Coupling. — To avoid 
the need for such high source voltages, a blocking 
condenser is inserted between P1 and G2, as 
shown in Fig. 19-55. 

Now it is evident that G, has been isolated 
from P, and G, need not be at the same d-c 
potential as P 1. Hence, both cathode resistors 
can have their low ends connected to ground, and 
a 400 volt supply will provide the required plate 
voltages for both stages. 

The a-c component of the voltage across RL1 
is the output voltage of the first stage, eol. This 
same voltage appears across the series combin-
ation of Ce and R82. The reactance of the coupling 
condenser, Ce, is low enough at the lowest fre-
quency to be amplified that substantially all of 
e01 appears between G2 and ground, across R82. 
It is thus the input signal for the second stage, 
where it is amplified again. 
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Fig. 19-54 

Fig. 19-55 

Overall Gain. — It is easy to show that the 
overall gainof two or more stages of amplification 
is the product of the gains of the separate stages. 
Thus, if each of the stages in Fig. 19-55 has a 
gain of 20, the overall gain is 400, thus: 

overall gain 
E02 E., Es, E 0 2 

X X 

E51 Es, E51 Es, E51 

= 20 20 = 400 

Impedance Coupling. — If the load resistor of 
the first stage, Rix isreplaced by an inductance, 
or some impedance other than a pure resistance, 
then the stages are said to be impedance coupled. 
It will be seen in lesson 33 that the peaking coils 
and other components of the high frequency com-

Fig. 19-56 
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pensation networks of ' video amplifiers can be 
considered as such coupling impedances . 

Transformer Coupling. — Another method by 
which the grid of a following stage may be isolated 
from the d-c supply voltage on the preceding 
plate is by the use of a coupling transformer, as 
shown in Fig. 19-56. 

This circuit eliminates the need for RLi, Cc 
and R52. The a-c component of the plate current 
of the first stage flows in the transformer primary, 
LI, and induces a voltage in L,. This is the 
signal voltage applied to the second stage. 

Transformer coupling has two advantages over 
RC (resistance-capacitance) coupling. First, the 
resistance of the transformer primary is usually 
quite low, and the d-c voltage drop in it is neg-
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ligible.Thus, substantially all of the plate supply 
voltage is applied tot he tube, and practically none 
used up in a load resistor. Secondly, it is possible 
by choosing the turns ratio of the coupling trans-
former to make the secondary induced voltage 
larger or smaller than the primary voltage as de-
sired, and thereby secure a better impedance 
match between stages. This matter of impedance 
matching will be discussed in Lesson 20, and 
when we take up the sound section of the TV 
receiver. It is here that transformer coupling 
finds its principal application. 

Frequency Response of Amplifiers. — It would 
be very nice if an amplifier would work equally 
well for input signals of all frequencies, from 
zero right up to hundreds of megacycles, ampli-
fying all frequencies in just the same ratio. Un-
fortunately, things don't work that way. Actual 
amplifiers are effective only between more or less 
definite frequency limits. The effective band-
width of an amplifier, like that of a tuned circuit, 
is taken as the difference between frequencies at 
which the output voltage drops to 0.707 times the 
maximum. 

Resistance-capacitance coupling is the most 
frequently encountered method, so we will consider 
its effect on the frequency response of the am-
plifier. If we plot the output voltage against fre-
quency, for a constant input amplitude at each 
frequency, we find we get a curve something like 
this: 

/00 /000 

Ireneency (cps)--m. 

éo,000: /00,000 

ft 

Fig. 19-57 

This curve, by a simple change of scale, is 
also the graph of gain against frequency. We find 
that the gain is substantially constant, or flat, 
over a certain range, and then falls off rapidly 
at lower and higher frequencies. 

Recall that the signal, in Fig. 19-55, is applied 
to the second stage across a series of combination 
C and Rg2. But only the voltage across Rg 
appears between grid and ground of the seco&Î 

tube. At high frequencies, the reactance of Cc is 
too small to matter. But at low frequencies, Xc 
becomes equal to or greater than Rg. These two 
elements of the coupling network then act as a 
voltage divider, only a part of the signal being 
applied to the next stage. The lower the frequency, 
the more the coupling condenser tends to block 
the signal from the next stage, and the less final 
output voltage is obtained. Since even the first 
stage is often supplied through a coupling con-
denser, all stages contribute to this falling off 
of overall response. 

At high frequencies, the coupling condenser 
is practically a short circuit. But there is stray 
capacitance shunted between the grid and ground. 
This consists partly of the capacitance between 
the lead wires and the chassis, but mostly of the 
capacitance between the grid wires and the 
cathode of the following stage. The higher the 
frequency becomes, the smaller is the reactance 
of this shunt capacitance, and the greater is the 
extent to which the signal is by-passed to ground 

instead of appearing across R g . This is why  the response falls off at high frequencies. 

The frequency range of an amplifier may be 
extended, within limits, by adjusting the values 
of the coupling components, and by selecting a 
tube with a small grid-cathode capacity. But any 
such extension of its range is accomplished only 
at the expense of gain. 

Direct coupling pushes the low frequency limit 
of the a mplifier right down to zero. For this reason 
direct coupled amplifiers are often called d-c 
amplifiers. But they are subject to the same upper 

frequency restrictions as amplifiers that are re-
sistance-capacity coupled or transformer coupled. 

The low frequency response of transformer 
coupled amplifiers also falls off sharply, but for 
a different reason. Remember that the voltage 
induced in the transformer secondary is propor-
tional to the rate of change of the primary current. 
If the primary current is of a low frequency, it is 
changing less rapidly, and the voltage it induces 
in the secondary is therefore less . 

Distortion. — We have learned earlier that when 
a varying voltage is applied across a pure resis-
tance, the current is directly proportional to the 
voltage at every instant, and the waveform of the 
current is identical with that of the voltage. This 
is true provided the resistance is constant — that 
is, that its characteristic is linear — over the 
entire range of the voltage swing. 
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In this lesson, we have seen several examples 
of distortion of the voltage waveform. A diode 
rectifier produces such a result, as shown in 
Fig. 19-12, because its characteristic bends 
sharply at the voltage axis. A triode having a 
curved grid characteristic, such as that shown 
in Fig. 19-40, also produces distortion. 

We can generalize from these examples and 
state that whenever a voltage is applied to a 
device having a non-linear characteristic, dis-
tortion results — that is, the output (current) 
waveform will not be the same as the input (voltage) 
waveform. 

Harmonic Generation. — In Lesson 17, we 
learned that any waveshape may be regarded as 
made up of a number of harmonic components, 
each a sine wave, and each having a frequency 
that is an exact multiple of the fundamental fre-
quency of the wave. Also, we have just seen that 
if a pure sine wave is applied to a non-linear 
device, such as a vacuum tube with a curved 
transfer characteristic, the output waveform is not 
a sine wave. It follows from these two facts that 
the frequencies that were not present in the 
input have been introduced into the output by 
distortion . The tube, in other words, has generated 
new frequencies, each an exact multiple of the 
input sine wave frequency. 

In an amplifier, these new frequencies are 
undesired, so it is important that components be 
so chosen and adjusted that the range of operation 
falls on a straight, or nearly straight, part of the 
characteristic. If the tube is so operated that 
there is a large amount of harmonic distortion in 
the output, some special means must be used to 
remove from the output the undesired frequencies 
generated by the tube. 

The generation of new frequencies by a tube 
with a non-linear characteristic is sometimes 
desirable. For instance, the intermediate fre-
quency (i-f) in a TV receiver is such a distortion 
product, and could be generated only by a non-
linear device such as a vacuum tube. In such an 
application, the tube is fulfilling the last of the 
three major functions of a vacuum tube listed in 
Sec. 19-1. 

Classes of Amplifier Operation. — In the am-
plifier we have been studying so far, the plate 
current was never completely cut off, and the grid 
was never permitted to swing positive. This 
manner of operatingthe tube is known as Class A 1 
operation. If grid current is permitted on the 
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positive peaks of the signal, but plate current 
flows throughout the entire cycle, the operation 
is Class A,. 

It is possible, by changing the bias voltage, 
to cause the plate current to be cut off completely 
during part of the cycle, thus: 

dynamic 

transfer 

characteristic 

Fig. 19-58 19-58 

Here the the tube is biased to cut-off. The signal 
swings the grid above and below the bias voltage. 
When the bias voltage is set to coincide with the 
cut-off voltage, the plate current flows only 
during half of each cycle. This is Class B oper-
ation. If the bias voltage is made greater than 
cut-off, the plate current flows for less than half 
of each cycle, and the operation is Class C. When 
the current flows for more than half of each cycle, 
but less than the full cycle, the operation is 
Class AB. The numeral " 1" following any of 
these designations indicates that no grid current 
flows at any time. The numeral "2" indicatesthat 
grid current does flow part of the time. 

It is clear from our previous discussion that 
any amplifier operating Class AB, B or C will 
contain appreciable distortion in its output. 

Push-Pull Amplifier. — Audio and video am-
plifiers nearly always are operated as Class A. 
An exception is a push-pull audio amplifier. Two 
tubes are used, each operating Class B or Class 
AB, in the circuit shown in Fig. 19-59. 

The signal is applied to the two grids through 
a center-tapped transformer T1, in a manner 
similar to the full-wave rectifier shown in Fig. 19-
17. When the grid of V1 goes more positive (or 
less negative), its plate current increases. At the 
same time, the V2 grid becomes more negative, 
and the tube is cut off. On the second half-cycle, 
the process is reversed, the V2 current increasing 
while V1 cuts off. But the current pulses of both 
tubes flow in the primary coil of the output trans-
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Fig. 19-59 

former, T2, so that the voltage induced in the T2 
secondary is substantially a sine wave. 

This circuit has two main advantages. First, 
it gives more than double the output power ob-
tainable from one tube. Second, its output contains 
very little distortion. This is because the second 
and all even harmonics generated in the tubes 

balance each other in the T, primary, and flow in 
the plate supply, thus completely eliminating even 
harmonic frequencies from the output. 

Tuned Loads. — In a properly designed and 
adjusted Class A amplifier, harmonic generation 
can usually be kept low enough that it does not 
noticeably affect the output signal. But if the 
plate current flows for appreciably less than a 
full cycle, as in Class B or C operation, some 
means must be used to remove the harmonic dis-
tortion from the output. Second harmonics, as we 
have stated, can be removed by connecting two 
tubes in push-pull. But this, of course, won't 
work for a single tube amplifier. 

We have assumed so far that an amplifier is 
expected to pass as wide a band of signal fre-

quencies as possible. This is not always the 
case. If the signal frequency is in the r-f range, 
it is usually desired to pass only a relatively 
narrow band of frequencies above and below a 
fixed frequency. For instance, an i-f amplifier in 
a broadcast radio receiver might be expected to 
pass a band only 5 kc above and below a signal 
frequency of 700 kc. How can the amplifier be 
made to suppress all frequencies outside the 
desired band? With a tuned circuit, of course. A 

parallel resonant circuit can be substituted for the 
load resistor RL, as in Fig. 19-60. 

Suppose the signal frequency is 700 kc. If the 
amplifier operates Class AB, B or C, the plate 

2 
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e„ 

Fig. 19-60 

current will contain a large component of 1400 kc, 
and somewhat snaller components of 2100, 2800, 
etc. However, the load is the tank circuit, which is 
tuned to 700 kc. At this frequency it is a high 
resistive impedance, so a sizeable amplitude of 
700 kc voltage is developed across it. At 1400 kc, 
however, the tank impedance is only a small 
fraction of its impedance at 700 kc. Accordingly, 
only a negligible amount of 1400 kc voltage 

appears across it. Thus the voltage across the 
tank is substantially sinusoidal, with a frequency 
of 700 kc. The second and all higher harmonics 
are " tuned out" by the tank circuit. 

Summary. — The important things to remember 
about amplifiers are as follows: 

1. The gain of a single stage amplifier is given by 
(r RL ). 

2. The gain of a multistase amplifier is the product 
of the gains of the individual stages. 

3. Bias voltage may be obtained from the tube itself 
by inserting a resistor in the cathode circuit, or, if 
grid current flows, in the grid circuit. In either case, 
a-c must be by-passed around the bias resistor by 
means of a condenser. 

4. Four methods of interstage coupling are available: 
(a) direct coupling; ( b) RC coupling; ( c) impedance 
coupling; and (d) transformer coupling. 

5. The sain of any amplifier falls off at high fre-
quencies, and the gain of any except a direct 
coupled amplifier falls off at very low frequencies. 
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6. Whenever the dynamic transfer characteristic is 
curved or sharply bent within the range of operation, 
the output waveform is different from the input 
waveform. This is distortion. 

7. Whenever distortion is present, the output contains 
new frequencies that were not present in the input. 

8. Amplifier operation is classed as A, AB, B or C, 
according to the fraction of the signal cycle during 
which plate current flows. Most audio and video 
amplifiers are Class A. 

9. Push-pull amplifiers are used because they deliver 
large output power with a minimum of distortion. 

10. Parallel tuned circuits are used in place of a load 
resistance when it is desired to amplify only a 
relatively narrow band of frequencies. 

OSCILLATORS 

19-8. An oscillator has been described as "an 
amplifier with its tail in its mouth". The reason 
for this description will become apparent in a 
moment. The function of any oscillator is to 
develop a varying output voltage or current when 
supplied only with steady d-c input voltage. It 
must usually sustain these variations without the 
help of any external signal. Finally, the frequency 
and waveform of its output are usually required 
to conform to some fixed standard. Let's see how 
a triode amplifier can be made to satisfy these 
requirements. 

There are many kinds of oscillator circuits. 
They differ in t he tubes used, t he external circuits, 
and the waveform and frequency of the output. In 
this section we can present only a very few basic 
types to illustrate the principles involved. Various 
specific oscillators used in television receivers 
will be explained more thoroughly in later 
Lessons. 

Feedback. — All oscillators work because of 
the amplifying ability of the tube. Suppose we 
have a simple triode amplifier with a gain of 12. 
Thus with a 1 volt a-c signal on the grid, we get 
12 volts across the load. Crdinarily, we would 
use the whole 12 volts to operate the next stage. 
But suppose we could take part of this output 
signal — say 1 volt — and lead it back to the grid. 
This voltage would be amplified, just like the 
external signal. In fact, we could remove the ex-
ternal signal, so that the only signal applied to 
the grid is that taken, or fed back, from the out-
put. The amplifier won't know the difference, and 
will go on amplifying its own output voltage. An 
illustration of an actual circuit will make this 
clear. Look at Fig. 19-61. 

With the switch S in the position shown, we 
have an amplifier in which the load is a parallel 
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Fig. 19-61 

LC circuit tuned to the frequency of the signal 
voltage, Es. At this frequency, there will be a 
sinusoidal current flowing in the inductance LI. 
Let us suppose that the mutual inductance be-
tween L1 and L, is such that the a-c voltage E2, 
induced in I- 2, has a value exactly equal to E. 
Therefore the potential of point D at every instant 
will be exactly the same as that of K. 

Now we suddenly move the switch to position 2, 
which is at the same potential as D and K. In 
doing so, we have substituted the voltage E, for 
E. But the tube can't see this, so it amplifies 
E2 instead. Es is now out of the circuit altogether, 
but an alternating current is still flowing in L1, 
at the same frequency as before. Some of its 
energy is fed back to the grid t hrough the magnetic 
field linking Li and L2, thus continuing to supply 
a signal voltage just as before. The amplifier is 
now an oscillator, generating its own signal con-
tinuously. 

Actually, it is not necessary to start with E 
at all. If L2 is connected between cathode ana 
grid as shown, then oscillations will start in the 
tank circuit as soon as the plate supply is turned 
on. It is important, however, that the polarity of 
E2 be such that it makes the grid more positive 
when the current in L1 is increasing. This is 
called positive feedback. If the leads from L, 
were reversed, then as soon as the tank current 
started to increase, the grid would go negative, 
reducing the plate current and choking off os-
cillations. Such a connection would constitute 
negative feedback. 

The frequency of the oscillator is controlled 
by the resonant frequency of the tank circuit. The 
amplitude of the output depends on the gain of 
the tube and its load, viewed as an amplifier, and 
on the amount of energy fed back to the grid. The 
latter depends on the mutual inductance between 
Li and L,. 
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Essentials of an Oscillator.— All oscillators 
work because in some way a part of the output 
energy is fed back to the grid circuit. Thus the 
feedback network is one of the essentials of an 
oscillator. The others are (2) a vacuum tube to 
amplify the feedback voltage; (3) a frequency 
controlling circuit; and, of course, (4) a source 
of d-c power, and ( 5) a means of extracting the 
output energy (the part of it that is not fed back 

to the grid) so as to put it to work. 

The feedback network is, of course, the feature 
that distinguishes an oscillator from an amplifier. 
It can be almost any form of impedance that is 
common to the plate and grid circuits, thus: 

Fig. 19-62 
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In the example we presented above (which is 
called a tuned plate oscillator) this common im-
pedance was the mutual inductance between the 
coils, Lt and L2. There are many other ways, 
however, in which the required feedback may be 
obtained. It can even consist only of the inter-
electrode capacitance between the plate and grid 
of the tube. 

The requirements of the feedback network are 
simple. First, it must feed back a sufficient 
fraction of the output. Second, it must apply the 
feedback voltage to the grid in such phase that it 
tends to sustain, not oppose, the oscillations; 
that is, it must drive the grid more positive when 
the plate current is increasing. Since the plate 
and grid in an amplifier are 180° out of phase 
with each other (as shown in Fig. 19-49), this 
means that the phase of the feedback voltage 
must be reversed in the feedback network. It is 
not necessary that this phase shift be exactly 
180°, but it should be nearly so. 

The oscillator frequency is often determined 
by one or more tuned circuits. This is nearly 
always the case when the output waveform de-
sired is a sine wave. ( It is also possible tocontrol 
the frequency of a sine wave oscillator with 
certain RC circuits, but these are a little toc 
complicated for treatment here, and are not en-
countered in TV receivers.) In certain other 
cases, such as any of several oscillators generating 
square waves or sawtooth waves of voltage, the 
frequency is determined by the time constants of 

RC circuits. These constitute a special class of 
oscillators known as relaxation oscillators, which 
are not considered in this discussion of feedback 
oscillators. 

The Hartley Oscillator. — A common oscillator 
circuit is like this: 

choke 

Fig. 19-63 

The d-c component of the plate current flows 
through the choke and plate supply, while the a-c 
component flows through the coupling condenser 
Cc and the right-hand part of the coil L (designated 
as L in the figure). This alternating current 
produces an a-c voltage across Lp, which is 
applied across the series combination of C and 
L g . Thus there is an a-c voltage across the 
entire inductance L. But since this same voltage 
appears across C, L and C are a parallel resonant 
circuit, which determines the frequency of the os-
cillator. 

The voltage across L places an a-c voltage 
on the grid, which is amiglified and fed back. Rg 
and C are the grid leak and grid condenser. 
Connected as shown, they form a grid biasing 
arrangement. Their function here is to facilitate 
the starting of oscillations, and to maintain a 
constant amplitude of output voltage. (The grid 
condenser also serves as a coupling condenser, 
through which the feedback voltage is applied to 
the grid.) You will recall that with grid bias, the 
grid is made ira-e negative as the signal amplitude 
is increased. When the oscillator is first turned 
on, there is no grid voltage, and therefore no 
bias. The plate current therefore builds up quickly. 
As soon as this happens, grid current flows, 
applying a negative bias to the grid, and limiting 
the amplitude of the a-c plate current component. 

To use the oscillator output, another coil LR 
is coupled magnetically toL. Any variation in the 
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load current in LR induces voltages back into L, 
causing the feed-back voltage to change. But if 
this voltage is reduced, the grid bias circuit 
permits the grid to become less negative, thus 
increasing the a-c plate current, and tending to 
restore the output voltage to its original amplitude. 

TETRODES,PENTODES AND OTHER TUBES 

19-9. Although all cutting tools work on the 
same principle, there is a considerable difference 
between a chisel and a band saw. One works 
better in one application, one in another. Similarly, 
all vacuum tubes work on the principles already 
explained. But refinements have been introduced 
from time to time over the last thirty years, all 
designed to improve on the performance of the 
triode in special applications. This section will 
discuss very briefly some of these refinements. 

The Tetrode. — We have mentioned the capac-
itance between the cathode and grid of a triode, 
and shown that at high frequencies it greatly 
affects the response of an amplifier. There is 
also capacitance between the grid and plate, 
which has a similar effect at high frequencies. 
The grid-plate capacitance has the f urther a nnoying 
trait of providing a high frequency feedback path 
between plate and grid, thus sometimes causing 
a triode to oscillate when it isn't supposed to. 

The tetrode was developed in an effort to over-
come the effects of the grid-plate capacitance. A 
second grid (called the screen, or screen grid) is 
inserted between the grid and plate, and kept at a 
fixed potential, usually slightly less than the 
plate potential. Gne of its effects is to act as a 
screen, reducing the alternating electric field 
between grid and plate, and thus practically 
eliminating the capacitive coupling between them. 
We'll try to explain this presently. Meanwhile, 
let's examine a map of the interelectrode fields 
in the tetrode: 

Fig. 19-64 
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The field due to the plate voltage exists 
almost entirely between the plate and screen. It 
will be noted that the influence of the plate volt-
age does not extend to the cathode, where the 
plate current electrons originate. Therefore, 
variations in plate voltage have almost noeffect 
on the plate current. (We'll qualify this statement 
presently for the special condition when the 
plate voltage is less than the screen voltage.) 

Before we go further, let's clear up a point 
that may bother you. You will note that no field 
lines are shown extending from the cathode to the 
plate— they all terminate onthe screen. This does 
not mean that all the electrons go to the screen 
instead of the plate. Remember that the fieldlines 
represent the direction of the force on an electron, 
but not necessarily the direction in which it 
moves. To understand this distinction, consider a 
baseball thrown in a horizontal direction. As soon 
as it leaves your hand, it is acted on by only two 
forces: ( 1) gravity, which tends to force it down, 
and (2) air friction, which tends to slow it up, 
whatever its direction of motion. In spite of these 
two forces, the ball will travel a long way hori-
zontally, due to the initial velocity given it by 
your throwing arm, before it slows down appre-
ciably or falls to the ground. 

An electron emitted from the cathode at point A 
will encounter a retarding field set up by the 
negative grid voltage. Since its emission velocity 
is nearly zero, it is forced backtoward the cathode, 
just as in a triode. An electron emitted at point B, 
however, encounters a field that starts it toward 
the plate, roughly in a path indicated by the 
broken line. Acted on by the force of the field, it 
is accelerated so that by the time it reaches 
point C it is moving at high speed. It is travelling 
so fast that it goes right past point C, in spite of 
the force at that point tending to swerve it toward 
the screen wire. This electron could continue on 
to the plate even if there were no field between 
the screen and plate, due entirely to its plate-
directed velocity at point C. When it reaches 
point V, however, it encounters a field propelling 
it toward the plate. Its effect is to increase the 
velocity of the electron. 

Naturally, some of the electrons will actually 

strike the screen wires, and some screen current 
will flow. But most of them will go right on to the 
plate, since the spaces between the screen wires 
are a lot bigger than the wires themselves . This 
will be true even if the plate voltage is less than 
the screen voltage, though a larger proportion of 
the electrons will then reach the screen. Under 
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this condition, the field distribution would be 
like this: 

Fig. 19-65 
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Notice that the only thing that is different from 
Fig. 19-64 is the direction of the field between 
the screen and plate. Between points B and C 
the force on an electron would be the same as 
before. Hence it would have the same speed at 
point C as when the plate potential was 120 volts 
instead of 80. Now what happens whenthe electron 
reaches point D? It encounters a retarding field. 
But, unlike an electron at the cathode, its velocity 
at C is so high that it goes right on to the plate 
anyway, just as the baseball continued to move 
through the air in spite of the retarding effect of 
the air friction. The effect of the retarding field 
between screen and plate is merely to slow down 
the electron, not to stop it. 

In order to understand why this field is in-
sufficient to stop the electron, it is necessary to 
realize that the velocity of a moving electron at 
any point in an electric field depends only on the 
potential difference between that point and the 
point of emission. Hence, reducing the plate 
voltage merely reduces the speed of the electrons 
when they reach the plate — it does not prevent 
their arrival. If we wanted to prevent an electron 
from getting to the plate, once it had reached 
point D, we would have to make the plate voltage 
slightly negative with respect to the cathode. 

Tetrode Characteristics. — We have stated that 
if the plate voltage is greater than the screen 
voltage, the plate current is little affected by 
changes in the plate voltage. We would therefore 
expect the plate characteristic curves of a tetrode 
to be nearly horizontal. Such is the case, as the 
following plate characteristics of atypical tetrode 
show. See Fig. 19-66. 

The curves also show a remarkable fact . When 
the plate voltage is reduced to a value near the 
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screen voltage, or less, the plate current falls off 
rapidly. This we might expect, because of the 
stronger field near the screen wires under this 
condition. But when the plate voltage is further 
reduced, the plate current can actually become 
negative. This means, of course, that electrons 
are flowing away from the plate, inside the tube, 
instead of toward it. Finally, a further reduction 
of plate voltage results in an increase in the 
plate current. Our next topic will explain this 
screwball behavior, as well as the broken curves 
marked " screen current". 

Secondary Emission. — Thermionic emission 
is only one of several ways in which electrons 
can be freed from the surface of metals. If an 
electron strikes a metal at high velocity, it can 
knock out of the metal one or more secondary elec-
trons, just as if you throw a stone with sufficient 
force into an apple tree, you can often knock down 
one or more apples. The plate c urrent electrons in a 
vacuum tube arrive at the plate at very high 
velocity. When they strike the plate, they cause 
the secondary emission of a certain number of 
electrons. 

In the case of the diode and triode, secondary 
emission causes no complications, because the 
electric field near the plate is in a direction to 

propel these secondary electrons right back to the 
plate where they came from. Thus the average 
number electrons reaching the plate each second 
is the same as though there were no secondary 
emission. But Fig. 19-65 shows that in a tetrode, 
if the screen voltage is higher than the plate volt-
age, the field near the plate will propel electrons 
away from the plate, toward the screen. (Recall 
that, unlike the electrons arriving from the cathode, 
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Fig. 19-67 

the secondary electrons do not have a high ve-
locity at the plate.) This tends to reduce the 
plate current, and increase the screen current, 
as the plate voltage is reduced. If each primary 
electron, on the average, knocks off more than 
one secondary electron, more electrons will leave 
the plate than arrive there, and the plate current 
then reverses direction. In some tetrodes, the 
average number of secondary electrons is less 
than one for each primary electron. The plate 
current does not, in such cases, actually become 
negative. But the characteristic curves of all 
tetrodes exhibit to some degree the reverse bend 
shown in Fig. 19-66. 

This strange behavior, in most applications, 
is highly undesirable. Efforts to overcome the 
effect of secondary emission at the plate led to 
the development of two other tube types — the 
pentode and the beam power tube. 

Effect of Screen on Grid-Plate Capacitive 
Coupling. — The most undesirable effect of capac-
itive coupling between plate and grid is that high 
frequency variations in plate voltage cause 
variations in the field strength in the neighborhood 
of the grid, and thus induce a-c voltages between 
grid and cathode, in addition to the grid voltage 
changes produced by the grid signal. This capac-
itive coupling constitutes a feedback path from 
plate to grid, as we noted earlier. 

Now compare Figs. 19-64 and 19-65. As shown 
therein, a change of plate voltage affects sub-
stantially only the field between screen and plate. 
The field strength in the region of the grid is 
practically unaffected by the plate variations, and 
hence virtually no capacitive coupling between 
plate and grid exists. This shielding effect of the 
screen, so far as a-c is concerned, is greatly 
aided by the screen by-pass condenser usually 
employed with tetrodes, thus: 

84. 

The condenser Cs by-passes the a-c component 
of the screen current to ground, placing point S 

practically at a-c ground potential. This means 
that no a-c voltage exists between S and K, no 
matter how the potential of point P varies. Hence 
the plate voltage variations can have no effect 
on the grid. 

Another way of looking at it is like this: 

Fig. 19-68 

In (a) we have represented the interelectrode 
capacitance of a triode by broken lines. The a-c 
voltage between plate and cathode is effectively 
applied across C p and Ck in series. They act 
as an a-c voltage g divider, 5eveloping a voltage 
from cathode to grid that is in addition to any ex-
ternal signal applied to the grid. In ( b) we see 
the corresponding condition for the tetrode . Again 
the a-c voltage from cathode to plate appears 
across a capacitive voltage divider. But Cs is so 
much greater than C (and its reactance there-
fore so much less) triát substantially all of ekp 
appears across C and almost none across C. 
This very small a-c voltage, eks is across another 
capacitive voltage divider — Ck and Cgs — and 
an even smaller fraction of the plate voltage, 
therefore, appears between cathode and grid. 

The Pentode. — The effects of secondary 
emission at the plate are overcome very simply 
in the pentode. A third grid (fifth electrode) is 
inserted between the screen and plate. It is 
connected, either inside the tube or through 
the external circuit, directly to the cathode. It is 
called the suppressor grid, because it effectively 
suppresses the secondary electrons, preventing 
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them from reaching the screen. A quick glance at 
the interelectrode field will wake this clear: 

Fig. 19-69 
Ov 

G 
-20v +150v .200v 

Secondary electrons knocked out of the plate 
now encounter a strong retarding field, which 
forces them back to the plate. But electroas 
moving from the cathode region are not prevented 
from reaching the plate, because of their high 
velocity. Up to the moment it reaches the region 
of the screen, an electron from the cathode ex-
periences forces exactly like those of the tetrode. 
But as soon as it passes between the screen 
wires, it encounters a retarding field. This field 
slows the electrons down in this region, but it 
does not stop them. As they pass between the 
suppressor wires, they are again propelled toward 
the plate, and arrive there with a high velocity 
that depends only on the plate potential. 

Pentode Characteristics. — The plate charac-
teristics of a typical pentode look like this: 
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Note that as long as the plate voltage does 
not fall below a certain value, the plate current 
is nearly unchanged by even large changes in 
plate voltage. This is indicated by the nearly 
horizontal form that the plate current curves take. 
But there is no dip in the curves at low plate 
voltages, as there was in the tetrode curves. 

Constants of a Pentode. — The amplification 
factor, transconductance and plate resistance of 
a pentode can be found graphically from the char-
acteristic curves in much the same way as we 
explained for a triode. However, because large 
changes of plate voltage cause such small changes 
in plate current, it is difficult to read the curves 
precisely enough to get an accurate value of r. 
However, you can easily find ji and grn from the 
curves, and then use the relation: 

ji 

g rn 

The p and r of a pentode generally are much 
P  higher than for a triode. For instance, the 6SJ7, 

whose characteristics are given in Fig. 19-70, has 
a p. of 1100, and a plate resistance of 700 K. The 
same tube, connected as a triode (that is, with 
screen and suppressor connected to the plate>, 
has a ji of only 19 and a plate resistance of about 
8 K. The reasons for this great difference are not 
simple, but are concerned with the geometry of 
the tube itself, and of the interelectrode fields. 

Pentode Load Line. — The dynamic operation 
of a pentode may be examined in the same way 
as for a triode, by constructing the load line on 
the plate characteristics. Note however, that the 
magnitude of the load resistance makes a big 
difference in the amount of distortion of its signal. 
The reason for this is apparent in the following 
figure: 
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If we set the bias voltage at -2 volts, with a 

20 K load resistance, a signal of 2 volts peak 
value will swing the plate current about equal 
amounts above and below the quiescent value. But 
if we increase the load to 40 K, and keep the bias 
and signal the same, the plate current will swing 
about three times as far below the Q point as it 
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does above. This, of course, results in excessive 
distortion. 

This raises a difficulty. For high gain, remember, 
we want a high value of load resistance. We can 
increase the gain without appreciable increase 
in distortion, however, if we change the bias 
voltage and keept he signal amplitude fairly small. 
Thus, if we use a load of 120 K, and increase the 
bias to about 4.5 volts negative, we can get 
reasonably linear operation with a grid signal of 
about 1.5 volts (peak value). It works out that we 
get a greater voltage output with the smaller 
signal and larger loadresistance than vice versa. 

Pentode as a "Constant Current" Source. — 
The fact that the plate resistance of a pentode is 
very high, accounts for the fact that the pentode 
is sometimes referred to as a constant current 
source of a-c. If we draw the diagram of the a-c 
equivalent circuit of a pentode, as we did in 
Fig. 19-49, we would usually find that the plate 
resistance is very much larger than the load re-
sistance. So far as the a-c is concerned, the plate 
resistance behaves like the generator resistance 
that we talked about in Lesson 18. Since it is 
so much greater than the load resistance, changes 
in the latter have very little effect on the amplitude 
of the plate current. The tube, therefore, delivers 
a nearly constant amount of alternating current 
to a load, regardless of variation in the magnitude 
of the load impedance. 

This characteristic of the pentode means that 
it is well adapted to use as an r-f amplifier, 
feeding into a parallel tuned circuit as a load, or 
into a double-tuned r-f transformer. This circuit, 
you will recall, was discussed in Lesson 18. It 
is a common pentode application in radio receiver 
i-f circuits, where sharp selectivity is desired. 

Variable Mu Tubes. — In certain applications, 
it is desirable that an amplifier should provide 
greater amplification when the bias voltage is 
small than when the bias is large. One such 
application is a tube whose bias voltage is auto-
matically varied in accordance with changes in 
the amplitude of the signal, as by the AVC circuit 
of a radio receiver or the AGC in a TV receiver. 

Pentodes with a variable are made by con-
structing the grid so there are wider spaces 
between the grid wires at some points than at 
others, as shown in Fig. 19-72. 

With a small negative voltage on the grid, 
electrons from the ends of the cathode are blocked 
by the retarding field of the grid only near its 

(a) 

lb 

vortoble 
tube 

sharp cutoff 
tube 

(b) 

Fig. 19-72 

ends, where the wires are close together, but can 
still get through to the plate from the center of 
the cathode. 

As the grid voltage becomes more negative, 
more and more turns of the grid wire are able to 
cut off the flow of electrons between the wires, 
until finally the plate current is completely cut 
off. This results in a dynamic transfer charac-
teristic as shown by the solid curve in Fig. 19-72 
(b). The gain of the amplifier is indicated by the 
steepness of this curve, which varies greatly as 
shown. For comparison, the corresponding char-
acteristic of an ordinary, or sharp cutoff, pentode 
is shown by the broken line. Because it takes a 
larger grid bias voltage to cut off a variable mu 
tube completely, this type of tube is also called 
a remote cutoff pentode. 

Since the transfer characteristic of a variable 
mu tube is so curved, it is clear that the signal 
amplitude must be kept quite small in order to 
avoid large distortion. This is not really much of 
a problem, however, since such tubes are usually 
used as the first of several stages of amplification; 
and they are usually used as r-f amplifiers feeding 
into tuned loads, which can remove the distortion 
frequencies anyway. 

Beam Power Tubes. — One disadvantage of a 
pentode is that, although large amplification of 
voltage is obtained, the plate current is small, 
and the power output is therefore low. A special 
type of tube has been developed that has many of 
the advantages of the tetrode and pentode, but 
delivers much greater a-c power. 

The beam power tube is actually a tetrode, 
and is so represented in schematic diagrams, but 
the structure of the electrodes differs from that in 
an ordinary tetrode. The effects of secondary 
emission are overcome in a different way than in 
the pentode. Recall that the space charge in any 
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tube sets up a retarding field, simply because ir. 
is a dense cloud of negative charges. In the beam 
power tube, the plate current electrons are con-
centrated in a beam directed at a small portion 
of the plate. Near the surface of the plate, the 
electron density is thus made very large, and the 
electrons themselves set up a field t hat suppresses 
the passage of secondary electrons to the screen 
in the same way that the suppressor does in a 
pentode . The structure of a beam power tube is 
like this: 

SEAM-CONFINING 
ELECTRODE 

CATHODE 

GRID 

SCREEN 

Fig. 19-73 

PLATE 

The plate characteristics of a beam power tube 
are much like those of a pentode, except that the 
plate current can go as high as several hundred 
milliamperes, instead of 10 or 15 ma. in most 
pentodes. They are used in the output stage of a 
circuit, supplying the required power to operate 
some reproducing device, such as a loud speaker. 

Multigrid Tubes. — Strictly, anytube with three 
or more electrodes is a multigrid tube. As we are 
using the term, we mean a tube having more than 
five electrodes. Tubes are made with as many as 
six grids (eight e lectrodes) for certain a pplications 

One common type is the hexode, used as a 
mixer tube. Essentially, this is a pentode, plus 
a second control grid. Two different signals are 

applied to the two control grids — such as a received 
radio signal, and the output of a local oscillator. 
The tube mixes the two, and because of the non-
linearity of its characteristic, develops new 
frequencies. Among these are the difference 
between the two applied frequencies. This differ-
ence frequency, in a radio receiver, is the inter-
mediate frequency, or i-f. 

The pentagrid converter has five grids (seven 
electrodes). It combines the functions of an os-
cillator and a mixer in one tube. A pentagrid con-
verter and a hex ode are represented schematically 
like this: 
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pentogrid 

converter 

Multipurpose Tubes. — Remember when the 
quality of a radio receiver was judged (by the 
customers, at least) by the number of tubes it 
contained? Later on, the industry found that often 
one tube could be made to serve two or more 
purposes, just by putting two independent sets 
of electrodes inside the same envelope. This 
resulted in fewer tubes, lower manufacturing costs, 
and sometimes better performance. 

It is now common practice to use tubes that 
combine two or more functions. There are many 
combinations available. Some of them are repre-
sented schematically in Fig. 19-75. 

twin diode 

mode 

twin diode•triode 

twin diode -pentode 

Fig. 19-75 

fun wove rectifier 

trope - neptode 

Double diodes can be used as full wave recti-
fiers, in place of two separate diodes. They are 
made with separate cathodes for the two plates, 
or with a common cathode. Diode-triodes are often 
used in radio receivers for the second detector 
and audio amplifier . The addition of a second 
diode plate provides a source of AVC voltage, 
thus combining in one envelope the functions of 
three separate tubes. 
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There is no point in enumerating the uses of 
the multi-purpose tubes. The main point to re-
member is that each set of electrodes in such 
tubes works on exactly the same principles, and 
in the same way, as though they were enclosed 
in a separate envelope of their very own. If you 
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have absorbed the general principles of tube 
operation presented in this lesson, you are now 
equipped to follow the explanations of specific 
TV receiver circuits to corne in later Lessons, no 
matter how complicated the tubes may look when 
you first see them on the schematic. 

GLOSSARY OF ABBREVIATIONS USED FOR VACUUM TUBE CIRCUITS 

Coupling condenser 
Grid condenser 
Interelectrode capacticance between grid and 
cathode 
Interelectrode capacitance between grid and 
plate. 
Interelectrode capacitance between grid and 
screen 
Cathode by-pass condenser 
Interelectrode capacitance between plate and 
cathode 
Screen by-pass condenser 
Interelectrode capacitance between screen and 
plate 
D-c voltage between cathode and plate 
Instantaneous voltage between cathode and 
plate 
Plate, or B+, supply voltage 
Quiescent plate voltage 
D-c voltage between cathode and grid 

e Instantaneous voltage between cathode and grid 
Eccc Grid bias supply voltage 
E Rms value of a-c component of grid voltage 
g (grid signal) 
e Instantaneous value of grid signal voltage 
2  gm Maximum value of grid signal voltage 
Eo Rms value of output voltage 
eo Instantaneous value of output voltage 
E Rms value of a-c component of plate voltage 
e Instantaneous value of a-c component of plate 
P voltage 

E.Pm Maximum value of a-c component of pla te voltage 
ERL Rms voltage drop across load resistor 

eRL 
Es 
e 

grn 

ls 
b 

ibo 

.p 

IPrn 

Rb 

Rg 
Rk 

Insf:antaneous voltage drop across load resistor 
Rms signal voltage 
Instantaneous signal voltage 
Control grid 
Transconductance 
Screen grid 
D-c value of plate current 
Instantaneous plate current 
Quiescent plate current 
D-c value of grid current 
Instantaneous grid current 
Rms value of a-c.component of plate current 
Instantaneous value of a-c component of plate 
current 
Maximum value of a-c component of plate current 
Cathode 
Grid coil 
Plate coil 
Plate 
D-c plate resistance 
Grid resistor 
Cathode resistor 
Load resistor 
A-c plate resistance 
Amplification factor 
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THE FUNCTION OF TRANSM I SS ION L INES 

20-1. You already have a pretty good hand-
shaking acquaintance with transmission lines, as 
used in practical television receiving installa-
tions. Now it's time to dig into the how and why 
of their operation, design, and manufacture, for 
such knowledge will increase your ability to lick 
the tougher problems, and add to your understand-
ing of all sorts of radio phenomena. But before 
we narrow our study down to just the kind of 
transmission lines you come up against in your 
daily work, its a good idea to rear back and see 
what the general idea of an electrical transmission 
line is all about, and how radio frequency trans-
mission lines fit into the general picture. 

First off, the term "transmission line" refers 
to practically any set of conductors and their 
associated insulators and supports, that are used 
to convey some kind of electrical energy from one 
place to another. That big line of steel towers 
supporting the heavy cables you see stretching 
from the power dam in the hills to the city is a 
transmission line, just as truly as a length of 

twin lead is. However, there is an important 
difference in the kind of electrical energy they 
carry, which has so much bearing on the way they 
operate that we'd better tackle it right here. 
Aside from occasional r-f carrier current communi-
cation carried on over the big power transmission 
lines, the energy they carry is always at some 
very low frequency, such as 25, 50 or 60 cycles 
per second, the latter by far the most common. 

The wave length of such a low frequency 
alternating current is about 3100 miles, which 
means that all practical power lines currently in 
use are only a small fraction of a wave length 
long at their operating frequency. As you will 
soon see, this is fundamentally different from the 
situation in practically all radio transmission 
lines, and for that reason we can drop any further 
consideration of power transmission lines, as 
they do not illustrate the important principles we 
must understand in radio work. But don't forget. 
why we can do this. 

The Need For Transmission Lines. — Man's 
advancing technologies have solved many prob-
lems more or less satisfactorily, and one of these 
is the matter of getting electrical energy from one 
place to another with reasonable efficiency. The 
transmission line is the gadget that makes this 
possible, and its worth while to remember that 
carrying some relatively weak currents of high 
frequency electrical energy from one place to 
another is really about all we want our radio 
transmission lines to do. True, in radio and tele-
vision we're mostly interested in the intelligence 
conveyed by the variations in these smell h-f 
electrical currents, rather than the total amount 
of energy. But we have to have the h-f energy to 
carry the intelligence, as you learned in Lesson 
1, and elsewhere in this Course. 

As these lines are written, television is one 
of the newest and fastest growing technologies. 
The problem of conveying the h-f electrical energy 
that is the television signal exists in many 
places, in both the transmitting and receiving 
ends of the system. Indeed, to be strictly accu-
rate, we might say that from the instant the light 
from the scene televised produces an electrical 
signal output from the television camera tube, the 
problem becomes one of making the signal strong 
enough to operate tne thousands of receivers in 
the surrounding area, and getting it to them un-
altered in character. 

Between the transmitting antenna and the re-
ceiving antennas, the signal is carried by electro-
magnetic waves radiated outward from the trans-
mitting antenna. This is actually an extremely 
inefficient way to get the signal from one place 
to another, if we consider merely the ratio of 
transmitted power to the power actually picked 
up by all the receiving antennas. By far the larger 
part of the signal energy radiated from the trans-
nutting antenna goes merrily on its way, passing 
between or over the receiving antennas. Only 
that part of the radiated energy which actually 
generates current in a receiving antenna is really 
doing what we want it to do, and the rest is 
wasted, so far as any desired effect is concerned. 
Unfortunately, there doesn't seem to be any better 
way to solve this problem, at least not at present. 
Nobody knows where the next television set will 
be installed, or the next thousand, or million, so 
the radiated energy has to blanket the whole area, 
ready to generate a signal voltage in each new 
antenna when it is erected. 
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Energy Losses in Transmission Lines. — How-
ever, when we want to get the r-f energy from one 
particular place to another particular place, and 
not spread it around every which way, there's a 
less wasteful way of doing the job. Instead of 
using our r-f current to generate an electromag-
netic wave and radiating it out in all directions 
from an antenna, we can send it along a system 
of electrical conductors. That way, the only 
serious losses are those due to resistance in the 
line conductors and internal losses in the di-
electric materials that support and insulate the 
conductors from each other. These losses can be 
kept low by proper choice of conductors and di-
electric materials, and suitable physical arrange-
ment of them. Which brings us to the matter of the 
electrical laws and principles that govern the 
design, manufacture, and operation of the lines 
we use in television work. And right here is as 
good a place as any to mention two characteristics 
of a-c electricity that have a profound effect on 
the design of transmission lines. These are as 
follows: 

1. For a given conductor, the ohmic resistance in-
creases as the applied a-c frequency increases, be-
cause of skin effect. We'll deal with this effect 
in detail later in the Lesson. 

2. The electrical losses in dielectrical materials also 
increase with increasing frequency. This effect will 
also be treated in detail later in the Lesson. 

These two effects become so serious at the 
«frequencies used in television and many types of 
radio communication that special materials and 
designs are necessary if the electrical efficiency 
is to be high. As an example, rubber is a very 
good insulator for d-c, or at a-c frequencies up to 
100 kc or so, but becomes progressively worse as 

the frequency is increased. At the frequencies 
used for television broadcasting its internal 
losses are so high that it is practically useless, 
which is one of several reasons why ordinary 
lamp cord won't do for television transmission 
lines. In fact, these two effects become so great 
as the frequency increases that only a few ma-
terials are satisfactory for use above 8 or 10 mc, 
if the lowest possible loss of r-f energy is im-
portant. 

What Is a Transmission Line? — Right here 
we may as well put down a definition for a trans-
mission line, as we will use the term in tele-
vision and radio work in this course. A trans-
mission line is a system of electrical conductors 
with uniformly distributed characteristics, de-
signed to conduct radio frequency energy with as 

Fig. 20-1 

little loss or alteration of characteristics as is 
practicable. This definition is not one that will 
send heads of University E.E. Departments into 
transports of joy, but it will serve our purpose 
here, so We'll use it. 

Consider first the part of the definition that 
says "with uniformly distributed characteristics." 
That means that the properties common to all 
electrical conductors, namely inductance, capaci-
tance, and resistance, are evenly spread along 
the length of the system. Thus,any small section 
of the line (say an inch) cut from one part would 
show exactly the same amount of these properties 
as an equal sized section cut from another part. 
And of course, that would be true for equal sec-
tions of any other length, taken from any part of 
the line. This matter of uniformly distributed pro-
perties is extremely important in considering 
transmission lines, for it is upon this uniform 
distribution that the proper function of the line 
depends. Indeed, it is what makes such lines 
fundamentally different from just any haphazard 
arrangement of wires, and from electrical circuits 
composed of lumped units of inductance, capaci-
tance and resistance. 

Comparison of Line and Antenna. — You'll 
remember that in Lesson 6 and elsewhere it was 
brought out that the main purpose of an antenna 
was to couple onto the rest of the universe elec-
tromagnetically, either in order to radiate (trans-
mit) or absorb (receive) radiant electromagnetic 
energy waves with the greatest practicable 
efficiency. Considering a transmitting antenna 
for the moment, it is obvious that what we want 
the device to do is to lose energy to surrounding 
space efficiently. To accomplish this, a simple 
resonant antenna like a half-wave dipole is so 
designed that each point in one half of the dipole 
radiator is electrically as far removed from the 
corresponding point in the other half as possible, 
like this: 

A, 

Point A, the end of one half, is as far removed 
as possible from point Ai, point B near the center 
of the left half is as far removed as it can be from 
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point B1, and the same is true for any two such 
opposite points in the antenna. From what we 

have learned of antenna theory, it is clear that at 
the instant in a cycle when point A is most posi-
tive, point A I will be most negative, and so on 
for all other opposite points in the antenna. Now, 
we need not go into a full re-examination of an-
tenna theory to see that at a given instant, any 
unit of charge in the antenna we select to con-
sider does not have an equal unit of opposite 
charge near it to balance its field, and cancel 
its effect at a distance. As a result, a part of the 
field of each unit of electric charge in the an-
tenna extends off into space, and can thus make 
its presence detectable at distant points. There 
is more to antenna theory than this of course, but 
this fragment will serve to illustrate our point 
here, that the field between units of opposite 
charge is not confined in an antenna, but extends 
theoretically to an infinite distance. 

Now then, suppose we want to set up a system 

of conductors that will carry r-f current without 
making the presence of the current detectable at 
a distance? If we arrange them parallel to each 
other, and near enough so that opposite charges 
are electrically close to each other, the effect 
ought to be different. It ought to, and it is. 

With opposite charges electrically near to each 
other, the field is concentrated almost entirely in 
the space between and immediately around them, 
and very little of it extends out into the surround-
ing space. Incidentally, by electrically " near" 
each other, we mean within about 0.01 wave 
length or less, at the frequency under considera-
tion. This distance is just an arbitrary figure 
used for convenience in discussion, for actually 
there is no sharp limit beyond which the line 
leaks energy badly, and under which it does not 
radiate at all. Actually, radiation from a line in 
which the conductors are spaced no more than a 
hundredth of a wave length apart will be negli-
gible for practical purposes, if the line is pro-
perly operated. 

Well and good, let's consider for the moment 
just what we want a transmission line to do again. 
Since the idea is to get r-f energy from one point 
to another with as little loss or alteration as is 
practicable, this scheme of arranging the con-
ductors electrically near and parallel to each 
other looks like the answer. Consider the condi-
tions, for instance, if we grab that dipole antenna 
we were just reviewing, and swing the two halves 
around through arcs of 90 degrees, so that they 
lie parallel and close to each other, like this: 

Fig. 20-2 

Presto! Point A is now electrically near point 
A 1, its electrical opposite, and the sanie applies 
to point B and point C. Our dipole no longer 
radiates, because the field along the wires is now 
confined almost entirely to the space between and 
immediately around them. We have constructed a 
section of good transmission line. 

PROPERTIES OF TRANSMISS ION LINES 

20-2. Now we can look into the electrical pro-
perties of a line in a bit more detail. We have 
seen that it is made up of electrical conductors 
so arranged that the fields around opposite 
charges balance and cancel each other's effect 
at appreciable distances from the line. Naturally 
there has to be some way to hold the conductors 
in the right physical relationship to each other, 
and that is where the insulating material comes 
into the picture. Obviously, using a piece of con-
ducting material to support our two line con-

ductors would short circuit them, so insulating 
material must be used. Also, since transmission 
lines are usually many wave lengths long, its 
pretty clear that the insulating support must be 
used in such a way that the conductors will be 
held at the proper spacing along their entire 
length, if we are to maintain the electrical pro-
perties the same at all points. In practical lines 
for use at television frequencies, this means that 
the insulating material must extend uniformly 
along the whole length of the line. This in turn 

requires that the dielectric material used as trans-
mission line must have very low electrical losses 
at all the frequencies to be carried, otherwise 
part of the weak r-f current generated in the an-
tenna by the waves radiated from the distant 
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transmitter will be wasted heating the dielectric 
of the line instead of pushing the spot around 
over the kinescope screen. 

Physical Construction. — We now have the 
essentials of a practical transmission line — the 
conductors that carry the current, and the di-
electric material which holds the conductors in 
the proper position with respect to each other. 
Fiere's how a piece of practical transmission line 
constructed according to these ideas might look: 

Fig. 20-3 

20-5 

some distributed capacitance, and a capacitor 
has some series inductance. The amount of these 
opposite properties is very small in well designed 
units. As we pointed out in Lesson 18, however, 
even these small quantities cannot always be 
neglected. Incidentally, that property of shunt 
conductance we mentioned is not something new, 
dragged in to confuse the problem. We could des-
cribe the same effect by saying that the line has 
high, but not infinitely high, resistance between 
its conductors, or in other words finite shunt re-

By now you should recognize your old friend 
parallel line, because that's about what we've 
come up with. The conductors in such line 
are stranded copper wires, and the strip of di-
electric material used for insulation is made of 
polyethylene, a synthetic plastic with extremely 
low electrical losses and satisfactory mechanical 

properties. You already know how widely this 
kind of line is used in television receiving in-

stallations. Of course there are other types also, 
but before we take up detailed discussion of the 
various types of practical lines, we'd better go 
further into the electrical properties of lines of 
all types, whatever their physical arrangement of 
conductors and dielectric. 

Electrical Properties. — These properties are 
inductance, capacitance, series resistance and 
shunt conductance, and they have one very im-
portant characteristic in common. All are distri-
buted uniformly along the length of the line. Most 
other radio components have these same pro-
perties in some measure, but not uniformly dis-
tributed along all their length. A coil or capacitor 
has relatively large inductance or capacitance 
within a small physical volume. But a coil has 

sistance. That means it will conduct across from 
one wire to another a little bit (very little indeed 
in a good line), and it is sometimes convenient for 
engineering purposes to call this shunt conduc-
tance. Shunt resistance and shunt conductance 
are actually reciprocal quantities, one being zero 
when the other is infinite, and vice versa. 

Equivalent Network of a Transmission Line. — 
In order to understand the uniform distribution of 
properties along a line better, have a look at the 

equivalent circuit shown in Fig. 20-4. 

This is actually a schematic representation of 

an ordinary piece of line, such as was shown in 
Fig. 20-3. Since the inductance of each conductor 
is uniformly distributed along its length, we can 
draw the total inductance as an extremely large 
number of very small pure inductances connected 
alternately in series with an extremely large 
number of very small pure resistances, which re-
present the series r-f ohmic resistance of the wire. 
The capacitance and shunt conductance can like-
wise be represented by an extremely large number 
of very small shunt capacitances and very large 
shunt resistances distributed evenly along the 

line. 

Fig. 20-4 
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Properties of Insulating Materials. — In practi-
cal transmission lines designed for high frequency 
use, the series resistance is small but of some 
importance, and the shunt conductance is ex-
tremely small. However, ordinary lamp cord and 
other such cords and cables, meant only to carry 
current at power line or audio frequencies, are 
usually very inefficient when used as transmission 
lines for carrying high frequency current. This is 
usually due to excessive shunt conductance 
rather than series resistance in the conductors, 
and results from losses in the dielectric material. 
The material used for such lines is perfectly 
adequate for the use for which it is intended, of 
course. It's worth mentioning at this point that 
moisture in the dielectric, or in fact anywhere in 
the strong part of the electric field between and 
around the conductors, causes the losses in the 
line to go up sharply. Here again, the dielectric 
materials used for insulating power and audio 
lines are inadequate for use at r-f, because most 
of them absorb relatively high percentages of 
water vapor from the atmosphere, particularly 
during periods of high humidity, or during a rain 
storm. Right here is a good place to mention 
something that may come as a surprise. This is 
the almost incredible ability of water to soak 
into almost any substance enough to seriously 
affect the electrical properties of the material. 
We usually think of rubber as being impervious 
to water, for instance. Yet rubber absorbs enough 
water to seriously alter its dielectric properties 
at high frequencies. Now, this does not mean that 
your rubber rain coat is going to start leaking, 
just because you now know that rubber absorbs 
moisture. The actual quantity of water absorbed 
is small, but the electrical effect is large. Inci-
dentally, this is also true of a great many other 
materials we ordinarily think of as "waterproof", 
such as oils, paints, waxes, etc. The important 
thing to remember is that most of the materials 
used as dielectrics absorb some moisture, and 
also have an invisible film of moisture on their 
surfaces. During weather conditions of medium 
to high humidity, the amount of moisture absorbed 
or adhering to the surface may be large enough to 
seriously alter the electrical properties of the 
material. 

Another important point about moisture is that 
even if it is not absorbed very much, but only 
forms a film on the surface of the dielectric, it 
can still increase the electrical losses of the 
circuit. Even in a good transmission line for in-
stance, the electric field is not confined entirely 

to the interior of the dielectric material. Some of 
the field extends outside the dielectric, and a 
moisture film or actual drops of water on the 
surface will change the impedance of the line and 
add seriously to the losses. 

Later we'll go much further into the things 
that can cause loss of signal energy in trans-
mission lines. For now, it will be enough to re-
member that even the best conductors have some 
resistance. The best dielectrics have some shunt 
conductance losses, and dirt and moisture in the 
field between and near the wires also steal a bit 
of the available energy. 

Distributed Inductance and Capacitance. — So 
much tor the specific electrical properties of a 
transmission line. Having them fixed in mind, we 
can now consider what governs the actual values 
of these properties per unit length of a given type 
of line. The inductance per unit length of a round 
wire is determined by the diameter, larger dia-
meters having less inductance. The capacitance 
between adjacent conductors depends on their 
effective surface areas, the distance between 
them, and the dielectric constant of the insulating 
material separating them. In the case of common 
two-wire transmission line like twin lead, 
the dielectric is partly air and partly polyethy-
lene, and as a result the capacity per unit length 
is more readily measured than calculated. How-
ever, it gets larger as the dielectric constant of 
the material used is increased, and with the 
amount of solid material actually used between 
and around the conductors. It also gets larger as 
the wire diameter is increased, and as they are 
brought closer together. 

Incidentally, in thinking of dielectric con-
stants, it's well to remember that the constant of 
airless space (a perfect vacuum) is considered to 
be 1.0, not zero. The value for dry or fairly dry 
air is very nearly the same, and in fact, air at 
normal temperatures and pressures is a very 
good, low loss dielectric gas. The dielectric con-
stants of materials used as insulators in radio 
and television work are all greater than 1.0. 
Representative values for a few typical materials 
are listed in the table on the next page. 

Bear in mind that the dielectric constant does 
not tell much about how useful a dielectric ma-
terial is. It merely indicates what increase in the 
capacity of a condenser will be produced if the 
material is used in the condenser as the dielec-
tric, in place of air or empty space. 
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MATERIAL DIELECTRIC CONSTANT 

Alsimag 5.7 to 6.3 
Bakelite ( black) 5.0 to 5.5 

(mica filled) 5.0 to 6.0 
Celluloid 4.0 to 16.0 
Cellulose acetate 6.0 to 8.0 
Formica 4.6 to 4.9 
Glass (electrical) 4.0 to 5.0 
Gutta percha 2.5 to 4.9 
Lucite 2.5 to 3.0 
Mica 2.5 to 8.0 
Mycalex 6.0 to 7.4 
Mykroy 6.5 to 7.0 
Nylon 116:1tt o o U. 
Paper 
Polyethylene 2.3 to 2.4 
Polystyrene 2.4 to 2.9 
Porcelain 6.2 to 7.5 
Rubber 2.0 to 3.5 
Steatite 4.4 to 6.5 

Skin Effect. - The series resistance of trans-
mission line conductors at a given frequency de-
pends on the specific resistivity of the material, 
and the cross section area of the part of the con-
ductor actually carrying the current. The reason 
for the emphasis here is, of course, the phe-
nomenon called skin effect, which was discussed 
in Lesson 18. You'll recall that at high frequen-
cies, the current is carried only in a thin "skin" 
on the surface of the conductor. The higher the 
frequency, the thinner the skin that must carry 
the bulk of the current. The reason for the effect 
is that the center part of the conductor is sur-
rounded by more magnetic flux lines than the 
outer layers, and as a result it has more induc-
tance and impedance. The net effect is that the 
effective resistance of conductors is always 
greater for a-c than for d-c, and increases as the 
frequency of the a-c is increased. At the fre-
quencies used in television, the effective depth 
of the layer of practical conductors that carries 
the bulk of the current is very much less than the 
actual radius of the wire. Naturally the resis-
tance is increased correspondingly. Current dis-
tribution in the cross section of a typical round 
conductor at high frequency looks something 
like this: 

Fig. 20-5 

The greater concentration of dots at and near 
the surface represents greater current density. 
This non-uniform distribution of current in the 
conductor will be further affected if the two con-
ductors in a line are closer to each other than 
eight or ten times the diameter of one wire. 
Spacings much closer than this cause the current 
to concentrate more in the part of the conductor 
nearest the other wire. The net result is again to 
increase the effective resistance by reason of 
the non-uniform distribution of current through the 
conductor cross section, thus: 

Fig. 20-6 

However, in most practical transmission lines, 
proximity effect is negligible, and need not be 
considered further in this connection. 

Shunt conductance, as we have seen, is an 
effective conductivity across the line from con-
ductor to conductor, along the entire length. It is 
actually made up of the real resistance of the di-
electric, which is very high but not infinite, and 
an apparent conductivity resulting from the con-
sumption of energy in charging and discharging 
the dielectric as the electric field alternates with 
the applied voltage. This is analogous to hyster-
esis loss in magnetic materials (discussed in 
Lesson 18), and is sometimes called dielectric 
hysteresis. The power lost increases directly 
with frequency, in materials commonly used as 
line dielectrics. This increase is due to the fact 
that the same amount of energy is consumed each 
cycle, and hence the more cycles per second, the 
more energy lost in a given time. The net result 
of shunt conductance in practical lines is a re-
latively small loss of signal strength. 

THE INFINITE LINE 

20-3. Having considered the properties of 
transmission lines generally, it will be useful to 
consider the characteristics of a theoretical uni-
form lossless line extending to an infinite dis-
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tance. Such a lossless line cannot actually be 
constructed, of course, because conductors and 
dielectrics are not really perfect, as we have 
seen. But it is possible to learn some very use-
ful things about transmission lines more easily if 
we neglect the small losses in actual lines for 
the moment. Suppose now we connect a battery of 
zero internal impedance and a switch in series 
across the end of our theoretical infinite line, 
thus: 

Fig. 20-7 

a 

It is apparent that so long as the battery is 
so connected, a definite, steady flow of current 
into the line will result, just as if it were a pure 
resistance of such a value as would pass the 
current under Ohm's Law. The line characteristics 
do not change with current flow or voltage ap-
plied, so the actual value of current drawn from 
the battery by a given line is directly proportional 
to the battery voltage. 

Upon closing the switch, current begins to 
flow from the battery to charge up the capacitance 
between the two infinitely long wires. Now, since 
we know that electric charges do not move with 
infinite velocity, it follows that the entire length 
of the line cannot be charged instantly. Instead, 
the infinitesimal length of the line immediately 
adjacent to the battery gets charged up to battery 
voltage first, then the next length, then the next, 
and so on. The dividing point between the charged 
and uncharged part of the line moves along the 
line away from the battery at the velocity of light, 
and continues on toward infinity. 

• 
Current Into Infinite Line. — Of course it 

takes a finite amount of current to charge up a 
given capacity to a given voltage. This charging 
current flows only until the very small part of the 
line being charged reaches the full battery volt-
age, and hence flows only to the dividing point 
we mentioned above as moving away from the 
source at the velocity of ugh. To supply this 
charging current at the moving boundary point be-
tween charged and uncharged parts of the line, 
a definite amount of conduction current must 
flow along the line outward from the battery. 
The result is a sort of "leading edge" of voltage 
and current moving down the line toward infinity 
at the velocity of light. Behind this leading 
edge there is a steady, uniform flow of current 
to supply the charging current at the leading edge, 
as noted above. And ahead of the leading edge, 
the voltage and current are zero. 

to infinity 

Resistance of Infinite Line. — It should also 
be plain that current flow starts the instant the 
battery switch is closed, and remains at a per-
fectly constant value as long as the switch re-
mains closed, because the charging current at the 
leading edge has a constant value, and changes 
only its physical position along the line. Thus to 
the battery the lossless, infinite line exactly re-
sembles a perfect resistor, which is an impedance 
of zero reactance. Actually of course, the line 
has inductance and capacitance distributed uni-
formly along its length, but the two properties 
remain in the same proportion at all points along 
the line. As long as the leading edge of the 
charge does not encounter any point in the line 
where L and C beara different ratio to each other, 
the line will exhibit no reactance, and the charg-
ing current will show no change. 

Again, if we start with an infinite line of 
different conductor diameter and spacing, the only 
difference in action will be that the absolute 
value of the charging current will be different. 
The new line will also show no reactance, and 
the flow of current into it will have a constant 
value. Again the line looks to the battery like a 
pure resistance of a definite value, exactly right 
to draw the charging current from the battery. 
From above it should also be apparent that it is 
the ratio of L to C along the line that determines 
the actual value of the charging current, and 
hence of the apparent resistance. Another look 
at Fig. 20-4 will help to make the picture clear, 
as in this equivalent circuit it is easy to see that 
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each unit of capacitance along the line has to be 
charged through a series inductance, which acts 
to limit the rate of charge. Be sure in thus 
visualizing the circuit action to leave the series 
and shunt resistances out of consideration, as we 
are still thinking of an imaginary lossless line, 
having pure L and C only. 

And this brings us to an important concept. 
This apparent value of pure resistance which a 
line of infinite length exhibits at its input termi-
nals is called the characteristic, or surge im-

pedance of the line, abbreviated Z0, or occasion-
ally Zc. It is expressed in ohms, and can be 
calculated from the dimensions and spacing of 
the conductors for certain types of lines. How-
ever, almost all practical television receiving 
applications will make use of commercially 
available lines manufactured with specific, known 
values of Zo chosen to be most generally useful. 

Characteristic Impedance. — Consider now 
what would happen if we were to break the infinite 
line of Figure 20-7 at the plane A-B, and connect 
the battery and switch combination at that point. 
Since a small part taken from infinity still leaves 
infinity, the part remaining to the right of A-g 
still looks like the same characteristic impedance 
as before. Therefore, if we move the battery back 
to the terminals a-b as we originally had it, and 
connect in place of the infinite length of line to 
the right of A-B a pure resistance ZR equal in 
value to the characteristic impedance Zo, there 
will be no difference as far as the action of the 
circuit is concerned. Whether discharging into the 
the lossless, infinite line, into a random length 
of such line terminated by a resistance equal to 
Zo, or directly into such a resistor shunted 
across its terminals, the battery sees exactly the 
same load. In fact, we can restate the definition 
of Zo, the characteristic or surge impedance of 
a transmission line about like this: The character-
istic impedance, Z0, of a transmission line is 
equal to that value of pure resistance which will 
take the same amount of current from a given 
source as does an infinite length of the trans-
mission line, or the same as a finite length of 
line terminated in Z0. Still another definition 
might be: The characteristic impedance of a 
transmission line is equal to that value of termi-
nating resistance for which the input resistance 
and terminating resistance are the same. 

Note that the characteristic impedance of a 
particular kind of transmission line is a property 

of the line, and does not depend on the length 
of line considered. The characteristic impedance 
of a ten-inch length of paralell wire line is ex-
actly the same as that of a ten-mile length. How-
ever, the input impedance of the line will be 

equal to Zo only if the line is terminated in a 
resistive impedance, ZR, equal to Zo. 

If we substitute for the battery a source of 
sine wave radio frequency alternating current, we 
will find that the infinite line still looks just like 
a pure resistance equal to Zo for all frequencies 
up to those at which the distance between the 
line conductors becomes an appreciable part of a 
wave length. In practical lines, this is very far 
above television frequencies. Since the line ex-
hibits no reactance, r-f voltage and current will 
show the same values, no matter at what point 
along the line we measure them (providing we 
give them time to reach the measuring point, of 
course), and they will be in phase. 

R-f Voltage and Current Along an Infinite 
Line. — Of course, the voltage and current at a 
given point along the line will show the usual 
change of value from instant to instant during 
any one cycle just as they do on an ordinary a-c 
power line. Or, if we consider a single instant in 
time and look along the length of the line we will 
find a sinusoidal variation of voltage and current 
from the voltage crest of one wave to that of the 
next. Also, the ratio of effective (rms) voltage to 
effective current anywhere along the line will 
correspond to the surge impedance, Zo, of the 
line. We can sum up these facts by saying that 
instantaneous voltage and current in an infinite 
line vary with time at any selected point in the 
line, are always in phase, and have a ratio deter-
mined by the Zo of the line. 

Furthermore, if the output of the generator 
happens not to be sinusoidal, the line still be-
haves like a pure resistance, since it is not 
frequency sensitive. The wave form produced by 
the generator will remain unchanged as it moves 
along the line. If we consider an individual wave 
leaving the generator at a given moment, it is 
clear that this same wave, which we might like 
to paint green for purposes of identification, will 
arrive at a distant point on the line at some later 
instant, after a time interval determined by the 
distance, and the velocity of propagation. It is 
easy to see from this that a transmission line can 
be used as a phase shifter to produce any desired 
delay by merely including a sufficient length of 
line between generator and measuring point. 
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Fields Around a Two-Wire Line. — Before 
going on to consider the measuring units used in 
antenna and line work it may be useful to con-
sider a cross section through a two-wire trans-
mission line carrying energy out of the paper to-
ward us, thus: 

Fig. 20-8 

The drawing shows an instantaneous picture of 
the electromagnetic field surrounding the line, in 
a plane at right angles to the conductors. For 
the sake of simplicity a line with air dielectric 
is considered. At an instant a half cycle earlier 
or later the direction of both fields would be 
reversed. 

Units of Transmission Measurement. — Before 
we take up the study of transmission line be-
havior under various operating conditions, it is 
necessary to know the electrical measuring units 
used in such work. In practice, these are almost 
exclusively the decibel and the microvolt. 

The decibel (abbreviated db) is a logarithmic 
unit used to express ratios of power level. Now, 
we can't digress from the subject of transmission 
lines to explain logarithms here, since they are 
a rather good sized subject in themselves. How-
ever, we can get a good working idea of how 
power ratios are expressed in decibels by study-
ing a graph and a few examples, and that will 
suffice for the present. When comparing two 
different power levels in radio work, it is often 
desirable to have a convenient way of stating 
what ratio they bear to each other, rather than 
giving an absolute value in power units for each. 
This is particularly true because often the power 
levels are fantastically far apart in terms of watts. 

Consider, for instance, a condition that may 
exist in a point-to-point radio communications 
link covering a long distance over the earth's 
surface. The power in the transmitting antenna 
may be as much as 100 kilowatts. Yet at the 
receiving antenna, the actual power intercepted 
may be no more than 5 or 10 micro-microwatts. 
Expressing this relationship in words, we would 
have to say that the power in the transmitting 
antenna was ten thousand million million times 
that in the receiving antenna. But stating the re-
lationship in db, we can say that the signal is 
140 db down from the transmitted power, at the 
receiving end of the link. For reference, the 
equation that expresses the ratio of two power 
levels in db is written like this: 

Ndb = 10 log 10 
P2 

Here N is the number of db (up or down) one 
power is from the other, log io is the symbol for 
the logarithm of a number to the base 10, and PI 
and P2 are the two power levels being compared, 
stated in watts or kilowatts. If you do not know 
logarithms, you can still get a good idea of how 
this works out in practice by studying the graph 
of Fig. 20-9. 

Here the equation just given is plotted graph-
ically, so that a difference in power level can be 
translated directly into db, or vice versa. To 
illustrate, consider an r-f amplifier that requires 
an input of 0.5 watt to produce an output of 40 
watts. Since che output is 80 times as great as 
the input, we follow the "80" line from the lower 
edge of the graph (marked "ratio") up to intersect 
the "power" line, and then to the left to the db 
scale. From this scale we read 19db, which is 
the gain of the amplifier in that unit. 

But take a look also at the line on the graph 
marked "voltage or current". Since both voltage 
and current are concerned in power questions, we 
can work out information about one if we know 
the other, and the resistance of the part of the 
circuit we're considering. It is clear that, if we 
double the voltage across a given resistor, we'll 
cause twice the amount of current to flow through 
it. Since power is proportional to the square of 
the current, the power must go up to four times 
the original value. Also, it becomes obvious that 
we can plot one line on the graph to show either 
voltage or current ratios, and their value in db. 
As an example, consider an amplifier with input 
and output impedances of 500 ohms, which re-
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quires a 0.1 volt signal at the input to produce a 
10.0 volt signal across the output. This is a 
voltage ratio of 100 to 1, and tracing this line up 
finds the intersection with the voltage or current 
line at the 40 db level. It is important to re-
member, however, that voltage or current ratios 
are only valid when measured at the same im-
pedance value. Otherwise the power ratio must 
be used in entering the graph. 

For reference, here are the equations for volt-
age or current level comparisons in db, corres-
ponding to the "voltage or current" line of the 
graph. 

E2 
Ndb = 20 log io 

El 

12 
Ndb = 20 logic 11 

Db Loss in Transmission Lines. - Again Ndb 
represents the number of decibels gain or loss 
of power, E1 and E2 are the voltages, and It and 
12 are the currents compared. You'll seldom have 
any need for the equations themselves, but it will 
sometimes be convenient to use the graph when 
considering gain or loss in db in television work. 
For instance, practical transmission lines are 

20-9 
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rated by the manufacturer for loss in db per 
hundred feet at various frequencies. With this 
loss figure for a given line, you can tell from the 
chart how much loss of signal strength there will 
be in a given length of line. 

Consider a run of 200 foot of parallel wire line, 
which has a loss of about 1.25 db per hundred 
feet at 100 nr. If the antenna delivers a 1VC. 
microvolt signal to the line at the upper end, we 
can enter the graph going to the right on the 2.5 
db line and intersect the voltage line at a point a 
little less than half-way between the vertical 1.3 
and 1.4 lines. Let's call it about 1.33. This 
means that the input signal ( 1000 microvolts) is 
about 1.33 times as strong as the signal delivered 
to the receiver. A little arithmetic shows that we 
therefore have about 750 microvolts left at the 
receiver input, still enough to give a usable pic-
ture. If a coaxial line were used in this run, we 
would be in trouble, for RG-59U has losses of 
3.66 db per hundred feet. This 7.32 db loss would 
mean the input was about 2.3 times the output 
voltage (assuming proper impedance matching at 
both ends), which means only about 435 micro-
volts at the receiver input. This is near th. lower 
level of usable signals in many locations. 
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Oddly enough, the response of the human ear 
to a change in the loudness of a sound corres-
ponds roughly to db relationships. A change of 1 
db in the level of a sound is about the smallest 
value the average person can detect readily. To 
make a sound seem twice as loud, we have to put 
in four times the power, or bring it up 6 db, as an 
acoustical engineer would say it. 

TV Signal Levels. — In much practical tele-
vision work, we'll also discuss signal level in 
microvolts, which of course means millionths of a 
volt. The actual signal level in microvolts at the 
receiver input is usually the governing factor in 
television reception, unless there is some outside 
noise or interference problem. This is true be-
cause the internal noise of production line re-
ceivers is reasonably low, and uniform from unit 
to unit, so a signal reasonably above this noise 
voltage will produce a satisfactory picture. 

However, it is seldom necessary actually to 
measure the signal in microvolts, unless you are 
making a survey with a Survey Receiver, as 
described in Lesson 12. Ordinarily, you want to 
know only if the signal is satisfactory or unsatis-
factory, and the picture tells you that better than 
anything else. 

TERMINATED TRANSMISSION LINES 

20-4. So far we have considered only the 
properties of transmission lines generally, or the 
action of a theoretical lossless infinite line. 
These ideas are useful in understanding the 
principles on which lines operate, but in practical 
work, it is necessary to go further and consider 
what happens when a load of some kind is con-
nected to the ends of a transmission line of a 
finite length. After all, we want antenna trans-
mission lines to accept energy from something 
(the antenna) and deliver it to something (the 
receiver) with minimum loss or distortion. 

Line Terminated in Zo. — In discussing the 
infinite line we saw how connecting a non-reactive 
load impedance ZR, (pure resistance) equal to 
the surge impedance Zo across the end of a finite 
length of line left the voltage, current and im-
pedance relationships along the line exactly the 
same as if the line were infinitely long. Specifi-
cally, when a lossless line is terminated in a 

load impedance' ZR' equal to its characteristic 

impedance, voltage and current remain in phase, 
and the impedance seen looking into the line at 
any point along its length from source to load is 
a pure resistance equal to Zo. We can show 
graphically the relationships between voltage, 
current and impedance along such a line like this: 

e l»! 

o distance 

Fig. 20-10 

Zr, 

Open-Circuited Line. — Now suppose we con-
sider the same finite length of transmission line, 
this time terminated in an open circuit at the far 
(load) end. If we connect a generator of r-f current 
to the end nearest us, which we can call the 
sending end, we can send waves travelling along 
the line toward the open circuit load end, just as 
in the case of the resistive termination. But what 
happens when they reach the end? Let's see. 
An open circuit is an infinitely large impedance, 
and an infinite impedance will draw zero current 
from a finite voltage source. Since no current can 
flow, no power can be dissipated. We know that 
energy has to go somewhere, however, and this 
energy does... .right back up the line toward the 
source. 

Putting it another way, no current can flow at 
the end of an open circuited line, and when cur-
rent ceases to flow, the magnetic field around the 
conductor collapses. However, in collapsing, the 
lines of force in the magnetic field cut across 
the conductor, generating a new voltage and cur-
rent. The end of the line thus becomes in effect 
a source of electromagnetic waves, which flow 
in the only direction they can, back toward the 
original source. Thus we see that the oncoming 
waves from the original source are reflected from 
the infinite impedance of the open circuit at the 
end, and return along the line, without loss in 
the case of our theoretical lossless line. What 

effect this has on operation of the line we shall 
see in a moment, as soon as we consider the 
opposite condition to an open circuit termination. 
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Open and Short-Circuited Lines. — If we sub-
stitute for the infinite impedance termination a 
short circuit, which of course has zero impedance, 
current can flow through the terminating load as 
fast as the line can supply it, but no voltage can 
be developed across the zero impedance. This 
time the voltage can be said to "collapse", in-
stead of the current. As a result, total reflection 
again takes place, just as in the case of the in-
finite impedance load termination. The only differ-
ence is in the phase relationship between voltage 
and current in the line, and the impedance of the 
line as seen at various points along its length. 

Consider now the relative distribution of r-f 
voltage, current and impedance along the length 
of a line terminated in a short circuit. Actual 
values of voltage and current as read at any given 
point in a real line would of course depend on 
the source voltage, and the Zo of the line. The 
impedance will look like a pure reactance, and 
will be alternately inductive and capa. chive, vary-
ing in sign and value as the measuring point is 
moved along the line away from the short circuit 
thus: 
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The opposite case, with the line terminated 
in an open circuit, looks like Fig. 20-12. 

This time there is a voltage maximum and 
current minimum at the end of the line, just the 
reverse of the short circuit condition. Note also 
certain other important facts. With the short cir-
cuit termination, the impedance rises steadily 
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from zero at the termination to a progressively 
greater inductive reactance, until at a point one 
quarter wave length from the load end, the im-
pedance looking into our theoretical lossless line 
becomes an infinite reactance. From a quarter 
wave to a half wave away, the impedance seen 
looking in toward the load is capacitive, and de-
creases until at the half wave point it again looks 
like a short circuit. In the open circuit case, 
opposite conditions exist, as can be seen from 

comparing Figures 20-11 and 20-12. This "repeat-
ing" characteristic existing at half wave points 
on the line is so important that we will take it up 
in much more detail later, but it is necessary now 
to consider the effect on the line of energy re-
flected from a termination other than the character-
istic impedance, Zo, which of course does not 
itself reflect energy. 

Impedance Matching. — We have already con-
sidered the case in which ZR' the load impedance, 
is equivalent to Zo, the surge or characteristic 
impedance of the line. This condition is called 
a perfect match between load and line, and is 

usually the most desirable condition at a receiver 
input, although often not completely achieved in 
practice. A load of any other impedance will re-

sult in an imperfect match, and that part of the 
incident power not dissipated in the load will 
be reflected back up the line toward the source. 
A perfectly matched line is sometimes described 
as flat, or non-resonant, and one in which there 
is some or total reflection as being partly or fully 
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resonant. These terms are used partly because a 
perfectly matched line responds equally well to a 
very wide band of frequencies, neglecting losses, 
while an imperfectly matched line shows varying 
distribution of voltage, current and impedance 
with change of frequency. 

Reflection Coefficient. — Depending on the 
nature and value of the termination, there can be 
all degrees of reflection from none at all to com-
plete reflection. The ratio between the reflected 
voltage (or current) and the incident voltage (or 
current) supplied to the termination from the 
source is called the reflection coefficient, and it 
can vary from 0.0 to 1.0. When there is reflection 
from the termination a new effect is produced as 
the reflected waves combine with the oncoming 
waves from the source. The waves passing in 
opposite directions alternately reinforce and 
cancel each other at any given observation point, 
so that a radio frequency rms-reading voltmeter 
slid along the line would show a regular series of 
alternate high and low voltage points at quarter 
wave intervals. This effect is called standing 
waves, because the pattern of high and low volt-
age points seems to stand still on the line. 

Standing Wave Ratio. — The ratio between 

maximum and minimum voltage is called the 
voltage standing wave ratio, abbreviated VSWR, 
or more commonly just SWR. It is obtained nu-
merically by dividing the maximum by the mini-
mum voltage. Thus maximum and minimum values 
of 15 and 5 volts would mean a SWR of 3. The 
figure can also be expressed as a reciprocal frac-
tion by dividing minimum by maximum to obtain 
0.33, but for this course we will confine ourselves 
to the previous method. Derived in this way, the 
SWR can vary from 1.0 to infinity, depending on 
the reflection coefficient, as shown in Fig. 2D-13. 

Here VSWR is plotted on a logarithmic scale 
against reflection coefficient. In a theoretical 
lossless line, the SWR would reach infinity when 
the load dissipated no power at all, and thus pro-

duce a reflection coefficient of 1.0. In practice 

of course, lines do have small but definite losses, 
so the standing wave ratio can never reach in-

finity, although in good lines it can go very high. 

Behavior of Unmatched Lines. — Consider now 
some other possible terminating loads for a trans-

mission line. If we load the line with a pure re-
sistance of a value other than Zo, there will be 
reflection and standing waves, and the location 
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o 

of the high and low voltage points along the line 
will depend on whether ZR, the load impedance, 
is greater or smaller than Zo. If it is greater but 
not infinite, some power will be dissipated in it, 
and the reflected waves will be smaller in ampli-
tude than the incident waves arriving from the 
sending end. The reflection coefficient will be 
less than 1.0, and the standing wave ratio will 
be lower than for a purely inductive or capacitive 
termination, which cannot dissipate any power. 
Here is a graphic plot of the effects of resistive 
loads both larger and smaller than Zo: 

A 

/-IL N /i A /N -*'- x -i- X ----ten 

, / 5 , 

I ,..,...!_.... 

/  5, // 
--- , 

-. 
5, ,/ 5 

, 

... 

/ 

— 

'5  

Fig. 20-14 

th 

load 

(ZA) 

ZR < 

Z.> Z. 

When Zu is less than Zo, a current maximum 
occurs at 2R, just as in the case of the short 
circuit, which can be regarded as an infinitely 
small impedance. In other words, when ZR is 

any value less than Z 0,a current maximum occurs 
at the load, along with a voltage minimum, and 

the current gets larger and the voltage smaller 
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with decreasing ZR. And of course with ZR 
larger than Zo, there is a voltage maximum and 
current minimum at the load, with voltage in-

creasing and current decreasing as ZR is in-
creased. 

Effect of Reactive Termination. — We need 
now to consider two other kinds of loads. These 
are purely reactive loads, and loads combining re-
actance and resistance. A purely reactive load 
can dissipate no power, hence the reflection co-
efficient will be 1.0,and the SUR will be infinite. 
A Zx ( reactive impedance) infinitely large would 
pass no current, and hence would correspond 
to our old friend the open circuit case, and would 
produce the same effect. If we lower the value of 
the load reactance, some current will flow, and 
the voltage at the load will fall. But no power 
will be dissipated, so the only difference from 
the open circuit condition will be a shift of the 
points of voltage maxima and minima along the 
line by a distance proportional to the drop in load 
reactance value. 

As the reactance is made smaller the current 
through it will increase, until when the reactance 
is infinitely small we have the short circuit con-
dition again, with maximum current at the termi-
nation. The conditions on lines terminated in 
inductive and capacitive reactances equal in 

ohmic impedance to Zo can be plotted like this: 
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Making either the inductance or capacity smaller 
will shift the standing wave pattern away from 
the termination along the line. And of course, 
making them larger will cause the pattern to shift 
toward the termination, the amount in each case 

being proportional to the change in value of the 
terminating reactance. 

Terminations Desired in Television. — It 
would be possible to include here several formu-
las for calculating exact standing wave ratios for 
lines terminated in loads containing differing 
proportions of reactance and resistance, but such 
material would be of little practical value, for a 
very simple reason. The terminating impedance 
at the receiving end of practical TV transmission 
lines is always made to be as nearly non-reactive 
and as near to the characteristic impedance value 
as is practicable. 

There are two principal reasons for this. The 
first is that, as we have just seen, any termina-
tion other than in the non-reactive characteristic 
impedance will produce reflection and standing 
waves on the line, which are very likely to result 
in ghost images. Such ghosts result from the part 
of the wave which is reflected from the receiver 

termination returning up the line to the antenna 
and being again reflected back down the line by 
any reactance or mismatch there. Such energy 
gets to the receiver later than the original wave 
by the amount of time required for the trip from 
receiver input to antenna and back, and is often 
strong enough to produce a ghost image which 
will remain substantially unchanged, no matter 
how the antenna is oriented. A mismatch at either 
end alone is unlikely to cause this trouble, but 
with mismatch at both ends, trouble can usually 
be expected. 

The second reason is that termination in the 
characteristic impedance results in maximum 

transfer of power from line to load. While this 
is not always the optimum result, as we shall see 
in our consideration of practical antennas in this 
lesson, it is usually desirable, and the design of 
receiver input circuits generally takes this into 

consideration. 

We can now sum up the more important facts 
about the operation of terminated transmission 
lines into a few general rules which will be very 

useful in television receiver installation and 
servicing work. 

Summary. — Terminating any length of trans-
mission line in a load ZR equal to its character-
istic impedance Zo results in maximum transfer of 
power to ZR, and prevents reflection and the 
formation of standing waves. 

In a line terminated in an impedance other 
than Zo, there will be reflections and standing 
waves. 
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The amount of energy reflected, the location 
of voltage and current loops and nodes, and the 
standing wave ratio depend on the reactance and 
resistance of ZR' and their ratio to each other 
and to Zo. 

In most lines used in TV receiving, it is 
desired to have the load match the line impedance 
as exactly as possible, to minimize reflections 
and the ghost images these often produce. If 
there is a serious degree of mismatching between 
line and load, standing waves may make adjust-
ment of the line length critical, particularly if 
some desired stations are weak in proportion to 
others. 

RESONANT LINE SECTIONS 

20-5. A section of transmission line one 
quarter of a wave length long at the resonant fre-
quency, or any multiple of such a section, ex-
hibits certain properties that are extremely useful 
in TV and other transmission line and antenna 
work. By use of an appropriate section properly 
terminated and connected, it is possible to mini-
mize or eliminate interfering signals, match un-
equal impedances, isolate one circuit from another 
and do many things that would be very difficult 
if other means were employed. The basic phe-
nomenon which makes this possible is the re-
flection of waves from an open or short circuit 
termination, in the way we have already studied. 
Sections of line used in this way are called 
linear circuit elements. 

Right here a word of caution is necessary. 
Don't get into the habit of thinking of a "quarter-
wave section" as having a definite, unvarying 
length in inches, like a yardstick. To know the 
length.of a quarter-wave section of line, you must 
know the actual wave length of the radio wave 
you are talking about. Back in Lesson 6 we 
discussed the relationship between the frequency, 
wavelength, and propagation velocity of electro-
magnetic waves such as radio waves. The im-
portant thing for you to remember here is that a 
"quarter-wave section of line" is actually a 
quarter of a wave length long only at one certain 
frequency. If we increase the frequency of the 

applied wave, the section of line we were just 
considering will be longer than a quarter of a 
wave length at the new frequency. And of course, 
if the applied frequency is decreased, the oppo-
site holds true. 

Now consider a quarter wave section of trans-
mission line terminated in a zero impedance short 
circuit. A generator of r-f current at the resonant 
frequency connected across the input terminals 
will see a theoretically infinite impedance be-
cause of the effect of the returning waves re-
flected from the short circuit termination. If the 
termination is an open circuit, the generator will 
see a theoretical impedance of zero. 

This is true because the voltage and current 
phase relationship at the open circuit termination 
differs by 180° from that at a short circuit termi-
nation, so that the reflected wave is now in phase 
with the generator output at its output terminals. 

Quarter Wave Sections. — Figures 20-16 and 
20-17 shows the voltage, current and impedance 
relationships for both shorted and open circuited 
sections: 

r- f source sees 
open circuit 

short circuit 
termination 

Fig. 20-16 

r- f source sees 
short circuit 

Fig. 20-17 

open circuit ; 
termination 
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It should be particularly noted that a quarter 
wave section inverts the load impedance as seen 
from the generator or sending end; that is, a high 
impedance load termination looks like a low im-
pedance to the generator, and vice versa. The 
exact relationship involved is important in im-
pedance matching problems, and will be taken up 
in detail in section 20-6. 

Half Wove Sections. — It would seem logical 
that inserting a second quarter wave section be-
tween the generator and the sending end of the 
first section would reinvert the impedance so that 
the generator would see an exact counterpart of 
the actual load impedance, and this is what actu-
ally happens in practice. Of course, two quarter 
wave sections added together make a half wave, 
so we can say that a half wave section repeats 
the load, because the load impedance connected 

at one end is seen by the generator at the send-
ing end without change. Fig. 20-18 shows this 
situation for both open and short circuited termi-
nations, together with the voltage, current and 
impedance distribution along the section. 

alas 

short circuit 
termination 

r-f source sees 
short circuit 

r- f source sees 
open circuit 

open circuit 
termination 

Fig. 20-18. 

It is easy to see how the half wave section is 
actually two quarter wave sections connected to-
gether, by comparing either half of the drawing 
with Figures 20-16 and 23-17. 

Considered in another way, the quarter and 
half wave sections can be regarded as simple 
tuned circuits of high Q and low loss. An open 
circuited quarter wave section looks like a series 
resonant LC circuit, and a short circuited quarter 
wave looks like a parallel resonant one. The 
opposite is true for half wave sections, as can 
be seen in Fig. 29-19. 

Various different lengths of line sections are 
shown with their electrical equivalent circuits. 
The simplest rule to remember in considering the 
action of such linear circuit elements is that a 
section of line an odd number of quarter waves 
long acts to invert the impedance of the load, as 
seen from the generator, and repeats the im-
pedance of the load if it is an even number of 

quarter waves long. Fig. 20-20 shows the result 
of these actions for various load impedances. 

Other Lengths of Line. — The effects of sec-
tions of line shorter than a quarter wave are often 
useful, particularly when it is necessary to cancel 
the reactance of some device to prevent reflec-
tions. An open circuited section less than a 
quarter wave long looks like a capacity at the 
sending end, and like an inductance if the load 
end is short circuited. The value of capacitance 

or inductance of a given section is directly 
related to the characteristic impedance of the 

line. The Q of reactances thus made up of sec-
tions of transmission line is very high, which 
means the losses are low, which in turn means 
they can be used for balancing out unwanted op-
posite reactances, even in circuits where losses 
must be held to a minimum. 

Sections between a quarter and half wave long 
also exhibit reactance, which from the sending 
end will look exactly opposite to that of a simi-
larly terminated section shorter than a quarter 
wave. This will not be confusing if we think of 
such a section as actually being a section shorter 
than a quarter wave, such as was discussed in 
the last paragraph, coupled to the generator 
through a quarter wave section, which of course 
inverts the impedance of the short section as 
seen at the sending end. These reactive effects 
of sections shorter or longer than a quarter wave, 
and variously terminated, are shown in Fig. 20-19. 
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20-6. Matching impedances in television an-
tenna systems is necessary in order ( 1) to avoid 
reflections and ghost images, (2) to achieve opti-
mum signal voltage at the receiver input, and (3) 
to connect multiple loads to a single line, as 

KZ,   

looks like a 
capacity 

looks like an 
inductance 

looks like the 

same load 

when several receivers are to operate from the 
same antenna. We have already seen that only a 
perfect impedance match will completely prevent 
reflections and the troubles that arise from them. 
In practical terms, however, it is seldom possible 
or necessary to eliminate reflections completely. 
Theoretically perfect transmission lines, antennas 
and receiver inputs might make it possible to come 
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fairly close, but there are stray sources of un-
balance which operate to make such perfection-
ism impracticable, to say nothing of the diffi-
culties of getting a good match over a band of 
frequencies as wide as those used in television. 

The engineer or technician faced with a match-
ing problem does his best to get the standing 
wave ratio as low as possible, and trusts to the 
high ratio of desired to undesired signal to pre-
vent ghost troubles. This is feasible only if the 
standing wave ratio on the line is held to a mini-
mum on every channel to be received, and this 
means careful and intelligent work on the part of 
the installing and servicing technician, for the 
problem is not as simple as it seems at first 
thought. If all antennas, receivers and trans-
mission lines were made with the same feedpoint 
impedance, if there was only one TV station in 
each area, if there were no such things as stray 
capacity and unbalance to ground, the technician's 
brow would know less wrinkles. But alas! All 
these and several other factors enter the problem 
with big, muddy feet, and must be dealt with in 
some fashion. 

Perfect Match Not Necessary. — Contrary to 
much current belief among radio servicemen, how-
ever, it is not always either necessary or de-
sirable to have a perfect impedance match be-
tween the antenna and transmission line. The 
feed point impedance of many antennas is differ-
ent from that of the receiver input circuit, and 
may also be different from that of any available 
transmission line. Furthermore, the source im-
pedance of the antenna may vary widely over the 
band of frequencies it is expected to accept, 
which would make securing a match for all fre-
quencies a formidable problem indeed. An antenna 
array made up of dipole, reflector and director 
may have an impedance which varies from as 
little as 10 ohms to as much as 100 ohms or so 
over the band of frequencies to be received, with 
considerable reactance at frequencies far removed. 

Fortunately it is not necessary to match this 
source impedance perfectly, if the match from 
line to receiver is reasonably good over the entire 
band. Instead, ordinary 300 ohm paralell wire 
line can be used if the receiver has a 300 
ohm input, and operation of the system will be 
little affected by the mismatch from antenna to 
line. This is true because as long as the load end 
of the line is terminated in its characteristic im-
pedance, there will be no reflection, and all the 
power (neglecting the small losses in practical 

lines) delivered to the line by the antenna will 
be passed on to the receiver. If, however, there 
is a serious mismatch at both ends of the line, 
some of the energy delivered to the receiver input 
will be reflected back toward the receiver again 
because of the mismatch, and will arrive at the 
input later than the original signal by the time 
taken for the round trip. The result is of course 
a ghost image which cannot be wiped out by re-
orienting the antenna, or any similar measures. 

As for voltage output from the antenna, it will 
actually be slightly greater when operating into 
the 300 ohm line, because the higher impedance 
loads the antenna less than would a line of, say, 
72 ohms Zo. Of course, the power transferred to 
the receiver input is less, but the receiver is 
essentially a voltage operated rather than a power 
operated device anyhow. Then too, most antennas 
show a rising internal impedance as the frequency 
departs from true resonance, as mentioned before, 
which means that the match at the antenna end 
will get better instead of worse as the edges of 
the band are approached. 

To sum up then, while it is very important to 
secure as good a match at the receiver end as 
possible, it is not always necessary at the an-
tenna end, and may in some cases be less ef-
fective for band-wide reception. In any case, 
however, only one serious mismatch in the an-
tenna-line-receiver system can be tolerated, if 
ghosts due to multiple reflection are to be avoided. 

Use of Series-Connected Quarter Wave Line 
Sections. — We come now to some practical 
methods and devices for matching impedances in 
TV antenna systems. One of the most effective 
gadgets for matching impedances over a relatively 
narrow range of frequencies is a section of trans-
mission line a quarter wave length long at the 
center frequency of the band to be passed. Bear-
ing in mind the inverting effect of a quarter wave 
section connected between a load and source of 
current, it seems obvious that such a section can 
be used to change impedance when connected 
like this: 

4 

30011 line 150 n 72 11, ,3 

A 

Fig. 20-21 
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Looking toward point B from point A, the im-
pedance seen must look larger than the actual 
72 ohms connected, because of the inverting ef-
fect of the quarter wave line. Convers.ely,the 300 
ohms connected at point A must look smaller than 
its actual value when considered looking to the 
left from point B, bearing in mind in both cases 
that the characteristic impedance of the quarter 
wave section is 150 ohms. A quarter wave section 
of transmission used in this way is often called 
a linear transformer, because it can "transform" 
an impedance seen at one end to a different 
value, as seen at the opposite end. It is also 
sometimes called a Q-section. 

The actual relationship between the impedance 
at the ends of a quarter wave section and the 
characteristic impedance Zo of the line must be 
as shown in the following equation, if the match 

(z0)2 zszR 

between source and load is to be perfect. Zo is 
of course the characteristic impedance of the 
transmission line used in making the quarter wave 
section, Zs is the source or sending end impe-
dance, and ZR is the load impedance. 

Resistance Networks for Impedance Matching.-
Another way in which impedances can be matched 
is by use of networks of resistors so chosen that 
the correct impedance is presented to the source. 
This method has many advantages. Resistors are 
relatively inexpensive, require little space, are 
fairly rugged mechanically, are relatively non-
reactive and insensitive to frequency change, and 
can be had in almost any value required. Not all 
types are suitable, of course, because of reactive 
effects, particularly in the carbon composition 
and wire wound units. But the filament and 
metallized film types show negligible change of 
characteristics up to 250 mc, and are used ex-
tensively for this and other reasons. However, 
care must be taken in mounting and wiring im-
pedance matching resistor networks. Spacing must 
be such that stray capacity to ground or the other 
side of the line is not excessive, joints must be 
well soldered, and any tape or other dielectric 
material introduced into the immediate field of the 
conductors should have low losses at TV frequen-
cies, and low moisture absorption. If this last 
point is forgotten, trouble may develop after a few 
weeks or months because of losses due to mois-
ture absorption. That means a service call which 
could have been avoided, and a needless expense 

which will probably have to be borne by your 
company. 

In spite of its advantages, the use of resistors 
as impedance matching devices is not the whole 
answer to the problem. Unfortunately the insertion 
loss of such networks is high, which means that a 
considerable part of the desired signal is wasted 
in heating the resistors, instead of giving out with 
Milton Berle on the kinescope. However, in the 
areas where the signal level is high enough to 
sustain the insertion loss without falling too near 
the noise level, the use of resistor networks is 
relatively simple and convenient. 

Signal.to-Noise Ratio. - Before taking up 
specific examples of the use of resistive matching 
networks, a little clarification of the relationship 
between receiver sensitivity and signal level 
versus noise level is necessary. Contrary to much 

popular belief, even among service technicians, 
getting a satisfactory signal is not just a matter 
of adding more cascaded amplifier stages to 
provide more gain. Instead, there is a lower limit 
to the strength of a signal which will just barely 
provide a satisfactory picture, because the de-
sired signal has to compete with noise voltages 
present at the grid of the first r-f amplifier tube. 
There are several separate sources for this noise, 
including the receiver input circuit itself. For 
now, it is enough to remember that in a good re-
ceiver the total noise level will be low, but al-
ways present. Naturally the television signal 
voltage at the same grid must be strong enough 
to override the noise completely, or the picture 
will present a fuzzy "snowstorm" effect, and 
may drop out of synchronism or exhibit other 
defects. 

In practice it is usually necessary for the 
picture signal to be about 40 db above the noise 
level to provide a satisfactory picture. A radi-
ated signal level of about 500 microvolts per 
meter at the antenna site will usually be enough 
to insure this 40 db signal-over-noise margin. 

Resistor Networks as Attenuators. - And odd-
ly enough, as we learned in Lesson 10, it is also 
possible for the received signal to be too strong, 
in which case reception will also be unsatis-
factory unless corrective measures are taken. In 
this case resistive networks can be used to at-
tenuate the signal with or without making any 
change in impedance, as we shall see in Sec. 
20-8. The important thing to remember just now is 
that there is a definite range of signal level on 
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which the receiver can operate successfully, and 
that the signal level present at the antenna out-
put terminals has a strong influence on the use 
of resistive networks for matching impedances. 

Now consider a hypothetical case where a 
multi-element antenna with a 300 ohm output im-
pedance feeding a 300 ohm twin conductor line is 
providing a signal of 5000 microvolts at the end 
of the transmission line, according to measure-
ments made with a Survey Meter, as explained 
in Lesson 12. The 'receiver to be fed from this 
antenna has a 72 ohm input impedance with one 
side grounded to the chassis. It is known that 
the receiver requires a signal of at least 500 
microvolts at the input to provide a satisfactory 
picture. Can these two different impedances be 
matched with resistive elements without introduc-
ing too much attenuation? 

300 11 line 

R, 

7511 

5000» volts 

R2 

Fig. 20-22 

receiver input 

75 n 

15011 

Let's see. Fig. 20-22 shows the simplest 
possible configuration which will terminate the 
line in an impedance balanced to ground, and 
equal to its characteristic impedance. These two 
points are likely to be very important, especially 
when a multi-element antenna is used, as feeding 
such an antenna into an incorrect or unbalanced 
impedance is likely to seriously alter its perfor-
mance. The line looks into an impedance con-
sisting of R,, the 75 ohm receiver input impe-
dance, and R2 in series, which totals 300 ohms. 

The ground point is at the center of the impe-
dance value, keeping the balance to ground cor-
rect. But, will the signal voltage actually across 
the receiver impedance be adequate? A glance at 
the diagram reveals that it will actually be one 
quarter of the total voltage (5000 microvolts) 
across the terminating impedance, and this 
amounts to 1250 microvolts, more than adequate 

for satisfactory operation. 

Fig. 20-23 

20-21 

Note that it is not essential that the receiver 
look into its own internal impedance in order to 
function properly. The source of the waves in the 
system must look into its matching impedance if 
there is to be no reflection. In this case, the an-
tenna is the source. Actually, the receiver is 
looking at an impedance of 525 ohms, made up 
of R,, the 300 ohm Zo of the transmission line, 
and R, in series. This mismatch does no harm, 
because the receiver itself is not ordinarily a 

source of radio waves. 

Matching an Unbalanced Receiver Input. — 
Another type of impedance matching problem is 
presented in Fig. 20-23. 

receiver 
input 

50011 

In this example, the \ transmission line im-
pedance is 75 ohms balancçd to ground, the re-
ceiver input impedance is 300 ohms, with one 
side grounded, and the signal level at the end of 
the transmission line is 800 microvolts. Bearing 
in mind that the line must terminate in an im-
pedance near 75 ohms with a ground at its center, 

it is obvious that we must choose a resistor of 
half that value for R1. (This is a non-standard 
value, and would have to be approximated, prob-
ably with two 75 ohm quarter or half watt resistors 

in parallel.) The other half of the terminating im-
pedance must also equal about 37.5 ohms, which 
means we must parallel the 300 ohm receiver im-
pedance with a resistor of a suitable value. The 
equation for computing the resistance of parallel-
ed resistors can be used here, since the input im-
pedance of the receiver is essentially resistive. 
For two resistors only, (as you should recall from 
Lesson 16) the form is: R, the parallel resistance, 
equals the product of the two resistors divided 
by their sum, thus: 

R R,R2 

Ri+R2 

Substituting the known values of 37.5 ohms 
for R, and 300 ohms for either R, or R 2 , and the 
unknown symbol X for the other "R", the equa-
tion solves as follows: 
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300(X)  

300 + X 

37.5(300+X) = 300X 
1125037.5X = 300X 

11250 = 262.5X 

42.8 = X 

A resistor as near in value to 42.8 ohms as 
possible connected as R2 in the circuit of Figure 
20-23 will make the terminating impedance cor-
rect, but what has happened to our 800 microvolt 
signal? Obviously only half of it can appear 
across the combined impedance of R2 and the 
receiver input in parallel, and this 400 microvolts 
is below the required signal for a satisfactory 
picture. In this case, we must either do some-
thing to raise the signal level available at the end 
of the transmission line, or choose an impedance 
matching method offering less attenuation. 

Approximate Va lues Permissible. — Some 
further general points to remember in connection 
with the use of resistors for impedance matching 
should be noted. It is not necessary that exact 
values of resistors be used, as a difference of as 
much as ten or fifteen per cent will not seriously 
affect the operation in most cases. In all the 
principles so far considered in this lesson, we 
have assumed that lines and sections were loss-
less, and that there were no unbalances to ground 
in any part of the system. In practice, this is 
never the case, and the effects of the small but 
nevertheless noticeable losses in lines, and un-
balanced capacitance from line and antenna to 
ground are such as to mask the effects of reason-
able errors in actual resistor values used. Such 
effects of course act to influence any system of 
coupling and impedance matching, so in practical 
work it is not necessary to split hairs, or ohms 
either, for that matter. This does not mean that a 
good technician can afford to be careless or 
or sloppy, nor does it mean that considerable 
effort should not be made so to locate antennas 
and dress transmission lines that unbalance is 
kept to a minimum. But it does allow a little lee-
way in impedance tolerances, which permits faster 
work in most cases. 

The Matching Transformer. — The most effect-
ive impedance matching device for use where 
several stations widely separated in frequency 
are to be received, and little attenuation of the 
signal can be tolerated, is the matching trans-
former illustrated in Fig. 20-24. This transformer 
has three windings mounted on a common form. It 

is designed specifically to match a lowimpedance 
unbalanced coaxial transmission line to a balanc-
ed 300-ohm receiver input, as commonly found in 
commercial TV receivers. 

A schematic diagram of such a unit installed 
between a 50 ohm transmission line and a 300 
ohm balanced receiver input looks like Fig. 20-24. 

The number of turns in each coil and the coupl-
ing between the windings is so arranged that the 

impedance seen between terminal 1 and the com-
mon connection 2,4,6,8 is 50 ohms, and that be-
tween terminals 5 and 7 is 300 ohms. The losses 
in such a transformer are low, the voltage output 
being about 0.9 of the voltage input on the low 
band and about 0.7 on the high band. This means 
that they can be used in applications where the 
signal level is very near the lowest usable value. 

The impedance values of the units are so accu-
rate that the standing wave ratio produced by their 
insertion into a flat line is only 1.1 to 1. Since 
ratios as high as 3 or 4 to 1 can often be toler-
ated, this ratio is entirely negligible. Conse-
quently, in many applications the use of matching 
transformers and coaxial line is justified, as they 
often make reception possible when other means 
of coupling antenna to receiver are inadequate. 

USES OF TRANSMISSION LINE STUBS 

20-7. We have already considered the use of 
quarter wave sections of transmission line as 
linear transformers, which are sometimes called 
Q sections. There are two other ways in which 
you are likely to use stubs, both considerably 
more common than Q sections, and hence more 
important to you in practical work. These are for 
(1) tuning out reactance to reduce standing waves, 
and (2) reducing the strength of interference or 
overly strong television signals. 

Stubs For Reactance Cancellation. — We saw 
earlier how a section of line less than a quarter 
wave long at the frequency under discussion 
could be made to look like an inductance or capa-

citance at its input end. With the opposite end 
shorted, the input looks inductive, and it it is 
left open, the input looks capacitive. Now, we 
know that if a transmission line is not terminated 
with a load which is a pure resistance, ZR, equal 
to the Zo of the line, some of the r-f energy put 
into the line will be reflected back from the load 
toward the source. This will produce standing 
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waves on the line, and if there is reflection from 
the source end of the line as well, the energy 
coming back from there will result in still another 
set of standing waves. You can readily see that 
the situation can get pretty complicated. 

Unfortunately, this is not just something that 
happens in theory, either. In practical television 
work, any serious reflection from the receiver 
input may result in a situation just like what was 
described in the last paragraph, because it is 
almost impossible to design an antenna that 
looks like a pure resistance of the proper value 
to match the line Zo at all frequencies within the 
television bands. This means that signal energy 
reflected from the receiver input back to the an-
tenna will be reflected there again, back down 
the line to the receiver. If the line is long enough, 
the reflected part of the signal will arrive back 
at the receiver input enough later than the original 
signal to produce a ghost image. If the reflected 
signal is pretty strong as compared to the original 
signal, there can be a whole series of ghosts 

displaced at equal intervals to the right of the 
main image, each one being progressively weaker 
than the last. 

receiver input 
coil 

300R 

balanced 

6 (grid.) 

7 (300R) 

8 (gnd.) 

Components of Receiver Input Impedance. — 
In many earlier model TV receivers, the input cir-
cuit was designed to provide as good a match to 
the line as could reasonably be obtained with-
out resorting to a separate tuned input circuit for 
each channel. Even so, the impedance match in 
such sets is better at some frequencies than 
others, and that is where stubs are useful. A 
properly adjusted stub can be connected across 
the line at the receiver input (or in fact, at any 
convenient point), to cancel remaining reactive 
effects when they are troublesome. 

Now, a complete analysis of all the possible 
conditions that can exist at the receiver input 
would get pretty complicated, for the apparent 
input impedance is likely to look quite different 
at different frequencies. In practical receivers it 
is usually a fairly pure resistance at some fre-
quency within the television, bands. This resis-
tance is pretty close to the Zo of the line, and 
thus makes a good match, resulting in very low 

reflection at that frequency. Also, the Q of the 
input circuit is deliberately kept rather low, with 
the result that over a rather broad band of fre-
quencies near the one where pure resistance is 
seen, it continues to look mostly resistive, and 
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presents a reasonable impedance match to the line. 
No trouble. However, at some frequencies far re-
moved from the " best" frequency, it is possible 
for the input to look rather reactive, being either 
inductive or capacitive, as the incoming signal 
is below or above the " best" frequency, which 
is actually the frequency at which the input is 
broadly resonant. 

In some cases this effect may be great enough 
to make reception poor, particularly if the signal 
from the station on the channel in question is 
weak. A stub can be used here to improve recep-
tion on the bad station, and fortunately we don't 
need a laboratory full of instruments to find out 
whether the receiver input is inductive or capa-
citive. You don't actually need to know, for all 
you need do is try a stub cut about two thirds or 
three quarters of a quarter wave long connected 
across the receiver input. Shorting or opening the 
free end of the stub will give you the effect of 
shunt inductance or capacitance at the receiver 
input, and pruning the length of the stub will give 
you more or less of each. With this sort of cut 
and try you can often improve reception on the 
weak station to a point where it is acceptable. 

Naturally you are not getting something for 
nothing here. What you are doing is tuning the 
receiver input higher or lower, thus making its 
response to the weak station change somewhat. 
This means that the response to the other stations 
will change somewhat as well, and you must 
check across the other channels to see whether 
you are losing more signal on any other stations 
than you can afford. In practice, it is often possi-
ble to reach a compromise adjustment of the stub 
that brings in the weak station, but does not 
weaken the others too much. 

Reactance Along Transmission Line. — The 
theory underlying this use of stubs is quite 

no standing wove 

on this port of line 

simple when you think back to what we were dis-
cussing earlier about the action of transmission 
lines. We know that if the load end of any line is 
terminated in a load impedance Zs that is not a 
pure resistance (has inductance or capacitance 
as well as resistance) or is not the same value 
of resistance as the Zo of the line, there will be 
reflection and standing waves. We also know that 
at some one point in each quarter wave length of 
line as we move away from the load, there will 
be a place where the resistive part of the im-
pedance seen looking into the line toward the 
load will be equal to the Zo of the line. The 
trouble is that there will be some nasty old re-
actance hanging around that same point, even 
though the load be a pure resistance, if the value 
of the load resistance does not match the line Zo. 
The reactance in this latter case may be only 
apparent, but it has the same effect as would a 
real reactance connected across an exactly 
matching load resistance at the point in the line 
we are considering. 

Since it acts the same as a real reactance, we 
can get rid of it in the same way, by connecting 
a suitable stub across the line at that point. The 
stub we use must present an equal and opposite 
reactance, which we can achieve by cut and try 
methods, with the result shown in Fig. 20-25. 

In most later model TV receivers, the input cir-
cuit is individually tuned to each channel, and 
as a result the problem of mismatching is practi-
cally eliminated in normal installations. 

Stubs as Trap Circuits. — Other stubs are 
sometimes used to weaken or eliminate specific 

signals present at the receiver input when for 
some reason or other this is necessary. As an 
example, consider a set owner living very near 
the transmitter antenna of a station on, say 
Channel 5, who occasionally wishes to enjoy the 

to antenna 

stub open 

or shorted 

Fig. 20-25 
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impedance component 
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programs of stations further away, transmitting on 
Channels 4 and 6. Often the Channel 5 station 
will be so strong as to overdrive the input stage 
of his receiver when it is tuned anywhere near to 
Channel 5, completely preventing reception of 
Channels 4 and 6. To further aggravate the matter, 
it is quite likely that Channel 5 itself will show a 
very bad picture, because the receiver is badly 
blocked by the excessive signal level. 

In this case a transmission line stub cut a 
quarter wave long at the Channel 5 frequency 
should be tried, connected across the receiver 
antenna terminals, as in Fig. 20-26. 

receiver antenna terminals 

Fig. 20-26 

open stub ÷ long 

at unwonted signal 

frequency 

Note that the end of the stub is not shorted. 
In this condition it looks like a series resonant 
circuit, and offers a very low impedance at the 
frequency at which it is a quarter wave long. 
Since this low impedance is shunted across the 
receiver input, the Channel 5 signal voltage actu-
ally impressed on the first tube grid will be great-
ly reduced. This method can be applied to reduce 
any interfering signal if its frequency is known, 
and does not change too much. However, the 
stub must be carefully "pruned" to exactly the 
right length for maximum attenuation of the un-
desired signal while it is in the exact physical 
position it will finally occupy. Otherwise, the 
best result may not be obtained, because of 
subsequent detuning of the stub in mounting it. 

In practical work, it has been fbund that the 
use of half-wave stubs with the end not connected 
to the receiver shortcircuited is generally more 
satisfactory, because it is much less easily de-
tuned by surrounding objects. Electrically the 
effect is the same, as would be expected from 
theory. 

It must not be thought that any of the uses of 
stubs described here is a sure cure-all for inter-
ference or strong-signal problems. No single 
measure can be relied on to solve such problems, 
as conditions vary greatly from case to case, but 
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these uses .of stubs as series resonant traps are 
worth trying. 

ATTENUATION DEVICES 

20-8. It is sometimes necessary to reduce 
the level of all signals reaching the receiver input 
by a definite amount, in order to provide satis-
factory reception. This condition can easily occur 
when the receiver is located quite near the trans-
mitting antennas of the TV broadcast stations to 
be received. At first thought it might seem that 
using a less efficient antenna would solve the 
problem, and indeed in a few cases this alone 
may reduce the signals enough to prevent over-
driving the receiver input. However, it may well 
be that reflections in the area make it necessary 

to use efficient directional antennas to avoid 
ghost difficulties, in which case it is necessary 
to use other methods of attenuating the signals 
applied to the receiver input. 

As we have already seen, practical trans-
mission lines themselves introduce some attenua-
tion, but this is seldom very large, and in any 

case the use of extra lengths of transmission line 
to attenuate the signal would be both expensive 
and impractical. The most convenient and practi-
cal method of introducing a known, fixed amount 
of loss for all signals reaching the receiver 
through the line is by means of resistor networks 
known as attenuation or loss pads. 

Design of Attenuation Pads. — Formulas for 
calculating the proper resistor values for useful 
amounts of loss are available in various engi-
neering handbooks. In fact, a great number of 
different types of pads are possible, but we need 
concern ourselves here only with the few formulas 
that will really be of some use in practical appli-
cations. This means almost entirely 300 ohm 
balanced lines or 72 ohm unbalanced lines. The 
resistor configurations most useful with these 
lines are shown here. 

Z,„ equal lo 4., 

Fig. 20-27 

!;ci, 
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The formulas for the resistors in both the pads 
are the same, and can be written like this. 

R3 = 

2Z 

N-1 

R2 = R1 = Z r i\j" 

Here Z is the impedance in and out of the pad in 
ohms, and N is the ratio of power in, to power 
out. To calculate a pad with 6 db loss for 300 
ohm line, ( voltage ratio of 2 to 1, or power ratio 
of 4 to 1) substitute values as follows: 

R2 r_ 

2 ( 300) 11 1200 

4-1 = 3 
400Q 

/74' -1  
300 — = 30(:q. 100Q 

1/4 +1 

This 6 db loss pad is one of the most useful, 
as it cuts the signal voltage to just one half the 
original value, and this usually proves sufficient, 
excepting in the very strongest signal areas. And 
of course, resistor pads giving greater amounts of 
loss can be designed when they are required, 
using the same formulas. It's worth remembering 
that, in practical cases, it is not necessary to 
have exactly the right resistor values .in such 
pads. Using the nearest standard resistors to the 
calculated value will be close enough, as the 
manufacturers of such components have agreed 
on a sequence of resistor values that permits 
approximating any desired value close enough for 
practical purposes. Incidentally, this practice is 
quite general throughout the radio and electronic 
industries, regarding components of all sorts. 
The Radio Manufacturer's Association (RMA) 
standards are universally used for resistors, 
capacitors, tubes, and many other components, to 
avoid the confusion and waste that would other-
wise result. 

Uses of Loss Pads. - More specific informa-
tion on the uses of resistive networks for im-
pedance matching, strong signal reduction, and 
other purposes has been given in Lessons 10, 13, 
and elsewhere in this course. In general, it will 
be found that a few standard pad values, such as 
3 db, 6 db, and 9 db loss will handle most of the 
strong signal problems, and a few of these can 
be kept handy in the truck. A table of resistance 
values for these pads, for use with both 50 and 

300 ohm line, is given in Table A. These are not 
the computed values, but the nearest RMA stand-
ard values to them. 

TABLE A 

D b 
Loss 

Voltage 
Ratio 

P aver 
Ratio 

Line 
Impedance 
(ohms) 

R1 
(ohms) 

R 2 

(ohms) 

3 1.41 2 72 

300 

12 

47 

160 

820 

6 2.00 4 72 

300 

24 

100 

100 

390 

9 2.83 8 72 

300 

33 

150 

62 

270 

12 4.00 16 72 

300 

43 

180 

39 

150 

It is easier to make up such pads in the shop 
than out at a location, and of course, there's no 
point in making things any tougher than they have 
to be. Incidentally, don't forget that, useful as 
pads are, they reduce all signals in the same pro-
portion, and cannot be used to discriminate 
against one channel, and not another. 

PRACTICAL TRANSMISSION LINES 

20-9. In discussing transmission lines so far, 
we have considered only theoretical lossless 
lines, in order to learn the principles which con-
trol their action. With this knowledge firmly in 
our grip, we can now have a look at the various 
kinds of practical transmission lines actually 
used in television receiving installations. 

Effect of Resistance in Actual Lines. - In 
studying practical transmission lines, one very 
general fact which affects the action of all prac-
tical lines is that, unlike the theoretical lossless 
lines we have been considering, there are always 

some losses of energy in the line itself. This 
energy appears as heat developed in the resist-
ance of the conductors and in the dielectric, and 
in almost every practical use of transmission 
lines is small enough to be neglected entirely. 
Indeed, in receiving installations, it would be 
extremely hard to measure such a small amount of 
heat energy. In fact, for most actual receiving 
applications, the only serious effect of the losses 
in the transmission line is the reduction of signal 
voltage available at the receiver input terminals 
to operate it. 



Practical Transmission Lines 

There is one other effect which shows up in 
practical lines as compared to theoretical ones. 
Because there are finite losses in the line, and 
because the dielectric constant of the line insula-
tion is usually considerably greater than that of 
free space, which has a value of 1.0, the waves 
do not travel as fast in a transmission line as 
they do in free space. The difference in speed is 
expressed as a decimal fraction of che free space 
velocity, and it is called the Propagation Velocity 
Factor (PVF) of the line, or often simply the 
velocity factor. 

Parallel Wire Line. — By far the most com-
monly used type of transmission line is the sort 
made up of two parallel conductors imbedded in a 
strip of semi-flexible solid dielectric material, 
which holds them together at the proper spacing. 
This type is made by a number of manufacturers, 
but the entire industry has more or less standard-
ized on lines of certain characteristic impedances 
and power handling capabilities, and the materials 
enployed by all are quite similar. The parallel 
wire line used commonly in TV installations has 
a characteristic impedance of 300 ohms. 

The conductors are copper wire, stranded for 
reasonable flexibility, and the dielectric is almost 
invariably some form of polyethylene, which is 
about the only material now known having the 
requisite combination of electrical and mechanical 
properties, which can be produced at reasonable 
cost. The nortnally transparent polyethylene is 
often colored dark brown by addition of an anti-
oxidation agent in the form of a dye, to prevent 
deterioration by the oxygen of the air and the 
action of sunlight. Parallel two conductor line 
of this type is made in standard characteristic 
impedances of 75, 150, and 300 ohms, and has 
loss and velocity factors as shown in Table B. 

TABLE B 

Attenuation in db oer hundred feet 

Z o P VF* 50mc 90mc 170mc 200mc 

75 0.68 2.3 3.6 5.7 8.4 

150 0.77 1.5 2.5 4.0 4.6 

300 0.83 1.05 1.5 2.1 2.3 

300** 0.83 0.85 1.2 1.7 1.82 

*PVF, Propagat'on Velocity Factor, is the decimal 
fraction by which the free space velocity of a radio 
wave must be multiplied to find the velocity in the 
line. It may also be stated as a percentage. 

• *Tubular receiving type. 
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Another somewhat similar line is now avail-
able, with considerably modified characteristics. 
In it the conductors are imbedded diametrically 
opposite each other in the wall of a round poly-
ethylene tube. It is less subject to flapping and 
damage by the wind than regular twin conductor 
line, and is less subject to change of properties 
in wet weather, as moisture on the surface is kept 
out of the space directly between the wires: 

Coaxial Line. — Another commonly used 
practical transmission line is the coaxial type, 
with one conductor completely surrounding the 
other along the entire length of the line. In this 
design the electromagnetic field is confined to 
the space between the outside of the center con-
ductor and the inside of the outer conductor. The 
dielectric material is again polyethylene, the 
inner conductor is either stranded or solid copper 
wire, and the outer conductor is a closely woven 
braid of copper wires, sometimes tinned or silver 
plated. A close-fitting black vinylite jacket is 
moulded on over the braid for weather and me-
chanical protection. As compared to the more 
commonly used nnulded pair line like twin 
lead, coaxial line is heavier and more rugged 
mechanically, has somewhat greater losses and 
a lower propagation velocity, is much less subject 
to antenna effect or change of electrical pro-
perties by the weather, and costs more. 

It is unbalanced to ground, because the outer 
braid has capacity to ground but the inner con-
ductor has not, due to the shielding effect of the 
braid. Nevertheless, it is definitely superior 
where the somewhat greater losses can be toler-
ated, if there is trouble with pickup of unwanted 
signals or noise on the transmission line itself. 

Two-Wire Shielded Line. — Still another type 
of transmission line combines many of the good 
properties of both the ribbon and coaxial types. 
It consists of two wires carried within individual 
small tubes of polyethylene, with a shield braid 
surrounding both the dielectric tubes. A vinyl 
jacket is put on over the braid for weather and 
abrasion protection. Also, a refinement of the 
inner construction reduces the losses consider-
ably. This consists of a polyethylene thread 
wound spirally around each conductor within the 
polyethylene tube. The thread spaces the wire 
away from the walls of the tube a uniform dis-
tance, which reduces the amount of solid dielec-
tric in the strong part of the field very near the 
wire surface. This line is particularly effective 
in areas where local noise and weak signals are 
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a problem, as we saw in Lesson 10. It combines 
low loss with the fact that the line is balanced 
to ground. 

It is also possible to make up a balanced line 
with a double run of coax, using the center con-
ductor in each length as the conductors in the 
line, and grounding the shields. The impedance 
of such a line is about 100 ohms, and it is oc-
casionally useful when the regular two-wire 
shielded line is not available. The PVF and loss 
factors for these lines are shown in Table C. 

TABLE C 

Attenuation in db oer hundred feet. 

Type Z 0 PVF* 50mc 90mc 170mc 

RG-8/U 52 0.66 1.4 db 2.0 db 3.0 db 

RG-11/U 75 0.66 1.3 1.7 2.5 

RG-58/U 53.5 0.66 2.7 3.9 6.0 

RG-59/U 73 0.66 2.5 3.5 5.4 

ATV-225 225 0.84 2.3 3.0 4.5 

*PVF, Propagation Velocity Factor. 

You probably are already familiar with the 
appearance of the various lines, but they are 
shown in Fig. 20-28 for comparison and reference. 

Which Line to Use? — The general information 
about selecting and using transmission lines hás 
been covered earlier in this Course, principally 
in the Lessons 9, 10, 11, and 12. However a re-
view summary of the more important points here 
will serve as a refresher, and should clear up any 
points that are hazy. If a more complete treatment 
of the practical use of transmission lines seems 
to be what you need, better review the Lessons 
mentioned above. 

In selecting transmission line for a given in-
stallation, several factors must be considered, 
and carefully weighed against each other in 
reaching a decision. For average runs where the 
desired signal level is good, and the noise and 
signal pickup along the transmission line are not 

serious, parallel wire 300 ohm line is most 
suitable. 

Twin conductor line is often fastened along 
the picture moulding or baseboard with well-
spaced plastic headed tacks driven through the 
polyethylene between the conductors, for runs 
inside a building. Spacing the tacks too closely 
should be avoided as this will affect the line 
losses, especially at the higher TV frequencies. 

111111111111111111111_ 
PARALLEL LINE 

300 ü 

MUM 
_ 

PARALLEL LINE 

300 12 heavy duty 

....•••••••••••Mallià 

ANACONDA ATV - 225 

225 Q TWINEX 

RG59/U COAX 

7312 

111111111111111111. 
AMPHENOL TUBULAR TWIN LEAD 300 fl 

Fig. 20-28 

Outside runs are usually held in standoff supports 
screwed to the wall. The use of tacks out of 
doors is not recommended, as action of the wind 
is likely to cause them to wear through the di-
electric and contact the conductors, resulting in 
noise and loss of signal. 

Outdoor Installation. — Outside runs are 
usually held in standoff supports screwed to 
the wall or other supporting structures. It is 
important that the line be held securely and per-
manently in such a way that normal action of the 
wind and weather will not tear it down, or cause 
it to rub and chafe against other objects. Also, 
it should not be led for relatively long distances 
very close to electrical conductors like down 
spouts or lightning rods. Spacing from conductors 
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like these should be by at least three times the 
distance between the conductors of the line, and 
preferably two or three times that far. 

In gener31, horizontal runs of parallel wire 
transmission line should be held to a minimum, 
particularly if they are up high, or broadside on 
to the general direction from which the television 
signals are coming. This will help to avoid ex-
cessive signal pickup in the line, and also is 
somewhat less susceptible to ignition noise pick-
up trouble. 

Putting a number of smooth twists in each run 
between supports also helps to maintain balance 
to ground, and adds negligibly to the length of 
line required. Where it is necessary to run line 
through metal tubes or air ducts, etc., it must be 
supported away from the conducting surface, and 
where possible should be held at or near the 
center of the tube, in order to minimize losses 
and maintain balance. Smooth twisting also helps 
here. The use of care and common sense in run-
ning lines will be more than repaid in the im-
proved and more reliable performance afforded. 

Bends in any kind of transmission line should 
be fairly gradual, in spite of its flexibility; kinks 

should be avoided, and carefully removed when 
they occur, and all connections should be made 
carefully and protected from atmospheric corrosion 
when possible, to prevent the development of 
high resistance connections during the service 
life of the line. Remember also that vinylite and 
polyethylene are both thermoplastic materials 
which can be softened by excessive heat, with a 
resulting temporary weakening of their mechanical 
strength. For this reason they should not be laid 
directly across steam pipes, or in places where 
they will be exposed to hot flue gasses, boiling 
water, etc. 

Special Precautions. — In areas near the 
ocean or other bodies of salt water, use of para-
llel wire line for outdoor runs may be impossible 
without adding an overall covering of seamless 
vinylite tubing for the entire length. This is 
needed because without it salt deposited on the 
surface of the polyethylene dielectric during even 
a short period of service will often increase the 
losses and change the characteristics of the line 
so much that reception becomes impossible. The 
salt does not have to come in contact with the 
wires, but produces the effect merely by being in 
the relatively strong part of the electric field near 
the wires. Salt will be deposited on the flexible 
vinylite tubing sheath of course, but it will be 
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held farther from the wires in a much less intense 
part of the electric field, which reduces the 
losses ereatly. The vinylite tubing and parallel 
wire line should be completely dry when as-
sembled, and the tubing should be carefully 
sealed at the ends to prevent the entry of mois-
ture in service. Even though this is done, drops 
of moisture may be seen inside the tubing after 
some time, due to condensation of water vapor 
from the air which was inevitably included inside 
the tubing during the original assembly. This 
will not ordinarily prove serious. 

Incidentally, it is also good practice to make 
a small slit or hole in the vinylite tubing at the 
very lowest point of the drip loop, where the line 
enters the building. The hole should be made on 
the under side at the lowest point, so that if any 
water does find its way inside the tubing, it will 
drain off, instead of filling up the lower part of 
of the tube. Very little water or other injurious 
matter will enter upward through such a hole, and 
you may be saved a service call by this pre-
caution. 

In receiver installations where long trans-
mission line runs are required, as in city apart-
ments where the antenna is on the roof and the 
receiver is in a lower floor apartment, trouble may 
result from pickup of noise or unwanted radio 
signals on the line, when standard parallel wire 

two conductor line is used. If the desired signal 
level is itself high enough to sustain the slightly 
increased losses without dropping to the receiver 
input noise level, coaxial cable will usually re-
duce the pickup of unwanted signals enough to 

provide satisfactory reception. Such line is also 

mechanically somewhat more rugged than parallel 
wire line, although it should be just as care-
fully supported and protected from excessive heat 
and mechanical damage, merely as good engineer-
ing practice. It can be run near good conductors 
such as metal beams, wire lath, etc., because it 
is very much less sensitive to the effects of near-
by conductors,due to the relatively complete con-
finement of the field, but it is not completely free 
from outside influences, particularly in very long 
air's. Since it is capacitively unbalanced to 
ground, it will usually be advisable to use trifilar 
transformers at one or both ends to provide the 
proper match when the receiver input or antenna 
requires balanced connections and/or an imped-
ance other than that of the line itself. 

In many of the later models of television 
receivers, a special part called an elevator trans-
former is included to accomplish this purpose at 
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the receiver end of the line. By connecting this 
transformer according to the Service Data in-
structions, either coaxial or parallel wire line 
can be properly matched to the receiver input 
circuit. 

Of course, it will often be possible to use 
resistor combinations for impedance matching 
when the signal level is high enough to permit 
the insertion loss, but this should be checked by 
test with the pad being considered, or by use of 
the Survey Meter before making a permanent in-
stallation. 

In extreme cases where noise or signal pickup 
on the line are particularly severe and trouble-
some, it may be necessary to use twin conductor 
shielded line such as Twinex, RG-22/U, or two 
full lengths of RG-8/U connected in parallel. 
This arrangement will provide the greatest possi-
ble immunity to noise and signal pickup along 
the line run itself, but the attenuation will be 
somewhat greater, and of course, such line is 
considerably more expensive. In doubtful cases 
where the improvement to be had must be weighed 
against the increased cost, it will be necessary 
to discuss the question with the set owner, 
making clear in simple, non-technical terms what 
is causing the difficulty. The possibility of re-
ducing the noise or unwanted signal at the source, 
or routing the transmission line through a less 
noisy space in or out of the building should also 
be carefully considered. Running the line by a 
longer route which is well away from serious 
noise sources may actually produce such an im-
provement in signal-to-noise ratio that coaxial 
or twin conductor shielded line is not required, 
with a resulçing overall saving to the customer. 

General Consideration. — In winding up con-
sideration of practical transmission lines, several 
general points which apply to all types should be 
kept in mind. No line should be expected to bear 
any serious mechanical load other than its own 
weight, for while it may be strong enough to do 

so, such loads can change the characteristics of 
the line if sustained over a long period of time. 
This is mainly because polyethylene, like many 
other plastic substances, is subject to cold flow. 
This is a phenomenon which takes place over the 
ordinary range of room and outdoor temperatures 
in certain non-crystaline materials, when they are 
subjected to mechanical stress for a considerable 
period of time. It consists of a more or less 
gradual change of shape by yielding and flowing, 
just as if the substances were a very thick, 
viscous liquid, and if the polyethylene dielectric 
of transmission lines is subjected to sufficient 
pressure over a period of time, it may yield enough 
to permit the conductors to approach each other 
and even touch. At normal temperatures there is 
no danger from this effect unless the line is sub-
jected to excessive strain, as in being bent 
sharply around an edge or corner, or pinched in a 
door or window. 

Another point is the matter of heat applied to 
line materials. Polyethylene and vinylite are 
both softened by heat, and polyethylene melts 
rather sharply at about the temperature of boiling 
water, but will resolidify when cooled without be-
coming tacky, if not heated to the decomposition 
point. This property is convenient when making 
joints in lines, because a carefully cleaned 
soldering iron run at considerably less than 
soldering heat can be used for melting and mould-
ing fragments of polyethylene smoothly into and 
around the joint for weather protection and elec-
trical uniformity. By the same token, care must 
be used when soldering the conductors of trans-
mission lines so that no more intense or long 
continued heat is used than is necessary to do 
the work. If too much heat is used, the poly-
ethylene will be melted back away from the con-
ductors, permitting them to move toward or away 
from each other, or even to short circuits, if the 
dielectric between them is entirely melted away 
at one point. If surfaces are carefully cleaned be-
forehand, and reasonable care is taken, no trouble 
from this source should develop. 
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RADIO TRANSMISSICN OF INTELLIGENCE. 

21-1. In Lesson 6 we studied, briefly, some 
of the properties of electromagnetic waves. In 
addition, we learned about some of the important 
properties of an antenna, such as bandwidth, di-
rectivity, and gain, and discussed the actual 

operating characteristics of various television 
antennas. Since there is a rather close re-
lationship between this lesson and Lesson 6, 
it might be advisable at this point to go back and 
review Lesson 6. This will make it easier for you 
to understand the principles weare about to study. 
In this lesson we are going to be more concerned 
with the why of radiation and antennas, than we 
were in Lesson 6. Specifically, we will cover the 
following main topics: 

a. Transmission of intelligence by radiation. 

b. Composition of the electromagnetic wave. 

c. Propagation of the electromagnetic wave. 

d. Modulation and the carrier wave. 

e. Transmitting and receiving antennas. 

f. Practical television receiving antennas. 

We are all familiar with the transmission of 
intelligence by conventional means. The tele-
phone system is a classic example. We speak into 
the mouthpiece, sound waves are converted into 
electrical impulses, and these electrical impulses 
or their effects are transmitted by wires to their 
destination at the other telephone. Note that the 
transmission is accomplished by wire. It is also 
possible to transmit sound waves directly through 
various transmission mediums such as air, water, 
steel, and other materials. 

Radiation. — In all of the preceding cases, the 
medium of transmission has been a physical ma-
terial, something we can see or feel. However, it 
is possible to send intelligence from one point to 
another without the use of any intervening physi-
cal substance. This may be done by a phenomenon 
known as radiation. By rneans of radiation, it is 
possible to transmit intelligence over long dis-

tances without the use of wires or any other phy-
sical transmitting medium. Indeed, such trans-
mission can be made successfully through a 
vacuum. It is by radiation that the intelligence 
originating at the transmitter reaches out through 
space to excite the receiving antenna. Before 
actually discussing radiation proper, it is first 
necessary to investigate the properties of the 
radio waves that are radiated. 

A radio wave is one form of an electromagnetic 
wave. It is interesting to note that radio waves 
are not the only kind of electromagnetic waves, 
but just one of many. Other examples of electro-
magnetic waves are heat waves, light waves, and 
waves of X-rays. All of these waves are radiated 
in basically the same way and have many proper-
ties in common. 

RADIATION OF ELECTROMAGNET IC WAVES 

21-2. Before we can discuss the radiation of 
electromagnetic waves, we'd better get a clear 
idea of what such waves are. Briefly, an elec-
tromagnetic wave consists of an electric field 
and an associated magnetic field, both travelling 
through space with the speed of light. That is 
probably too brief a description to be of much 
help. So, since these waves consist of travelling 
fields, perhaps we'd better review what we know 
about fields. 

Static Electric and Magnetic Fields. — In 
Lesson 16 (and a few other places since then) 
we defined an electric field as a region of space 
in which a force exists, which can be experienced 
by any charged body entering the region. The 
force of an electric field is set up by the presence 
of charge. We also learned that a magnetic field 
is a region of space in which another force exists, 
which can be experienced by a moving charge, 
magnetic fields are set up by current — that is, 
by charges in motion. 

Up to that point we were concerned only with 
static fields — that is regions of electric or 
magnetic force in which, although the magnitude 
and direction of the force might vary from point 
to point within the field, they did not vary with 
time at any one point. 

Changing Fields. — Our next step was to 
consider fields that vary with time. For instance, 
we learned khat as a current in a wire increases, 
the magnetic force in the neighborhood of the 
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wire increases; and when the current diminishes 
or stops, the force also diminishes or ceases at 
each point in the field. Also, when the current 
reverses in direction, so does the direction of 
the magnetic force. In Lesson 17, in connection 
with the idea of instantaneous power, we learned 
that as a magnetic field is built up around a wire 
due to an increase of the current, energy is taken 
from the generator and stored in the magnetic 
field; and when the magnetic field collapses, this 
energy is returned to the generator. 

A similar set of facts was developed for a 
changing electric field. An electric field exists 
between any two points that differ in potential. 
Thus, an electric field exists between the plates 
of a charged condenser. As the voltage across 
the condenser increases, so does the force of 
the field between its plates. When this happens, 
energy is taken from the generator, and stored in 
the electric field; and when the voltage across 
the generator decreases, this energy is returned 
to the generator. 

If an alternating voltage is applied to a con-
denser, both the electric and magnetic fields 
alternate in direction. The extent of these alter-
nating fields could be increased simply by moving 
the condenser plates further apart, and increasing 
the length of the lead wires. Then, at any point 
in the vicinity of the system, an alternating elec-
tric force and an alternating magnetic force would 
exist simultaneously. But note that in both cases, 
the energy stored in the fields is returned to the 
generator at each alternation. 

We can visualize this ebb and flow of energy 
like this. As the instantaneous current becomes, 
say, 1 ma., the magnetic field strength at the 
surface of the wire is 1 unit of magnetic field 
strength. When the current reaches 2 ma., the 
field at the wire surface is 2 units, while a point 
a foot away has reached a field strength of 1 unit. 
It is as though the " 1 unit point" had moved out 
a foot from the wire. As the current continues to 
increase, the point of 1 unit field strength moves 
further and further from the wire. But when the 
current starts to decrease, this " 1 unit point" 
moves-back toward the wire. 

Now for some new facts. When the frequency 
at which the electric and magnetic fields alter-
nate gets up into the r-f range, strange things 
happen. A part of the energy stored in the elec-
tric and magnetic fields keeps right on going. 
(We'll explain presently how this is known to 
be so.) This means that our "1 unit point", 
when it gets a certain distance from the source, 

becomes two points. One returns to the wire, but 
the other continues to move out through space, 
away from the source. Our wire supplying alter-
nating current to a condenser has become an 
antenna, which is now radiating energy. 

The changing field around the energy source 
can be considered as having two components. 
The part whose energy returns to the source is 
called the induction field. The part whose energy 
continues out through space is the radiation field. 
Each of these components of the changing field, 
in turn, has two parts — a changing electric field 
and a changing magnetic field. 

Let's return to the radiation field, and see 
where the idea of a wave comes in. For simpli-
city, we'll concentrate on just the magnetic com-
ponent of the radiation field. At any point near 
the antenna, there is an instant when the magnetic 
force, or field strength, is a maximum, due to the 
maximum instantaneous current. As the current 
continues to change, the point of maximum field 
strength moves outward from the antenna. It is 
followed by a negative maximum field — that is, a 
region of equal field strength, but opposite direc-
tion. These positive and negative maximums follow 
each other alternately, constituting a wave of 
magnetic field strength travelling out from the 
anetnna. 

At any one point in space, the magnetic field 
strength will therefore alternate in time, as the 
regions of positive and negative magnetic force 
sweep past the fixed point. The time interval 
between consecutive positive maximums is, of 
course, the period of the wave. At any one in. 
stant, the magnetic field will be so distributed 
in space that, if we could travel along a straight 
line away from the antenna, while time stood 
still, we would find that the field would vary in 
magnitude and alternate in direction as we moved 
along this line. The distance between points 
of positive maximum field strength, measured 
along the line of travel, is the wave length. The 
amplitude of consecutive maximums diminishes 
slightly as we move further from the antennas. 

These statements, of course, also hold true 
for the electric component of the travelling field. 
Neither component can exist without the other, 
and for a very interesting reason. We know from 
Lesson 17 that when the flux lines of a changing 
magnetic field cut across a conductor, a voltage 
is induced between the ends of the conductor. 
But if we removed the conductor, the changing 
magnetic field would induce the same potential 
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difference between the points in the space where 
the conductor was! That means that an electric 
field is induced in space by the changing mag-
netic field. Furthermore, a changing electric 
field generates a magnetic field. As a matter of 
fact, this can be considered an explanation of 
the mechanism of wave propagation through 
space. Each field component, as it changes 
rapidly generates the other at points further re-
moved from the antenna. 

The Elementary Dipole. — Let us assume that 
for experimental purposes we have a very short 
antenna. This antenna is so short that, regardless 
of the frequencies involved, the current in the 
antenna will be the same throughout its length. 
This is unlike an ordinary, actual antenna, where 
the value of current varies along its length. This 
short experimental antenna will be known as an 
elementary dipole. 

Now let's take this elementary dipole and con-
nect to it an alternating current generator whose 
output frequency can be varied over a wide range, 

thus: 

elementary *ale 

Fig. 21-1 

The resistance R represents the total resistance 
to the flow of alternating current of the elemen-
tary dipole and connecting wires. It looks as 
though the generator is connected to an open cir-
cuit, but this is not so because there is capacity 
between the two portions of the dipole, and also 
various other capacities to ground which give us 
a complete circuit for alternating current. 

The Induction Field. — Let us adjust the 
generator to a very low frequency, say 10 cycles, 
and examine the conditions in the circuit. We will 
start with the generator voltage at zero, and 
rising toward a positive maximum. Current begins 
to flow in the circuit, as shown by the arrows in 

Fig. 21-1 ( b). As the current begins to flow 
through the wires and the antenna, a magnetic 
field builds up. This magnetic field reaches a 
maximum at the instant when the current is maxi-
mum. However, at the time the magnetic field is 
maximum, there is no charge in or on the capaci-
tance, and the electric field will be zero. As the 
generator voltage decreases from a positive maxi-
mum (but is still positive), the current and magne-
tic field begin to decrease. However, the capaci-
tor voltage (and electric field) begin to increase, 
so that when the current and magnetic field are 
zero, the capacitor voltage and electric field are 
actually a maximum. We conclude from all this 
that the current and voltage (and magnetic and 
electric fields) are 90 degrees apart in time 
phase. This is the phase relation of current and 
voltage across the condenser in any series RC 
circuit, as explained in Lesson 17. At the low 
frequency with which we are presently dealing 
(10 cycles), these fields are the only ones which 
are detectable by practical means, and are known 
as the induction fields. 

The induction fields are not particularly use-
ful for communication purposes, since the strength 
of such fields drops very rapidly with distance. 
To be more specific, the strength of the induction 
fields decreases as the square of the distance. 
This means that every time the distance is 
doubled the field strength falls to one-fourth of 
its previous value. The important reature of the 
of the induction fields is that all of the energy 
stored therein is returned to the antenna and 
none is radiated. If we were to measure the 
power delivered by the generator, we would dis-
cover that all of this power is dissipated in the 
form of heat in the resistance of the wires and 
the antenna. Practically none of the generator 
power is radiated into space at such a low 
frequency. 

The Radiation Field. — Now let us increase 
the generator frequency to some higher value, say 
100,000 cycles. If we examine the operating con-
ditions existing now, we will find that something 
unusual has taken place. That is, the power 
delivered by the generator is not all accounted for 
by the heat dissipation of the resistance. What 
then happens to this power? It leaves the gener-
ator, never to return, but it does not show up as 
heat. Obviously, some power is leaving the sys-
tem and going out into space. This is the phe-
nomenon of radiation by electromagnetic waves. 
What about the induction field we previously dis. 
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cussed? It is still present but at a reduced value 
compared to what it was at 10 cycles. The amount 
by which the strength of the energy of the induc-
tion field has decreased (assuming the same gen-
erator power input) is exactly equal to the amount 
of energy which has been radiated. This is logi-
cal, since all of the energy in the induction field 
is returned to the antenna and therefore any en-
ergy which is not returned must be the energy ra-
diated from the antenna. This failure of some of 
the energy to return to the antenna has led to the 
concept of something called radiation resistance. 

Radiation Resistance. — We can account for 
the energy of the induction field appearing as 
heat in the physical resistance of the antenna 
system. However, the radiated energy does not 
appear as heat, and is not so easily accounted 
for. To assist in calculating and understanding 
antenna radiation we have invented the idea of 
radiation resistance. To account for the radiated 
energy, it is assumed that the antenna, or the 
space surrounding it, has a certain resistance 
which, if it really existed, would consume the 
amount of power that is actually radiated from the 
antenna. Bear in mind that this is not a real re-
sistance, but just something invented for con-
venience. Let us illustrate this radiation resis-
tance by means of a simple example illustrated 
here: 

Fig. 21-2 

Let us assume that our generator is operating 
at 100,000 cycles. We measure a generator volt-
age of 10 volts and a current of 1 amp. This 
means that the power delivered by the generator is 

P = El = 10 X1 = 10 watts 

We measure the resistance R of the antenna and 
connecting wires and find this to be a total of 5 
ohms. There is 1 amp. flowing through this resist-
ance, so the power dissipated in it is P = I2R 

= 12 X 5 = 5 watts. But this accounts for only 
half of the power delivered by the generator. What 
happened to the other half (5 watts)? It must have 
been "dissipated in the radiation resistance" — 
that is, radiated. Let's find the value of radiation 
resistance. We know the current is 1 amp. and the 
power radiated is 5 watts. Since P = I2R, then 

P 5 
R = j =T = 5 ohms radiation resistance. In this 

particular example, we find that the radiation re-
sistance is the same as the real resistance, or 
5 ohms. This is not always the case. At 10 
cycles, for instance, we would have found that, 
with the generator delivering 10 watts, the entire 
amount would have been dissipated in the real 
resistance, and under this condition the radiation 
resistance would be zero. This is only another 
way of saying that practically no radiation takes 
place at 10 cycles. 

What we have said so far seems to indicate 
that radiation, as well as radiation resistance, 
increase as the frequency increases. This is 
definitely the case. As the frequency is increased, 
the amount of energy radiated increases, and the 
energy in the induction field decreases. At some 
tremendously high frequency we would find that 
all of the energy is radiated and the induction 
field no longer exists. It should be noted that for 
the purposes of communication, the energy in the 
induction field is of no value, since it is rapidly 
attenuated over short distances. It is therefore 
the aim of designers to see that as much power 
as possible is radiated from the antenna, and that 
as little as possible remains in the induction 
field. 

Up until now, we have been talking about the 
induction field, and also the fact that radiation 
may take place under favorable conditions. We 
must now examine more carefully just what this 
radiation field is like. 

Differences Between Induction and Radiation 
Fields. — The radiation field differs from the 
induction field principally in two respects. First 
of all, the radiation field does not return to the 
transmitting antenna but travels away from it at 
the speed of light ( 186,000 miles per second). 
Secondly, the electric and magnetic components 
of the radiation field are nor 90 degrees apart in 
time phase but are actually in the same time 
phase. 

Space Relations of Field Components. — So 
far we have neglected an. important fact about 
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electric and magnetic fields — that the forces 
involved have a definite direction as well as 
magnitude. For instance, we know that the lines 
of an electric field between two parallel charged 
plates are perpendicular to the plate surfaces. 
The force they exert on an electron is in the 
direction of these lines. 

This is equally true if the voltage between the 
plates alternates. For instance, if the plates 
are horizontal, the field lines are vertical. As 
the voltage alternates, the force is directed first 
up and then down, alternately. But the force is 
never directed horizontally, or at some intermedi-
ate angle. It is only in this sense that we say 
the direction of an alternating field changes. 

As we have stated, there is always a magnetic 
field associated with a changing electric field, 
and vice versa. The combination of the two con-
stitutes an electromagnetic field. At any point 
in the total field, the directions of the electric 
and magnetic field lines are at right angles to 
each other. The magnetic flux lines are always 
closed loops, with no ends. In the induction 
field about an antenna, the electric field lines 
terminate on the antenna. In the radiation field, 
however, they loop around to link the magnetic 
field lines. But in either case, they are perpen-
dicular at every point in space to the magnetic 
field lines. 

With this brief background, let's examine the 
field of a radiating antenna. 

direction of 
expanding wove front 
out from antenna 
in all directions 

magnetic flux, circles 

in horizontal planes 

Fig. 21-3 

small area of 
wove front 

Configuration of the Radiation Field. — We'll 
start with our elementary dipole, which we will 
set up in a vertical position in space. The an-
tenna is then said to be vertically polarized. 
Television antennas are, by general agreement, 
horizontally polarized. But for the moment, the 
vertically polarized antenna serves better to 
illustrate the relations involved. With the an-
tenna in this position, the magnetic field lines 
will be in the form of concentric circles, lying 
in horizontal planes. The configuration of the 
electric field lines is shown in Fig. 21-3 

When a wave is radiated from an antenna, the 
electric and magnetic fields both move out in all 
directions The electric component links the 
magnetic component, but is at right angles to it, 
or lying in vertical planes as shown in the figure. 
As the fields spread out into space, they form 
spheres of ever growing dimensions. 

Any of these spheres is a wave front. A wave 
front is merely an imaginary surface, over all 
parts of which the field strength has the same 
magnitude at any instant. However, if we are 
a large number of wavelengths away from the 
transmitting antenna, the dimensions of the 
spherical wave front will be so great that the 
advancing waves will appear to be arriving in a 
flat plane. This is true for the same reason that 
a small portion of the earth's surface appears to 
be flat. If we take a small area of the wave front, 
as indicated by the dotted lines in Fig. 21-3, and 

-electric flux , in 
vertical planes 
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expand it, we have an enlarged "picture" of the 
electromagnetic wave, as it appears to a receiving 
antenna, thus: 

Celectric flux 

gt, 

magnetic flux 

(direction of travel's 
toward us, out of the page) 

Fig. 21-4 

This represents the fields of a vertically 
polarized radiated wave. The electric field lines 
are seen to be parallel to the antenna. As men-
tioned in a previous lesson, the direction of 
polarization of a wave is the direction of the 
electric field, which in turn is determined by 
the position of the transmitting antenna with re-
spect to the plane of the earth's surface. There-
fore, this is a vertically polarized wave. Note 
also that in this small section of the wave front, 
the magnetic field is at right angles to the elec-
tric field. Tir arrows on the various lines repre-
sent the direction of lines of force. 

Referring back to Fig. 21-3, it will be noted 
that direction of propagation (that is, the direc-
tion in which the wave front is moving) is at 
right angles to both the electric and magnetic 
fields. 

Thus, in Fig. 21-4, the wave front is moving 
toward you, out of the page. This direction of 
travel is perpendicular to the field lines of both 
components of the radiation field. It must be 
realized that this is an instantaneous picture 
of the wave front. As the wave front travels past 
a given point, the intensities of the fields vary 
sinusoidally with time. Realizing this, we can 
see that if we "snap another picture" at the 
receiving point, one half cycle later than Fig. 

21-4, the direction of the lines of force of both 
components of the radiated field would be re-
versed. On the other hand, if only one set of 
lines changes direction this would indicate that 
the diréction of travel of the wave front had re. 
versed. That is, the wave which was previously 
coming toward you out of the page, would now 
be going away from you, into the page. 

If we could actually see a cross section of the 
moving fields — the section being taken in the 
plane of propagation — we would see a picture 
like this: 

direction of 
propogotion 

Fig. 21-5 

Here we are looking at the vertical electrical 
field as it sweeps past us, causing the electric 
field strength at a fixed point in the path of the 
wave to vary sinusoidally with time. The dots 
represent magnetic field lines pointing toward 
us, and the crosses are magnetic field lines 
pointing away from us. The whole system of 
fields, electric and magnetic, is of course moving 
at the same speed toward the right. 

There is one final point to be drawn from 
these " pictures" of the moving field. Remember 
that the electric field lines represent the direc-
tion of an electric force. Such forces exist only 
between points that differ in potential. Hence, 
there is a potential difference in space between 
any two points on the same field line. Appear-
ances to the contrary notwithstanding, there is 
no potential difference between points in the 
same horizontal plane, but on different field 
lines. If there were, the field lines could not be 
vertical, since there would then be an electric 
force along the direction of travel. This is an 
important point, since it explains why a TV 
antenna picks up practically no signal if it is 
oriented so its end points toward the transmitter, 
rather than facing it broadside. We'll discuss 
this again, when we take up receiving antennas. 
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Summary: Let us now take out a minute to 

summarize the important points of radiation so 
far. First, there are two electromagnetic fields, 
or sets of fields, present in the vicinity of the 
transmitting antenna. These are the induction 
field and the radiation field. Each has an elec-
tric and magnetic component, at right angles to 
each other. The components of the induction 

field are 90 degrees out of time phase, and exist 
only in the vicinity of the transmitting antenna. 
They are not radiated. In general, the energy in 
the induction field is not useful for communica-
tion, as it is returned to the transmitting antenna. 
The radiation field is the one actually used for 
long distance communications. Its electric and 
magnetic components are in the same time phase, 
and travel outward in all directions from the an-
tenna with the speed of light. The energy in 
the radiation fields is not returned to the trans-
mitting antenna, but goes out into space. The 
polarization of the radio wave is defined as the 
direction of the electric field, which in turn is 
determined by the physical position of the trans-
mitting antenna with respect to the earth's sur-
face. For example, an antenna which is positioned 

vertically will radiate a vertically polarized 
wave. 

Frequency is a very important factor in radi-
ation. At very low frequencies there is prac-

tically no radiation at all, most of the energy 
remaining in the induction field. As the fre-
quency is increased, the amount of radiation 
increases and the energy in the induction field 
decreases. At very high frequencies, most of 
the energy is radiated, and very little remains 
in the induction field. 

MODULATION AND SIDEBANDS 

21-3. When you speak into the microphone 
at a broadcast station, you generate electrical 
waves with frequencies in the audio range. 
These frequencies may range from below 100 
cycles to approximately 15,000 cycles. In the 
case of wire transmission, these audio frequen-

cies are sent out over the wires unchanged, and 
are received in their original form to actuate 
sound reproducing devices. This is a relatively 
simple and straightforward process, and it would 
be nice if this could be applied directly to radio 
transmission. Unfortunately, this is not the case, 
and there are several good reasons why we can-
not transmit audio frequencies directly. 

First of all, we must transmit the entire band 
of audio frequencies starting at about 100 cycles. 
From our previous discussion we learned that 
very little radiation takes place from our elemen-
tary dipole at such low frequencies. It is possi-
ble tohave radiation occur at 100 cycles, but this 
would require an antenna whose length would 
exceed 1000 miles, and another similar antenna 
for receiving. This is a lot of wire just to trans-
mit a few miles, and there wouldn't be much per-
centage in such a system. Besides, the average 
backyard would have difficulty accomodating a 
suitable receiving antenna. 

Even if it were practical to transmit and re-
ceive such low frequencies there is still another 
factor which would rule out its use for broadcast-
ing. This is the impossibility of separating any 
two stations, since they would all be using the 
same frequency spectrum. Thus, even if the 
system could work, we would be able to have 
only one broadcast station for a very large area. 
There are still other reasons why we cannot have 
successful broadcasting in this fashion, but 
these two reasons are the ones which interest 
us the most. 

Carrier Waves. — Well then, what are we to 
do? We want to radiate the intelligence over 
long distances, but we cannot do it directly. We 
will have to use some intermediate means to 
carry the intelligence. This intermediate means 
or "carrier" must be such that it will ( 1) permit 
efficient transmission by radiation; (2) make it 
possible to separate or "tune" to different 
stations in the same locality. 

You might find it useful to think of a carrier 
in radio terminology, as you do in terms of a 
"carrier" in transportion. Suppose you wanted 
to go from New York to Los Angeles. You could 
walk it, if you were young and foolish, but this 
would be pretty impractical. On the other hand 
you could get on board an airplane and be 
"carried" to Los Angeles in a very efficient 
manner. The airplane, in this case, would be 
the carrier. How does all this apply to radio? 
Well, we must provide a radio carrier, which will 
"carry" the intelligence we desire to transmit, 
and do it in a practical and efficient manner. 
This "carrier" in radio consists of a separate, 
additional high frequency, generated by an oscil-
lator that is part of the transmitter. This wave 
is known by the rather logical term of carrier 
wave. The audio signals are made to vary some 
characteristic of the carrier wave, and in this 
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manner, the intelligence is transmitted over 
long distances. 

The carrier wave differs from the audio waves 
(electrical) in two major respects. First of all, 
it is a wave of single frequency, rather than a 
band of frequencies. And secondly, the frequency 
of the carrier is much higher than the audio fre-
quencies. For example, carrier waves used in 
standard broadcasting have frequencies ranging 
from about 550,000 cycles to 1,600,000 cycles 
(550 kc to 1600 kc). Contrast this with the maxi-
mum audio frequency transmitted, which is in the 
order of 15,000 cycles. 

It is necessary that the carrier frequency Be 
much higher than the audio frequencies for two 
important reasons. First, the transmitting fre-
quency must be high so that the transmitting 
antenna and other transmitting and receiving 
equipment will be practical in size and efficiency. 
Second, it must be several times higher than the 
highest audio (or video) frequency, so that it will 
be possible to superimpose the audio (or video) 
frequencies upon the carrier. This point will 
be made clearer when we discuss modulation 
s ide bands . 

In the case of television transmission, this 
latter reason assumes even greater importance. 
While the audio frequencies cnly reach up to 
15,000 cycles, the video (picture) frequencies 
may be as high as 4,000,000 cycles (4 mc.). 
To provide a carrier for such high intelligence 
frequencies, the carrier frequency is required to 
be much higher. The carrier frequencies for 
television broadcasting start at about 54 mc, 
and one of the important reasons for this is to 
accomodate the wide range of video frequencies. 

From the foregoing discussion you now ap-
preciate that it is not possible to transmit audio 
or video frequencies directly. Rather, they must 
be superimposed upon another, and higher, fre-
quency called the carrier. This carrier permits 
the intelligence to travel from transmitter to re-
ceiver. In the process, the form of the intelli-
gence signal is somewhat altered. At the re-
ceiver, the intelligence is extracted from the 
carrier and converted to its original form. 

Modulation. — The process by which intelli-
gence is superimposed upon a carrier is called 
modulation. We may also define modulation as 
the process of varying some characteristic of 
the carrier wave in accordance with the intelli-
gence to be transmitted. Two of the most widely 
used types of modulation are known as amplitude 
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modulation (AM) and frequency modulation (FM). 
Amplitude modulation is the type used in standard 
broadcasting. Both types are used in television 
broadcasting. We are going to discuss amplitude 
modulation here. Frequency modulation will be 
covered in a later lesson. 

Amplitude Modulation. — Let us first try to 
define amplitude modulation and then see how 
it works. We may say that amplitude modulation 
is the process whereby the amplitude of the carrier 
is varied in accordance with the intelligence to 
be transmitted. Let's see how this works out. 
We will assume for the sake of simplicity, that 
we have a single audio tone of 1000 cycles (1 kc) 
which we desire to have transmitted. This can 
not be done directly, so a carrier of 1000 kc has 
been decided upon. These two waves are illus-
trated here. 

(a) audio modulating voltage 

III 

II 

II 

(b) unmodulated r- f voltage 

Fig. 21-6 

Now recall that the amplitude of a sine wave 
was defined in Lesson 17 as its maximum value. 
The result of varying, or modulating, the amplitude 
of the carrier wave in accordance with the audio 
signal is a brand new waveform like this: 

' 

I I 

Fig. 21-7 

It should be pointed out that this last wave 
is not the sum of the carrier and modulating sig-
nals. Merely adding waves of the two frequencies 
would vary the average value of each individual 
carrier cycle, not its amplitude. We will see that 
the modulated wave is, however, the sum of three 
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frequencies — the carrier and two new frequencies 
called the side frequencies. Each side frequency 
differs from the carrier by the frequency of the 
modulating signal. Thus, for the frequency values 
we assumed for our example, the modulated 
wave would contain the carrier frequency of 
1000 kc, plus two side frequencies of 1001 and 
999 kc respectively. 

Circuit for Producing Amplitude Modulation. — 
Before going further with this topic, let us con-
sider the means by which amplitude modulation 
can be accomplished. The simplest circuit to 
understand is the one called a plate modulation 
circuit. Its essentials are like this: 

antenna 

bias 

Fig. 21-8 

Let us first examine the components of the 
circuit and then see how it works. We have first 
of all, a radio frequency amplifier tube, V,. This 
tube is supplied with proper bias from an external 
source. The signal voltage at the grid of V, is 
an a-c wave of 1000 kc. In the plate circuit of 
V, we find a parallel tuned circuit consisting 
of C, and. L1. This circuit is tuned to the carrier 
frequency of 1000 kc, and constitutes the plate 
load of V,. The a-c generator represents the 
source of 1000 cycle alternating voltage. This 
is the audio modulation voltage. It is applied 
in series with the B + supply to the plate of 
V,. The output of the modulation generator has 
a peak value of 200 volts; its peak-to-peak swing 
is therefore 400 volts. The B plus supply is 
200 volts. 

To start with, we will assume that no modula-
tion voltage exists, and V, is just acting like a 
straight radio frequency amplifier. Under these 
conditions we assume that the output of V, is a 
1000 kc sine wave of constant amplitude of 50 
volts, or peak-to-peak value of 100 volts. Now 

we will apply modulation and see what happens 
step by step as shown in Fig. 2 1-9. 

Between A and B, the modulation voltage is 
zero, and as you can see, the output of V, re-
mains constant at 100 volts (peak-to-peak value). 
However, at. point B the modulation voltage begins 
to rise in the positive direction. This makes 
the voltage at the top of the modulation generator 
plus and the bottom minus, as shown at the left 
of the generator in Fig. 21-8. You will observe 
that the modulation voltage now adds in series 
with the power supply voltage. This means that 
the voltage applied to the plate of V, is increas-
ing, and at a rate and amount determined solely 
by the modulation voltage. An increase of ap-
plied plate voltage will result in an increased 
gain of the amplifier, and therefore an increased 
radio frequency output from V„ in direct propor-
tion to the modulation voltage. 

Notice in Figure 21-9 how the radio frequency 
output of V, begins to increase past point B. 
At point C the modulation voltage has risen to 
plus 100 volts. Adding this in series with the B 
plus supply gives us an instantaneous plate volt-
age of 200 plus 100, or 300 volts. This causes 
a further increase in the output of V, to 150 
volts peak;to-peak, and this increase exactly 
follows the shape of the 1000 cycle modulation 
voltage. The modulating voltage reaches its 
positive peak of 200 volts at point D. Adding 
this to the power supply voltage produces an 
instantaneous plate voltage of 400 volts. This 
in turn causes the output of V, to increase to 
200 volts peak-to-peak — double the original 
value — as shown in the figure. 

As we proceed past point D, the modulation 
voltage begins decreasing, but is still positive. 
At point E, it is plus 100 volts and the plate 
voltage is 300 volts. The output of V, now drops 
back to 150 volts, still following the shape of the 
modulation voltage. Proceeding further to point F, 
the modulation voltage becomes zero and the out-
put of V, returns to its original carrier amplitude. 
Going past point F, the modulation voltage be-
comes negative. It now subtracts from the power 
supply voltage so that the instantaneous plate 
voltage of V, is reduced. At point G, the modula-
tion voltage becomes minus 100 volts. This means 
that the plate voltage will be 200 minus 100, or 
100 volts. As shown in Fig. 21-9, the output of 
V1 now has dropped to 50 volts peak-to-peak, but 
still following the waveshape of the modulation 
voltage. At point H, the modulation voltage is 
minus 200 volts, making the plate voltage zero. 
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With zero plate voltage, the output of V, is also 
zero. At point I, the modulation voltage is minus 
100 volts and the plate voltage rises to 100 volts. 
This, as shown, increases the output of V, to 
50 volts. Finally, at point J the modulation volt-
age returns to zero volts, the plate voltage to 
200 volts, and the output of V, to che carrier level 
of 100 volts peak-to-peak. 

If we joined the peaks of the individual r-f 
cycles of the output by a dotted line, you could 
plainly see that it has the exact same shape, and 
so contains the same information, as the original 
1000 cycle tone signal. Thus we have produced 
a 1000 kc cycle wave which is amplitude-modu-
lated by a 1 kc tone signal. This is the wave 
which goes to the transmitting antenna and is 
radiated through space to the receiving antenna. 
As we said before, when this wave comes to the 
receiver, the modulation information is extracted 
from the carrier, and we will again be able to 
hear the 1000 cycle tone. 

In the foregoing discussion, we made one 
statement that may bother you a bit — that is, 
that the variation of the plate supply voltage 
varies the gain of the amplifier. Don't try to 
reconcile this with the expressions for gain of 
an amplifier given in Lesson 19. The r-f ampli-
fier used for modulation is usually operated Class 
C. Its plate current is therefore a series of 
pulses, whose average value does vary with 
changes in the plate supply voltage. These 
pulses of current flow through the tuned load, 
which attenuates all harmonics except the funda-
mental, causing an a-c voltage drop across the 
load whose wave form is substantially sinusoidal. 
In practice, however, it is very difficult to attain 
che requirement that the r-f output voltage be 
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exactly proportional to the instantaneous plate 
voltage. The circuits actually used, therefore, 
are considerably more complicated than the 
simple cne we have discussed. Our purpose 
here is merely to explain what amplitude modula-
tion is, not to present a detailed discussion of 
transmitter design. 

The modulating signal need not be a sine 
wave. It can be a nonsinusoidal audio signal, 
such as is generated when we speak into a micro-
phone. Or it can be the output of a television 
camera, to which blanking and sync pulses have 
been added. Then the carrier amplitude is made 
to vary in accordance with the video signal, and 
thus the carrier wave carries the picture informa-
tion required to operate a TV receiver. 

Sidebands. — We have stated that a carrier 
wave, whose amplitude varies in accordance 
with a sine wave modulating signal, consists of 
the sum of three frequencies — the carrier fre-
quency, and the sum and difference of the carrier 
and modulating frequencies. These sum and 
difference frequencies are components of the 
modulating wave. 

If the modulating signal is not a sine wave, 
but a more complex signal like the video signal, 
it can be analyzed into a fundamenta land a large 
number of harmonics, as explained in Lesson 17. 
Each of these harmonics in the modulating signal 
will produce a pair of side frequencies in the 
modulated wave. When there is more than a single 
pair of side frequencies, the entire lot is referred 
to as the sidebands. Each sideband is a band of 
frequencies extending as far above or below the 
carrier frequency as the highest harmonic of the 
modulating signal. In the video signal, the 
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highest harmcnic required for proper picture repro-
duction is about 4 mc. If the carrier were 100 mc, 
for instance, the upper sideband would include all 
frequencies from 100 to 104 mc, and the lower 
sideband all frequencies from 96 to 100 mc. The 
sidebands are the means by which the intelligence 
of the modulating signal is transmitted. The 
carrier component of the modulated wave does 
not itself carry any of the intelligence. 

In order to transmit the intelligence, therefore, 
the transmitter must radiate not only the carrier 
frequency, but the sidebands as well. Either 
sideband could be eliminated from the radiated 
wave, and the remaining one would still contain 
all the intelligence, though in lesser strength. 
But if both sidebands were eliminated, the in-
telligence would be lost. It is therefore necessary 
that the receiver be so tuned as to accept a band 
of frequencies that includes the carrier and at 
least one of the sidebands. 

Television Bandwidth. — As stated above, 
each sideband of a television signal is a band 
of frequencies about 4 mc wide. If both sidebands 
are to be transmitted, the bandwidth of the entire 
radiated signal would have to be 8 mc. For 
reasons that we need not discuss here, a part of 
the lower sideband is removed from the signal 
before it is radiated, and the bandwidth of the 
radiated signal is therefore about 6 mc. We can 
now consider how this affects the carrier fre-
quencies required. 

It should be clear that the carrier frequency 
must be at least as high as the width of the lower 
sideband. Secondly, the lowest frequency to be 
transmitted must be in the r-f range. Thirdly, the 
entire bandwidth to be transmitted must be much 
smaller than the carrier frequency, in order to 
permit tuning circuits to operate properly. And 
finally, since a number of stations must be able 
to transmit at once, they must use different parts 
of the frequency spectrum, and the station with 
the lowest carrier frequency must meet all the 
requirements previously noted. For these reasons, 
the lowest carrier frequency that can be used in 
television is about 40 mc. In practice, the lowest 
frequency channel used for TV is Channel 2, 54 
to 60 mc. 

Radio broadcasting can and does use much 
lower carriers. This is because the audio band-
width is only twice the highest audio frequency. 
In practice, a channel of no more than 10 kc — 
5 kc each side of the carrier — is used, and gives 
satisfactory reproduction of the original sound. 

Hence broadcast frequency tuning circuits, even 
at the lowest broadcast carrier frequency, can 
be tuned much more sharply than can TV receiver 
tuning circuits. 

PROPAGA T ION THROUGH SPACE 

21-4. Now that we have modulated our carrier 
wave, let us follow it on its journey to a receiv-
ing antenna, and find out what happens to the 
wave en route, and how it is affected by various 
things. In doing this, bear in mind that we are 
interested only in waves at television frequen-
cies, in the range from 54 to 216 megacycles. 

"Line of Sight" Transmission. — At television 
frequencies, radio waves reach the receiving 
antennas along more or less straight-line trans-
mission paths. That is to say, practically the 
only waves exciting the receiving antennas are 
those close to the earth. Waves of this type are 
commonly known as ground waves, and this kind 
of transmission is often referred to as line-of-
sight transmission. The inference is that the 
waves can affect only those receiving antennas 
which can actually be seen from the transmitting 
antenna. This is not exactly true, as we shall 
see, but gives a useful rule of thumb for deter-
mining receiving distances. 

Television transmission must rely upon ground 
waves because at the high frequencies involved 
there is practically no reflection from the ionized 
layers of the upper atmosphere. At lower fre-
quencies, particularly below 30 megacycles, the 
radio waves travelling up are reflected from the 
ionized layers of the upper atmosphere back to 
the earth. These reflected signals may appear 
at the surface of the earth thousands of miles 
away from the transmitter, and are the basis for 
much long distance radio communication. Tele-
vision signals are not reflected ( because of their 
high frequencies), but are assumed to travel 
right through the ionized layers without being 
returned. This restricts television transmission 
to practically line-of- sight distances, but is ad-
vantageous because it prevents reception of 
multiple images due to ionosphere reflections. 

Deviations from Straight Line Transmission. — 
We stated earlier that radio waves are but one of 
many kinds of electromagnetic waves. That word 
"kinds" bears a little explaining. Actually, all 
electromagnetic waves have the characteristics 
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described in Sec. 21-2. They all have an electric 
and magnetic component, at right angles to each 
other and to the direction of propagation. They 
differ only in their frequency and wave length. 
The phenomenon we know as light is merely a 
train of electromagnetic waves of incredibly 
high frequencies ( upwards of 400,000,000 mc). 
Both light waves and radio waves travel at the 
same velocity — about 186,000 miles per second. 
In both cases, the wave length is merely the 
velocity divided by the frequency. 

Since light waves and radio waves are es-
sentially similar, we might expect that they 
would behave in similar fashion. They do. Further-
more, the higher the frequency of a radio wave, 
the more closely its behavior approximates that 
of light. Radio waves are similarly affected by 
objects in their path, which cause them to deviate 
from strict straight line transmission. The effects 
of these three phenomena are much more pro-
nounced at television frequencies than they are 
at radio frequencies in the broadcast band. We 
will examine one at a time to see how each 
affects television signals. Any particular signal 
may, of course, be affected by one, or by any 
combination, of the three, depending on the 
individual circumstances. 

Refraction. — When electromagnetic waves 
pass through a medium of varying density, they 
are bent from their normal path, and in the direc-
tion of the higher density. Such a medium of 
variable density is presented by the earth's 
atmosphere. Since the pressure of the atmosphere 
decreases with altitude, it follows that the 
greatest air density will exist at the earth's 
surface, and that decreasing densities are en-
countered as you rise above the earth. The effect 
of the increasing densities at lower elevations is 
to cause the waves to bend downward toward the 
earth. This bending is actually beneficial to 
television reception since it increases the dis-
tance of reception beyond the line-of-sight. The 
effect is illustrated in Fig. 21-10. 

Fig. 21-10 (a) shows the path of a beam of 
radio waves without refraction. Note that they 

all travel in straight lines, and that the longest 
distance of reception lies on the line TR, which 
passes through the horizon. The path of radio 
waves affected by refraction is shown in Fig. 
21-10 ( b). In this case, waves which might miss 
the earth entirely if it were not for refraction, 
are bent back to the earth and make possible a 
greater distance of transmission, TX. It is possi-

Fig. 21-10 

ble to estimate the possible television trans-
mission distance by the use of the following 
formula, which takes refraction into account but 
assumes a perfectly smooth earth and standard 
atmospheric conditions: 

D = 1.41 Ng-Tr + 1.41 ,g; 

where D = transmission distance in miles, HT = 
height of transmitting antenna (above sea level) 
in feet, and HR = height of receiving antenna 
(above sea level) in feet. Let us try a simple 
example to see how this works out. Assume a 
television transmitting antenna to be mounted 
atop the Empire State Building, 1250 feet high, 
and a receiving antenna to be 100 feet high 
(both above sea level). Find the maximum 
possible transmission distance. 

D = 1.41 sliFC) + 1.41 

D ". 1.41 >< 35.4 + 1.41 X 10 

D = 50 + 14.1 = 64.1 miles 

This means that under ideal conditions the 
mission distance should be about 64 miles. 
ever, ideal conditions are seldom met, and the 

trans-
How-
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actual transmission distances will depend to a 
large extent upon individual terrain conditions. 

The formula given above is of some use though 
in estimating maximum reliable transmission dis-
tance when the type of terrain is known. 

Reflection. — One of the major problems of 
television reception, that of ghost reception, is 
largely due to the effects of reflected waves. 
We are all familiar with the reflection of light 
from a mirror and other reflecting surfaces. A 
similar effect of reflection is encountered with 
radio waves. As the waves travel close to the 
surface of the earth, they encounter various 
objects such as buildings, bridges, towers and 
mountains. If such objects are an appreciable 
part of a wavelength in size, they will cause 
reflections to take place. Reflections may occur 
at any frequency, but are much more serious at 
television frequencies than at standard broadcast 
frequencies, due to the slur ter wave lengths at 
higher frequencies. 

Let's see how this works out. The center of 
the broadcast band is about 1000 kilocycles. The 
wavelength at 1000 kilocycles is 300 meters 
which is about 1,020 feet for a full wave. There 
are not too many objects of such large size in 
the average locations, so that reflection in the 
broadcast band is not too severe, except possibly 
in the downtown areas of large cities. 

Now let's compare this with television wave-
lengths. Take Channel 7, for example, which 
begins at 174 megacycles. This is equivalent 
to about 1.7 meters, which is above 5.8 feet. It 
is easy to see that practically anything will act 
as a reflector at this frequency. Because of this, 
it may often be difficult to secure pictures with-
out ghosts in many locations. There are cases, 
particularly when an indoor antenna is used, 
when the location of parked cars may make a 
great difference in television reception. This 
is because the cars act as efficient reflectors, 
and may cause reinforcement or cancellation of 
the signal arriving at the television antenna. 

Occasionally, reflection works to our advan-

tage. In many downtown areas, it is common 
practice to aim the television antenna to pick 
off a reflected signal from a tall building instead 

of trying to receive the direct signal, which may 
be weak. 

Shadow Areas. — Because tall buildings make 
such efficient reflectors at television frequencies, 
it is often found that a so called shadow area, 

where signal strength is low, exists behind such 
buildings, on the side away from the transmitter. 
It may well be that standard broadcast reception 
will be perfectly normal in a television shadow 
area. This of course is due to the fact that at 
broadcast frequencies the building may only be 
a small fraction of a wavelength high, while at 
television frequencies it may be many wave-

lengths high. The effectiveness of the building 
as a reflector increases when it becomes a number 
of wavelengths high, so that at broadcast fre-
quencies it may be a very poor reflector, while 

at television frequencies the building will be a 
highly efficient reflector. 

Reception may often be obtained in shadow 
areas by utilizing the reflected waves from other 
buildings. Shadow areas may also be found be-
hind large hills and mountains which effectively 
block the signal. Under such conditions it may 
be that the only way to provide reception in the 
shadow would be to install some sort of antenna 
on top of the hill which would act as an inter-
mediate radiator and re-radiate the signal down 
into the shadow area. This is a rather extreme 
case, but a possible solution in mountainous 
regions. 

Diffraction. — There is another type of bend-
ing of electromagnetic waves known as diffraction. 
We previously spoke of shadow areas behind 
large buildings and mountains. Careful measure-
ments have shown that these shadows are not 
as complete as they should be, according 
to the simple geometry of the situation. It has 
been determined that the waves actually bend 
around the intervening objects and tend to fill in 
the shadow, thus: 
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The amount of filling in depends upon the 
frequencies involved. At the broadcast band the 
filling in is usually pretty complete. However, at 
television frequencies the effect is practically 
negligible except in certain special cases. We 
are not going to take up any more time here dis-
cussing diffraction because it is of little im-
portance in television. You should know just 
enough about it though, to keep from getting it 
mixed up with t hings like refraction and reflection. 
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Polarization. — We have previously discussed 
polarization, and we know that the polarization 
of a radio wave is determined by the plane of its 
electric field. This in turn is determined by the 
physical position of the antenna with respect to 
earth. It is interesting to note that standard broad-
cast stations use vertical antennas, providing 
vertical polarization, while television stations 
use horizontal antennas, providing horizontal 
polarization. As you might guess, there are very 
good reasons for this. At standard broadcast 
frequencies, the transmitting and receiving an-
tennas are invariably less than a wavelength 
above the earth. Under these conditions it is 
found that vertical polarization provides greater 
signal strength at the receiving antenna than 
horizontal polarization. Even at very high fre-
quencies, vertical polarization provides better 
results than horizontal, as long as the antennas 
are less than a wave-length above the ground. An 
example of this is the case of communication 
between two mobile units such as police cars or 
fire engines, where the antennas are usually a 
few feet above ground. If you ever observe the 
antennas on police cars you will notice they are 
always vertical. 

With television broadcasting, the situation is 
quite different. The transmitting antenna is gen-
erally located high above the surface of the earth 
on a tall building or special tower. This places 
it many wavelengths above the ground, instead of 
a fraction of a wavelength, as in standard broad-
casting. Then too, the televisionreceiving artenna 
itself may be several wavelengths above the 
ground. Under these conditions, it is found that 
horizontal polarization is favored over vertical 
polarization. One of the primary reasons for the 
choice of horizontal polarization in television is 
that it provides a better signal-to-noise ratio at 
the antenna heights involved. Another advantage 
of horizontal polarization is the relative ease of 
obtaining satisfactory receiving antenna direc: 
tivity patterns. This would be much more difficult 
if vertical polarization were used. There are 
various other incidental advantages, which we 
need not discuss. 

The important thing to remember is that tele-
vision signals. are horizontally polarized. Re-
member that this means the alternating electric 
field at the receiving antenna is in a horizontal 
direction, and at right angles to the direction of 
propagation, while the magnetic field lines are 
vertical. This fact is essential to understanding 
why a television antenna picks up a signal at all, 
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and why it picks up best when it is oriented 
broadside to the signal source. 

TRANSMITTING AND RECEIVING ANTENNAS. 

21-5. In Lesson6, we discussed the properties 
of antennas in general. In this lesson, we are 
going to investigate in more detail the electrical 
behavior of antennas, and try to find out what 
makes them tick. It is consoling to note that in 
general the theory of operation of transmitting and 
receiving antennas is the same, so we don't 
have to tac kle two different theories. For example, 
if a certain current and voltage distribution 
exists on a resonant center-fed antenna used for 
transmitting, the same distribution will appear 
when this antenna is used for receiving. (The 
actual magnitudes of current and voltage will be 
much less for the receiving antenna). If a trans-
mitting antenna has aninput impedance of 72 ohms 
at a particular frequency, then this antenna would 
also have an impedance of 72 ohms as a receiving 
antenna at the same freqtency. Thus we see that 
transmitting and receiving antennas do have a 
lot in common. 

Directivity. — The first thing we are going to 
investigate is what makes an antenna directional. 
Why should an antenna receive and transmit best 
from certain directions? 

Let us first look at the conditions existing in 
a resonant dipole. Incidentally, if you will re-
member, we said in Lesson 6 that a dipole had a 
certain " best" frequency at which it provided the 
most signal to the receiver. Now that we are 
further along in the course we will speak of this 
as the resonant frequency of the dipole. You are 
already familiar with resonance from your study 
of tuned circuits. As we said before, when a 
dipole is an electrical half wavelength long, it 
is resonant. The current and voltage distribution 
of a resonant dipole looks like this: 

Z-2500.11.  
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This type of graph is called a " standing wave" 
pattern, which you have become familiar with from 
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Lesson 20. As a matter of fact this is the same 
type of pattern, youwill see on an open circuited 
half-wave transmission line. Note that the current 
is a maximum at the center of the antenna and 
reduces to a minimum value at the ends. Con-
versely, we find that the voltage is maximum at 
the ends and minimum at the center. 

Electrical impedance, we have learned, is the 
ratio betweenthe voltage and current at any point, 

Z = This also gives us a method of determining 

the impedance at any point along an antenna. 
Simply take the ratio of the voltage to the current 
at the desired point, and you have the impedance 
at that point. Let's see how this works out. If 
we look at the center of the resonant dipole we 
find that the voltage is low and the current is 
high. The ratio of voltage to current and therefore 
the impedance, must be low. Theoretically, this 
value of impedance at the center of a resonant 
dipole is 73 ohms. Practically, it is less, due to 
the effects of nearby objects. At the ends of the 
resonant dipole the opposite condition prevails. 
That is, the voltage is high and the current low. 
This makes for a high ratio and therefore a high 
impedance. We will find that the impedance at the 
ends of a resonant dipole may be in the order of 

2500 ohms. 

Now that we have seen the distribution of 
current and voltage, let's get on with the business 
of why a dipole has directivity. In order to simplify 
this, we are going to be concerned with the mag-
netic fields at the moment. (The electric fields 
are also present, being produced by the magnetic 
field.) From the figure above (21-12), we have 
seen that the current is maximum at the center 
and drops off toward the ends. The strength of 
the magnetic field is directly proportional to the 
current, and so is. maximum at the center, and 
minimum at the ends of the dipole. We will re-
present the relative strengths of the magnetic 
fields by lines of force as shown here: 

Fig. 21-13 
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Note carefully that at the center of the dipole, 
where the magnetic field is strongest, we have 
the greatest concentration of lines of force; while 
as we go out toward either end of the dipole the 
lines tend to thin out due to a smaller current 
value. Lines of force about the center of the 
dipole, which have a high concentration, tend to 
face the adjacent lines of force away from the 
center, and out toward the ends. However, the 
lines of force which are near the exact center are 
balanced by the total forces on either side, arid 
therefore cannot move sideways along the dipole, 
but must move straight out in a direction perpen-
dicular to the plane of the dipole. These centrally 
disposed linee are in phase, and meet out in 
space at distant points where they reinforce each 
other, as shown in Fig. 21-13. 

Since these are the lines of force of greatest 
strength it follows that the radiation (or reception) 
of our dipole will be maximum in any direction 
perpendicular to the plane of t he dipole. Remember, 
though, that the only lines of force that move 
straight out in this manner are those right near 
the center. Lines of force to either side of the 
center experience a side force also, which tends 
to move them out toward the ends of the dipole. 
However, as they are moving to the side, the 
lines are also expanding, so that the net motion 
will be at intermediate angles, as shown here: 

perpendicular lo to. 

dipole 

Fig. 21-14 

You can see that as we go toward the ends of 
the dipole the resultant motion of the lines takes 
on a more sideways direction. From this diagram 
you can appreciate why the strength of the radi-
ation pattern falls off as the angle leaves the 
perpendicular. The only radiation reaching these 
other angles is radiation with sideways component, 
and the only lines so affected are those which 
are less concentrated or weaker than the lines at 
the center. Therefore, radiation in such directions 
must necessarily be weaker than perpendicular 
radiation. At angles far off the perpendicular, 
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only the relatively weak fields are effective, so 
very little radiationtakes place in this direction. 

We know that practically zero radiation takes 
place off the ends of the dipole. This can be ex-
plained from two viewpoints. First of all we know 
that as some lines of force move with a side 
component they are also rapidly expanding. This 
rapid expansion leaves us with what amounts to a 
blank cone shaped area in which no lines of force 
exist. Another way to look at this is from the 
point d view of the receiving antenna.. Let's take 
a look at this end view of the transmitting dipole, 
with two receiving antennas: 

rOcering antenna 
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Fig. 21-15 

Let's first look at the receiving antenna 
drawn with solid lines. Consider that the lines of 
force are coming out of the page toward you, and 
expanding as they come. The direction of the 
circular lines of face is clockwise, as shown by 
the arrows. However, all ofthe arrows to the right 
of the transmitting dipole are pointing down, while 
all of the arrows to the left are pointing up. This 
means that the lines of force cutting each half of 
the receiving antenna are in opposite directions. 
We can interpret this as meaning that equal and 
opposite voltages are induced to the receiving 
dipole and, therefore, the resultant induced 
voltage is zero. We can conclude then, that there 
will be no receptionfrom the ends of the trans-
mitting dipole. 

Onthe otherhand take the case of the receiving 
antenna shown in dotted lines in Fig. 21-15. Note 
that the lines of force cut this antenna in one 
direction only. No cancellation will take place 
and a net voltage will be induced in the receiving 
antenna. 

An intermediate location of the receiving 

antenna is possible. This is the condition in 
which the lines of force cut the receiving antenna 
in opposite directions, but not in equal numbers, 
In a case like this, the net induced voltage will 
be a function of the difference between the lines 
of force cutting in both directions. The polarity 
of the resultant induced voltage will depend upon 
the larger number of lines cutting the receiving 

antenna. We can now appreciate why no radiation 
takes place off the ends of our dipole, and also 
radiation is maximum in the perpendicular di-
rections, and decreases as the angles approach a 
parallel to the dipole. 

The Dipole as a Tuned Circuit. — If a half-
wave resonant dipole is fed at the center, and 
the exciting frequency is varied above and below 
the resonant frequency, it will be found that the 
dipole exhibits properties similar to a series 
resonant circuit. That is, if we feed the dipole at 
the center with the resonant frequency, say 100 
megacycles, we will find that the current and 
voltage at the input terminals will be in phase, 
as in series resonance. We will also find that 
the magnitude of current will be a maximum com-
pared to the current at frequencies on either side 
of resonance. If we lower the input frequency, 
say to 90 megacycles, we find the curent is not 
only lower than at resonance, but actually leads 
the voltage. In other words, below the resonant 
frequency, the antenna exhibits a capacitive re-
actance. This again is the sane as the action of 
a series resonant circuit. Now, if we raise the 
input frequency above resonance, say to 110 
megacycles, we find once again that the mag-
nitude of current is lower than at resonance. Not 
only that, hut, the current at tie input terminals 
now lags the voltage and the antenna looks like 
an inductive reactance. It is not too difficult to 
conceive of a dipole as being a tuned circuit 
since it actually is made up of capacitance, in-• 
ductance and resistance, as shown here: 

r-
--fumir-LwAN-L-

Fig. 21-16 

Capacitance exists between various points of 
the dipole, as shown in the figure. This is so 
because any two conductors (or portions thereof) 
separated by a non-conductor form a condenser. 
The non-conductor in this case is air. Thus we 
form the idea of the antenna having capacitance, 
this being one of the requirements for a tuned 
circuit. The dipole has inductance simply by 
virtue of the fact that it is a conductor in which 
current is flowing. This idea is not altogether 
foreign to you since in Lesson 17 you were 
introduced to the idea of inductance in coils, 
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and Lesson 18 explained the inductance of a 
straight wire. 

Resistance of the Dipole. — In common with 
ordinary tuned circuits, a dipole has resistance. 
This resistance causes energy to be dissipated 
in the form of heat, which is wasted as far as 
radiation is concerned. Do not confuse this 
heating resistance with the radiation resistance 
we have already discussed. The heating resistance 
of a dipole is made up of two parts: ( 1) the 
ordinary d-c resistance of a dipole is made up of 
the wire (or rod) and (2) the "skin-effect" of a-c 
resistance previously discussed in Lesson 20. 
Of the two, it is generally found that the a-c 
resistance is of greater importance. Television 
antennas are constructed of large-diameter con-
ductors which greatly minimizes their resistance, 
so that for our purposes this effect can be com-
pletely neglected. 

Standing Waves. — In Lesson 20 we discussed 
at length the production of standing waves on a 
transmission line. We saw that a standing wave 
was the resultant wave caused by the addition of 
the incident (original) and reflected waves. The 
same effect occurs on an antenna. In fact, the 
standing wave pattern on a half-wave dipole 
looks exactly the same as the pattern on a half-
wave open ended transmission line. We know that 
in general we want a very small standing wave 
ratio on transmission lines. This is because we 
want minimum losses due to radiation from the 
lines. A transmission line should be a conductor 
of energy, and as such is not required toradiate. 

The requirements are, of course, vastly different 
for an antenna. An antenna for either transmitting 
or receiving should have the largest possible 
standing wave ratio at the desired frequency. Let 
us see why this is so. The transmitting antenna 
has a radiation field, and the magnitude of this 
field depends upon the magnitude of current in 
the antenna. The more current in the antenna, the 
stronger the field, and the greater the distance of 
transmission. However, to have a large current 
value also means a large current standing wave 
ratio, since this ratio is between the maximum and 
minimum current points on the antenna. Thus, 
when a strong radiation field is desired from a 
transmitting antenna, a large standing wave ratio 
is necessary. The samerequirement is found for a 
receiving antenna. To provide maximum signal 
voltage to the input terminals of the receiver it is 
first necessary that a strong signal appear upon 

the receiving antenna. This calls for large standing 
wave ratios of voltage and current. 

Length of the Dipole. — We saw in Lesson 6 
that a dipole has a certain " best" frequency, or 
resonant frequency, at which it is capable of 
delivering the most signal to the receiver. We 
learned also that at frequencies on either side of 
resonance the amount of signal decreases. Actu-
ally, the transmission line has an effect on this, 
and we shall discuss its part later on. For now 
we will just consider the resonant dipole alone, 
and see how it reacts at resonance and also at 
frequencies on either side of resonance. 

Let's take the resonant condition first. A 
dipole is operating at its resonant frequency when 
its electrical length is equal to one-half wave-
length at the operating frequenc y. We say electrical 
length because the actual physical length is 
somewhat shorter. This slight shortening of the 
physical length is mainly due to "end effect", 
which is produced by tie capacity of the ends of 
the dipole to surrounding objects. As you might 
expect, end effect increases as the diameter of 
the antenna increases, and this in turn shortens 
the physical length of the antenna. For the average 
antenna used in television reception it may be 
said that the physical length of the antenna is 
about 5 percent less than the electrical length. A 
simple formula to calculate the physical length 
of a television receiving antenna is: 

468  
L - 

Frequency in megacycles 

Where L is the physical half wavelength in feet. 

As an example, let us find the length, in feet, 
of a resonant dipole at 100 megacycles: 

L = 468 
4.68 feet 

100 

It must be realized that this formula is only ap-
proximate, since end effect varies with frequency, 
diameter of the antenna and surrounding objects. 
However, for practical purposes the formula will 
usually be satisfactory. 

STANDING WAVES ON THE DIPOLE ANTENNA 

21-6. We may consider that a half-wave dipole 
is a quarter-wave transmission line which has 
been opened up. Here is a quarter-wave trans-
mission line showing the standing wave pattern: 



STANDING WAVES ON THE DIPOLE ANTENNA 
21-19 

Fig. 21-17 

The standing wave of voltage is shown by the 
dotted lines and is seen to be a maximum at the 
open ends and a minimum at the generator. 

The standing wave of current is shown in solid 
lines and is seen to be a minimum at the open 
ends and a maximum at the generator. The wires 
are so closetogether, however,that their capacity 
to each other forms a closed circuit, which pre. 
vents energy from escaping into space. Thus we 
see that a transmission line section, whileideal 
for its own purposes, makes a poor radiator. Now 
let's open up this quarter-wave transmission line 
as shown here: 

2 

Fig. 21-18 

Opening up the line produces the half-wave 
dipole shown in the figure. Notice first the effect 
onthe direction of current as shown by the arrows. 
Opening up the line has made current in both 
halves flow in the same direction, thereby elimi-
nating the cancellation we had before and per-
mitting the wire to radiate. The standing wave of 
current still has the sane Froperties as before 

maximum at the generator and minimum at the 
ends. Also, the standing wave of voltage has the 
same properties, maximumat the ends and minimum 
at the generator. 

We have now seen how a half-wave dipole 
seems to develop logically from a quarter-wave 
transmission line. Let's go ahead and see how 
these standing waves of voltage and current are 
formed on a half-wave resonant dipole. 

For the sake of simplicity, let us disregard 
such factors as end effect and consider that the 
physical length of the half-wave dipole is exactly 
the same as its electrical length. Wealso consider 
that tie velocity of Fropagation of voltage and 
current waves along tie dipole is the speed of 
light. Keeping all this in mind, let's examine the 
operation of the resonant dipole with the aid of 
this figure: 

2 

90 9e 

4 

The generator shown comected to the center 
of the dipole represents a source of radio fre-
quency energy. The dipole is a good conductor, 
and as you previously learned, a movement of 
electrons takes place in a conductor under the 
influence of an applied voltage or electric field. 

One thing must be thoroughly understood at 
this point, and that is the fact that the movement 
of electrons in a wire does not take place in-
stantaneously in all parts of the wire. This is 
usually ot no importance in conventional wiring 
of circuits but is a vital factor in determining the 
operation of antennas. The impulse or wave by 
which electrons are set in motion travels down a 
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wire at the speed of light. This is 300,000,000 
meters per second a- about 186,000 miles per 
second. An antenna length is always an appreci-
able portion of a wavelength. This means that 
electrons moving near the end of the wire are na 
necessarily in phase with the movement of elec-
trons at the generator. We will find this to be true 
as we proceed further along. 

When the generator voltage is zero, no action 
takes place along the dipole, assuming that we 
are just starting. A very short time later on, let 
us assume that the instantaneous output of the 
generator is such that its voltage is a little 
above zero, as indicated by point 2 i n Fig. 21-19(b). 

If you will remember, the direction of electron 
flow through a generator must be from plus to 
minus, so this sets the direction of current flow 
for the entire dipole, as shown by the arrows in 

Fig. 21-19 (a). At the instant the generator 
voltage rises, electrons at point A and A ' are im-
pelled to the left. However, electrons at other 
points such as B and C do not "feel" the effect 
of the moving electrons until later, because it 
takes a definite time for the electric impulse to 
travel down the dipole. The first electrons at 
point A cause the next electrons to start moving 
and so on, so that some time later, an electron 
at point C will receive a kick. This is somewhat 
analogous to the case of a line of billiard balls 
where the cue ball hits the first ball and a short 
time later, the last ball on the line leaves its 
position. Point C is at the end of the dipole 
which means that it is 1/4 wavelength, or 90 degrees, 
away from point A. 

Electrons arrive at Point C 90 degreeslater 
than the original impulse left point A. But point C 
is a "dead end." The electrons cannot pass 
through the end of the dipole. This causes an 
excess of electrons that produces asmall negative 
charge at point C. Electrons at point C (due to 
the atomic structure of wire) are exerting a re-
pelling force on these intruders, and would like 
to send them back where they carre from. However, 
they cannot go back yet. Why not? Because, don't 
forget that the generator has not been idle all 
this time. It has been continuously rotating, and 
a short interval after the first electron left, the 
generator was putting out a still higher voltage, 
and additional electrons started toward point C. 
Ttius, while the original electrons would like to 
return, they cannot, because piling upright behind 

them like a traffic jam are mare electrons. This 
further increases the negative charge at point C. 
Note also that the rate at which the charge at 

point C is building up is the same rate at which 
the generator has built up. That is, the charge at 
point Cis varying sinusoidally. This "traffic jam" 
at point C continues to build up under the in-
fluence of a higher and higher generator voltage, 
and the negative charge at point C likewise 
continres to build up. You may recognize this 
process as being similar to charging a condenser, 
for that is precisely what is happening. The other 
side of the dipole is becoming positively charged, 
but we'll talk about that later. 

There is one thing you must keep straight and 
this is that there is an actual time lag between 
the time the generator exerts a certain force at 
its terminals and the time this force affects other 
portions of the dipole. Let's try and figure this 
out. Point C is 90 degrees (1/4 wavelength) from 
point A. This is the same as 1/4 cycle of generator 
output. By the time an electron leaves point A 
and reaches point C (90 degrees later) the gener-
ator has progressed 1/4 cycle. Assuming the first 
electron started moving at point 1 of the cycle in 

Fig. 21-19 ( b), the generator would be at point 4 
(maximum) which is 1/4 cycle more advanced. Make 
sure you understand this. It may be a little tough 
to get, but it is extremely important. By the same 
token then, the maximum charge due to point 4 of 
the generator does not reach point C until the 
generator has progressed another 1/4 cycle and is 

at point 6. But point 6 is a point of zero voltage 
at the same time that point Cis a point of maximum 
voltage. This leads us to the conclusion that the 
voltage at points A and C are always 90 degrees 
out of phase. This is also true with respect to 
point A' and Ct. 

Let's see where we are now. The maximum 
negative charge has just reached point C. But 
this is being followed by a lesser negative charge 
produced by decreasing generator voltages such 
asthat at point 5. The highest charge followed by 
a lesser charge now allows the highest charge to 
be repelled back toward the generator. We have a 
rather unusualsituation now because the electrons 
are attempting to move in two direciions at once. 
Now we have a repelled or "reflected" wave of 
electrons moving toward the generator, but we 
also have the original or " incident" wave of 
electrons still moving toward the negative end of 
the dipole to the left. This condition is illustrated 
in Fig. 21-20: 

Upon reflection from the end of the dipole, the 
maximum negative charge begins moving toward 
the generator. It arrives at the generator 90degrees 
(1/4 cycle) after it has started out. If we add to 



STANDING WAVES ON THE DIPOLE ANTENNA 

this the extra 90 degrees needed to go originally 
from the generator to the end of the dipole, we 
see that when the charge returns to the exact 
center of the dipole it is 90 plus 90, or 180°, out 
of phase with the generated voltage. This would 
lead us to believe that the voltage at the generator 
terminals will be zero. This is not entirely true 
since the phase difference at the terminals is not 
exactly 180 degrees, but is somewhat less. How-
ever, we can say that at the center of the dipole 
the voltage will always be a minimum value. At 
the ends the voltage will vary sinusoidally from 
zero to maximum positive to zero to maximum neg-
ative, and so on. At points between the generator 
and the ends, the phase difference between the 
incident and reflected voltage waves will vary 
from 180 degrees out of phase at the generator, to 
in phase at the ends. This accounts for the gradual 
decrease in the amplitude of the standing wave of 
voltage as we go from the ends toward the generator. 

4--

-› 
maximum 

negative 

4-

Fig. 21-20 
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We have been devoting all our time to dis-
cussing conditions on the left side of the dipole, 
in order to avoid undue complications. The action 
taking place in the other half is similar. The 
movement of electrons in both halves is always 
in the same direction, and the timing is the same. 
The main difference is in polarity. While electrons 
are busy piling up on the left end of the dipole, 
creating a negative voltage, they are just as busy 
leaving the right end, creating a positive charge. 
Thus we see that the two opposite sides of a 
half-wave dipole are always opposite in polarity. 

We have just seen that a standing wave of 
voltage is created by the accumulation of charges 
along the antenna, adding at some points and 
cancelling at others. Let us now find out how the 
standing wave of current is created. Current, re-
member, is the rate of movement of charges. The 
current travels to the end of the dipole, being 
pushed by the voltage of the generator, and re-
quires 90 degrees or 1/4 cycle to reach the end. 
At the end of the dipole the current stops and 
reverses, thereby providing an additional phase 
change of 180 degrees out of phase at the end, 
since this is the point of reversal. Thus, we con-
clude that the current at the ends of a half-wave 
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dipole is always zero. Thus far, the current at 
the end is 90 plus 180, or 270 degrees (3% cycle) 
out of phase with the generator current. However, 
it requires an additional 90 degrees to return to 
the generator. This makes a total of 360 degrees, 
or one full cycle, and indicates that at the gen-
erator the reflected and incident waves are in 
phase and therefore add. This Froduces the con-
dition of a maximum value at the generator for 
the. standing wave of current. Between the gener-
ator and the ends, the phase difference between 
incident and reflected current waves varies from 
in-phase to 180 degrees out of phase. This ac-
counts for the gradual decrease of current standing 
wave amplitude going out toward the ends. 

Note that at the generator, where the current 
standing wave is maximum, the voltage standing 
wave is always minimum. This condition indicates 
that the standing waves of voltage and current on 
the dipole are 90 degrees out of phase. This is 
not too surprising, since we found the same con-
ditions existing on a transmission line. 

Dipole Longer Than a Half Wave. -Television 
antennas seldom have the opportunity to operate 
solely at their resonant frequency due to the 
extremely wide band of frequencies which must 
be covered by a single length of antenna. A 
dipole behaves differently at frequencies other 
than resonance Its impedance and directional 
pattern, as well as the amount of signal delivered 
to a receiver vary at different operating fre-
quencies. Let us first take the case of a dipole 
whichis a bit longer thanresonance. The standing 
pattern of such an antenna looks something like 
this: 

longer Mon + 

Fig. 21-21 

Note that the current is still zero at the ends 
while the voltage is still maximum. This is always 
true regardless of the length of the antenna. How-
ever, due to the greater length of travel up and 
down the antenna, conditions at the generator 
are somewhat different. The current at the gener-
ator is no longer maximum but has a lesser value. 
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There are now two current maxima. Also, the 
voltage at the generator is no longer minimum but 
has a higher value, and there are two voltage 
minima. 

The impedance at the generator is now greater 

than 73 ohms because the ratio of-f- is greater 

than at resonance. For example a dipole 3/4 of a 
wavelength long may have an input impedance of 
700 ohms for a certain diameter conductor. This 
impedance is actually a combination of resistance 
and inductive reactance. This differs from a 
resonant half wave dipole where the input im-
pedance of 73 ohms is all purely resistive. This 
input impedance continues to rise as the antenna 
is made to approach a full wavelength, where it 
may become about 3400 ohms. 

This change in impedance is very important 
because it means that if you have a television 
dipole cut to channel 2 and matching a 300 ohm 
line, the antenna impedance varies continuously 
as the frequency increases, and thus the line is 
being continuously mismatched in varying degrees. 
This in turn means that the amount d signal fed 
to the receiver is also varying and as you know, 
makes it difficult to have a single antenna work 
well on all channels. 

When the antenna is greater than a full wave-
length long, the impedance again begins to de-
crease and falls to the minimum value of about 
73 ohms again when the antenna is 11/2 wavelength 
long. A television antenna cut for channel 2 
(54 to 60 mc) would again be resonant at channel 7 
(174 to 180 mc) where it would be 11/2 wavelengths 
long. Thus the antenna matches and mismatches 
the lines at different channels and thereby delivers 
varying signal strengths to the receiver, even 
though the pickup on the antenna may be the 
sa ne. 

A brief summary of the impedance character-
istics of a dipole increasing in length from a 
half wave is as follows. At a half wavelength the 

impedance is 73 ohms (resistive) and the dipole 
is resonant. From a half wave to a full wave 
antenna the impedance rises to a maximum value. 
From a full wave to a 11/2 wavelength dipole, the 
impedance drops again until at exactly 11/2 wave-
lengths, the antenna is again resonant and the 
impedance is in the order of 73 ohms. This same 

procedure continues in increments of half-wave 
increases in length of the antenna. 

Dipole Shorter Than a Half Wave. — The 
standing wave pattern of a dipole that is a bit 

shorter than a half wavelength may look like this: 

E I 

kit  shorter thon 

Fig. 21-22 
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Even in this case, at the ends of the antenna 
the voltage is maximum and the current minimum. 
However, due to the non-resonant condition we 
find that the vcitage at the generator is not min-
imum but is some higher value. Also, the current 
at the generator does not reach its maximum value. 
While the impedance of the antenna increases as 
the length decreases from a half wavelength, it 

becomes purely capacitive reactance when the 
length is less than a quarter wave. At' this time 
the resistive component of the impedance becomes 
zero. This may well account for the fact that a 
television antenna does not wcrk well below its 
resonant frequency (see Lesson 6), but does work 
above the resonant frequency, where a resistive 
component of tir antenna impedance is always 
present. 

ANTENNA ARRAYS 

21-7. In many cases, a simple dipole is not 
satisfactory for use as a television receiving 
antenna. It may not have sufficient gain for a 
particular area, or it may not be able to discrim-
inate against ghost reception due to reflections. 

In such cases, one or more additional elements 
may be added, to improve the performance of the 
simple dipole. 

Reflectors. —One of these additional elements 
is called a reflector. A reflector is an unbroken 
dipole slightly greater than one-half wavelength 
long (about 5 percent) which is placed behind the 
dipole as shown in Fig. 21-23. 

Note that there is no electrical connection 
between the reflector and any other portion of the 
antenna system. Let's see briefly what a re-
flector does. 
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Suppose we take a resonant half-wave dipole 
and suspend it in space, unbroken at the center, 
and not connected to anything. This dipole will 
pick up signals from an area in its immediate 
vicinity. Since we have no lcad connected to the 
dipole, practically all of the energy will be re-rad-
iated. Let us now break the dipole in the center 
and connect there a resistive load equal to the 
dipole impedance (about 73 ohms). Now, we will 
find that half of the energy on the antenna will 
be absorbed by the load while the other half will 
be re-radiated. The best we can do with a simple 
dipole which is perfectly matched is to , make 
half of the total energy available to a receiver. 
This assumes perfect matching conditions, which, 
seldom exists in television reception. 

If it were possible to make use of some of the 
re-radiated energy, the gain of the dipole could 
be improved. One method of doing this is by 
means of the reflector. The reflector is usually 
spaced behind the dipole a quarter wavelength or 
less. In television receiving antennas, the spacing 
is usually not much less than one-quarter wave. 
length since close spacings reduce the bandwidth 
of the antenna. 

The reflector, being situated in the immediate 
vicinity of the dipole, picks of some of the energy 
that was re-radiated from the dipole. Having no 
load, the reflector re-radiates practically all of 
the energy it picks up. The re-radiated energy 
from the reflector goes out in all directions and 
some cf this is picked up by the dipole. You can 
see that the dipole is receiving energy from two 
sources, the transmitting station and the reflect or. 

You have learned previously that to be additive, 
the energy from the two different sources must 
arrive in phase. It does not have to be perfectly 
in phase to add, but there must not be too great a 
phase difference. The phasing can be adjusted 
by changing the physical spacing between the 
dipole and reflector, and by changing the length of 
the reflector. Since the reflector is initially 
longer than the dipole, it has an inductive re-

actance. Making it still longer, makes it more 
inductive and increases its phase angle. Thus a 
means of "tuning" is provided. 

Since the reflector acts to return some " lost" 
energy to the dipole, in effect it increases the 
gain of the antenna. This increase of gain in the 
forward direction is obtained at the expense of 
pickup from the back. However, as you already 
know, this is nothing to be unhappy about since 
this helps reduce the effect of ghosts and other 
interfering signals arriving from the rear of the 
antenna. 

The dipole-reflecta combination is a fairly 
bred band device and this is due to a sort of 
"self-compensating" action. The antenna is de-
signed originally for the /ow end of the television 
band. As the frequency increases, the spacing 
between dipole and reflector in terms of a wave-
length increases and tends to reduce the effect 
of the reflector. However, the effective wave-
length of the reflecta is now also greater and 
this produces a phase shift which partially com-
pensates for the effective increase of spacing. 
Thus, the effectiveness of the reflector is main-
tained over a fairly wide band of frequencies. 

Directors. — Somewhat similar effects can be 
obtained by the use of a so-called director. This 
is an element shorter than a half wavelength that 
is placed in front of the dipole. Being shorter, it 
has a capacitive reactance. The director is not 
too useful in building a broad band television 
antenna. This is so because television dipoles 
are cut for the low frequency side of the band and 
directors lose their efficiency rather quickly as 
the frequency increases. As the frequency goes 
up, the director becomes resonant and then in-
ductive so that it may actually act as a reflector 
at higher frequencies. 

_In fringe areas, a dipole may be used in con-
junction with a reflector and one or more directors 
to provide high gain. However, this is obtained 
at the expense of bandwidth and such an antenna 
may be good on only one or two channels. 

An array with directors and a reflector that 
can be useful in fringe areas is the so-called 
Yagi antenna. A 4-element Yagi is shown in 
Fig. 21-24 on the next page. 

This antenna consists of a folded dipole, a 
reflector and two directors. Ordinarily, a high 
gain antenna like this would have such a narrow 
bandwidth tint it could not pass the 6 rit band 
for one TV channel. However, by efficient spacing 
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of the elements and special construction of the 
folded dipole, satisfactory bandwidth is obtained. 
If you will look at the folded dipole element in 
Fig. 21-24, you can see that its unbroken rod has 
a considerably greater diameter than the other 
rod. This construction raises the impedance of 
the folded dipole aril increases its bandwidth. 

Fig. 21-24 

The Yagi array in Fig. 21-24 has a relative 
gain of 4.3 db over a standard dipole on the 
channel for which it is cut. The bandwidth of the 
antenna is about 10 mc on low freqtency TV 
channels and 20 mc on the high- band channels. 

Stacked Antennas. — A simple dipole or folded 
dipole picks up signals from a certain small area 
in its vicinity. A greater amount of signal may be 
picked up by erecting additional antennas, one 
above the other. This procedure is known as 
"stacking". In effect, we are filling up more of 
the space containing electromagnetic waves, with 
intercepting wires. If two similar antennas are 
stacked, the area of interception is doubled and 
the amount of received power will be doubled. 
This represents an increase of pickup voltage to 
1.414 times the original, since voltage variesas 
the square root of power. An antenna consisting 
of two stacked folded dipoles is shown here: 

•  
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Fig. 21-25 

In order to take full advantage of the increased 
voltage ( 1.414 times), it is necessary that the 
two folded dipoles be correctly connected together 
and properly matched to the receiver transmission 
line. One method of doing this is shown in the 
figure. If the reflectors used behind each folded 
dipole have a spacing of about 0.2 wavelength, 
the input impedance of each folded dipole will be 
about 170 ohms. When these two antennas are 
connected together, their impedances are in 
parallel and would present a total impedance to 
the transmission line of about 85 ohms. This is 
not a good match to a 300 ohm transmission line, 
so a matching arrangement is provided. The two 
folded dipoles are stacked about one-half wave 
apart. Halfway between the two, is of course, a 
quarter wave. We can mike each of these quarter 
wave sections act as a "Q" matching section, 
which we will discuss later. Let's see what has 
to happen. 

We have two impedances (antennas) which 
must be connected in parallel to a 300 ohm trans-
mission line. lt follows, then, that the trans-
mission line " looking" hack into the antennas 
must "see" an impedance equal to 600 ohms in 
the line to each individual antenna, since the two 
in parallel will then equal the desired matching 
impedance of 300 ohms. By means of the "Q" 
section formula (given in Lesson 20) we determine 
the impedance of the Q sections to be about 320 
ohms, which is the geometrical mean of 170 and 
600. In practice 300 ohms should be satisfactory. 
Each antenna is correctly phased, since the signal 
from each one travels the same distance (1/4 wave-
length) to reach the transmission lire. 

ANTENNA IMPEDANCE MATCHING 

21-8. In previous lessons it has been stated 
that for maximum power transfer from a generator 
to a load, it is necessary that the load impedance 
match the generator impedance. This is always 
true, regardless of what constitutes the actual 
generator or load. In our case, the generator 
consists of a receiving dipole, while the load is 
the transmission line and the receiver input. In 
most receivers, the input impedance of the re-

ceiver will be either 72 or 300 ohms. Let's just 
stick to the 300 ohm case to avoid complications 
at this time. Assuming the receiver input to be 
300 ohms, then, it is necessary to feed the re-
ceiver through a 300 ohm transmission line. This 
matching of line to receiver, prevents standing 
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waves from appearing on the lino, which in turn 
assures maximum power transfer from line to re-
ceiver and also the elimination of ghosts cltr to 
line reflections. 

Since we have chosena 300 ohm line to confect 
the receiving antenna, it seems logical to assume 
that the antenna impedance should also be 300 
ohms. It is logical all right, the only trouble is 
that you can't do it. At least not for more than a 
very narrow band of frequencies. As you already 
know, the impedance of a dipole varies widely 
for frequencies off resonance. In the lower fre-
quency television channels (2 to 6). the simple 
dipole antenna will match a 300 ohm line only 
once and that within a narrow frequency range. 
This will probably occur somewhere around 
c ha nne 1 3 o4. This means that the dipole antenna 
will approacha match tothe 300 ohm line, starting 
from about 60 ohms at channel 2. After channel 3 
or 4the impedance of the antenna becomes greater 
than 300 ohms, reaching a maximum value at 
about 90 mc, which is .not in the TV band. There-
after, the impedance begins dropping again and 
reaches a minimum value at about 160 mc, just 
below the high- band TV channels. At channel 7 
the impedance rises to about 200 ohms, It then 
rises to a peak of about 300 ohms at channel 12 
and again drops to a minimum of about 100 ohms 
at channel 13. 

We can see that we are faced with the problem 
of trying to match a constantly varying impedance 
antenna into a fixed impedance line. It was 
found that the average impedance of a dipole 
antenna over all the television channels is around 
300 ohms, and this is one of the reasons for the 
choice of a 300 ohm line. 

You might wonder why we don't try to use 
matching devices between the antenna and line 
to achieve an exact impedance match. Well, one 
of the majorreasons is that such matching devices 
are in themselves frequency selective, and op-
erate best only at specific frequencies, or within 
a narrow band of frequencies. 

The Q Section. — We have been concerned so 
far in our discussion, with television receiving 
antennas, covering all or most of the television 
channels. If we use a receiving antenna to cover 
only one channel (as in a fringe area), we can, 
by means of a suitable matching device, secure 
optimum power transfer from antenna to trans-
mission line. One such device is sometimes 
known as a "Q" section and its use is illustrated 

here: 

"0" section »-

73 ohms 

1 
H300 ohm lino 

Fig. 21-26 

This is a quarter-wave matching section of 
transmission line with a special value of charac-
teristic impedance. As showninthe figure, assume 
we have a 73 ohm resonant half-wave dipole, 
which is to be matched to a 300 ohm line at 
Channel 11 (about 200 mc). The desired value of 
characteristic impedance for the quarter-wave 
matching section may be found from the formula 
given in Lesson 20, and is 150 ohms. For150ohm 
line of the parallel wire type, the required AI 
wavelength works our to be about 11.5 inches. 
This takes into account a velocity factor of about 
0.77. You must remember, however, that with a 
matching arrangement such as this, the performance 
changes at frequencies other than that for which 
it was designed. 

Phasing Harness. — A phasing, or " matching" 
harness as it is sometimes called, is a device 
connected between two antennas that permits 
each antenna to operate independently of the 
other. Such a phasing harness is to be found 
connected between the high and low frequency 
sections of the High-Low Antenna described in 
Lesson 6. The purpose of this phasing harness 
is threefold: 

1. It facilitates connection to both antennas 
with a single transmission line. 

2. It prevents the high frequency antenna from 
affecting the low frequency antenna on the 
low channels. 

3. It prevents the low frequency antenna from 
affecting the high frequency antenna on the 
high channels. 

The phasing harness is made up of three 
sections of 300 ohm parallel wire transmission 
line. These are 12, 121/2, and 371/2 inches in 
length and are connected as shown in Fig. 21-27 
on the next page. 

Let us look into the operation of this system 
and see how it works. We will assunr that we 
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are receiving a high-band channeL Let's say its 
frequency is about 206 mc. At this frequency, 
section T4 is a quarter wave-length long. Since 
it is open at the end, it reflects a short circuit 
into points A and A' of the low frequency folded 
dipole. This means that any ,, oltage tending to 
appear at points A and A ' due to the high channel 
station, is effectively shorted out on the low fre-
quency dipole. Section Ti is three times as long 
as T-4 and is therefore three-quarter wavelengths 
at the high frequency channel. This means that 
starting with a short at points A and A', an open 
circuit appears at the junction B since an cdd 
number (3) of quarter wavelengths produces an 
impedance reversal. Because of the short circuit 
at A and A ' and the open circuit at junction B,the 
low frequency antenna does not deliver any ap-
preciable signal to the transmission line for the 
high-band stations, and the directivity pattern of 
the high frequency antenna is preserved. 

therefore has little effect upon the signal de-
livered to T3 by the low frequency antenna. 

Because of the isolating effect of the phasing 
harness, each antenna is able to operate sub-
stantially independently of the cther. They may 
be individually oriented for maximum pickup with 
minimum interaction between them 

From a practical standpoint, it must be realized 
that the phasing harness can operate perfectly only 
over a narrow band of frequencies. This is due to 
the fact that a line cut for a certain wavelength 
is only correct at one frequency. Compared to the 
advantages of separate orientation, however, the 
interaction between the two antennas which does 
bccur is relatively unimportant. Some idea of the 
amount of interaction that occurs may be gained 
from the following comparison, which is made 
with respect to separate operation for each 
antenna. 

.1•.• 

transmission line 

to receiver  

T3 

Fig. 21-27 

Now let's see what happens at the low chan-
nels. At the low channels, the high frequency 
antenna has very little pickup, since it is only a 
small portion of a wavelength long at low fre-
quencies. Pais, it has very little effect upon the 
directivity pattern of the low frequency antenna. 
Furthermore, at the low frequencies, the high 
frequency antenna plus section T2 is adjusted so 
that it becomes an- open circuit across T-3 and 

12" line 

T 2 
-- junction terminal 8 

371- " line 
2 ri 

A 

t2 1 ," open stub 
2 

T4 

1. High Channels. The performance of the 
High-Low combination varies from a gain 
of 16% to a loss of 12%, depending on the 
channel and also the orientation with 
respect to the low frequency antenna. 

2. Low Channels. The High-Low Combination 
has a loss varying from 5 to 17 percent, 
depending on the channel. The minimum 
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loss occurs at Channel 4 and increases 
toward Channels 2 and 6. 

The losses that occur are negligible and can 
generally be disregarded, except in fringe areas 
where the reduction in signal may be apparent. 
In this case it may be necessary to use two sepa-
rate transmission lines, with a switch at the re-
ceiver to select the desired antenna. 

In closing, it's worth mentioning also that the 
High-Low Combination can be used for receiving 
signals arriving from opposite directions. In this 
case, the appropriate antenna is oriented on each 

of the desired stations. Since this requires that 
the antennas be oriented 180 degrees from each 
other, it is necessary to "cross-phase" the 
connection of the matching harness. This merely 
means that the connections at one or the other 
antenna, but not both, must be reversed. 

One other observation ought to be included 
before we leave the subject of radiation and 
antennas. The information in this lesson has 
practical value for you in any television work that 
involves getting enough signal at the input ter-
minals of the receiver. What you have to do is 
apply this to your antenna problems. 
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INTRODUCTION TO SERVICING LESSONS 

By the time you've gotten this far in your 
studies, you will have a pretty good idea of the 
apparatus that makes up a complete television 
system, all the way from the camera at the ball 
park or studio to the receiver in the customer's 
living room. You also have a reasonable under-
standing of how each unit forming a link in the 
television system chain works, and the funda-
mental laws of Nature that govern its operation. 
Besides that, you've a pretty good practical 
knowledge of receiver installation techniques, 
and quite a bit of experience in applying that 
knowledge in the field. Lastly, you have taken 
on some understanding of fundamental electric 
circuit theory, particularly those parts of it that 
affect the design and function of various devices 
in the television system. 

This is a fine backlog of knowledge for anyone 
doing television receiver and adjustment work, 
since the equipment to be handled can be assumed 
to be in good operating condition. However, it 
doesn't completely fit you to find and correct 
many of the defects that develop in receivers 
after they are put into service. That will be the 
purpose of the Lessons you are about to begin to 
study. It will be helpful in studying, to have a 
general idea of the material to be covered, its 
sequence and the emphasis to be placed on cer-
tain principles and practices throughout. This 
Lesson will give you that information, and also 
an introduction to the servicing problem, general 
rules to follow and an important new aspect of 
customer relations not usually found in installa-
tion work. 

The next Unit contains a detailed resume of 
Television Fundamentals, with the accent on 
accurate understanding of the production of a 
Television Signal and reproduction of the picture 
at the receiving end. The next Unit also explains 
the general process of how to localize troubles 

to a section of the receiver, with definite tests 
for determining which section is at fault. Then 
the characteristics of resistors, condensers and 
coils are reviewed, as an aid in the problem of 
localizing trouble to a specific component of 
the chassis. Next, the use of the multimeter in 
checking amplifier, oscillator and rectifier cir-
cuits is explained to help in locating a specific 
failure in any one stage of the TV receiver. 

The Lesson on Power Supplies begins a 
series of Lessons on the individual sections of 
the receiver. For each of these sections the 
principles of operation and typical circuits are 
explained, in order to lay the groundwork for a 
detailed trouble shooting analysis. The sequence 
of the Lessons is r-f unit, picture i-f section and 
detector, video amplifier, sync and AGC circuits 
and the FM sound channel. Then deflection 
oscillator, amplifier circuits and the kinescope 
are discussed in detail 

When all of the receiver sections have been 
described, a series of Lessons follows on some 
additional aspects of TV servicing. These in-
clude: How to use the oscilloscope, how to align 
the receiver and methods of reducing interference. 
A Lesson on record changer servicing is also in-
cluded. 

In each Lesson, the underlying principles for 
each topic are described first, and then the prac-
tical trouble shooting material is explained. 
Furthermore, one topic leads to the next in order 
to correspond to the way the signal goes through 
the receiver to reproduce the sound and picture. 

New development in television, including 
color television and the use of the ultra-high-
frequency spectrum for additional TV broadcast 
channels, are included in this Course. In addi-
tion, there will be a detailed analysis of test 
equipment used in servicing, with practical ap-
plications. 

THE SERVICING PROBLEM 

22-1. The whole problem of servicing the 
hundreds of thousands of television receivers in 
use today can be divided into three parts: 
technical, economic, and customer goodwill. 
Each of these parts is important, and while you 
may not have to concern yourself as much with 
one of them (the economic problem) as with the 
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other two, you'll be better equipped to do your 
part of the overall servicing job if you understand 
all three parts thoroughly. 

The Technical Problem. — A television re-
ceiver is a complicated piece of radio equipment, 
containing four or five times as many parts as an 
ordinary table model radio. It also employs much 
higher voltages in some circuits, and requires the 
use of a number of electrical principles not need-
ed in conventional AM radio. Also, the band-
widths and frequencies needed for commerical 
television are much different from those used in 
AM broadcasting, and adjustment and operation of 
the various circuits are considerably more pre-
cise and demanding. For these reasons television 
service work requires a better understanding of 
fundamental radio-electrical theory, and more ac-
curate knowledge of circuit detail and function 
than is the case in AM or FM radio servicing. 

The increased number of components means 
that there are more things that can go wrong, 
which means in turn that the service man has to 
have more possible trouble symptoms filed away 
in his memory. It also means that just having a 
list of possible troubles and their cures in the 
Service Data is definitely not going to be suffi-
cient. If it were sufficient, there would be no 
need for any such Course as this one . . ..nor 
for TV technicians of really advanced skill. 
It ought to be fairly obvious also that pay and 
working conditions would not be very attractive, 
either. One of the main reasons just working from 
a list of trouble symptoms and their cures is un-
satisfactory is that it would cost more to keep 
the sets operating with such a system. This re-
mains true even if much less highly skilled 
service personnel are employed at low pay. This 
is really a detail of the economic part of the 
servicing problem, but the reason for this fact is 
essentially technical. The number of possible 
troubles, symptoms, and cures in television re-
ceiver servicing is so large that merely elimina-
ting possible defects one by one down a list, 
without an understanding of the function and inter. 
action of the circuits involved, would take several 
times as long on the average as is required by a 
man who really knows what is going on in the set. 

This not only adds up to more actual labor 
cost, but has a very bad effect in the third part 
of the servicing problem, customer goodwill. 

We'll look into this point further a little later. 

Right now it's worthwhile to take a good look at 
the economic part of the service problem. 

The Economic Problem. — The manufacture, 
sale, and servicing of television receivers is a 
competitive business, in which the cost of making 
sets, the value of public goodwill, and the cost 
of providing a sound service organization and 
policy must all be carefully weighed and bal-
anced. For instance, it would be technically 
possible to manufacture sets that did not get out 
of order as often as those in present production 
do. This would require using components of higher 
rating, more rigid inspections and other checks 
in production, and other costly measures. The 
result would be that production cost would go so 
high that the sets would have to be priced right 
out of the market. On the other hand, it is possi-
ble to produce sets more cheaply by skimping and 
cutting corners in a few places. However, this 
results in more service calls per thousand sets 
in service (which makes service costs bigger), 
more customer annoyance, and eventual loss of 
the public goodwill that assures long-term suc-
cess and prosperity. 

Most television receivers are designed to be 
as good a compromise of these various factors as 
the state of the radio art permits. This is fine as 
it goes, but you can readily see that service costs 
must be held to as low a figure as possible by 
using good equipment, and highly skilled, com-
petent TV technicians. Otherwise, there will 
be no profit. And don't forget, no profit, no jobs. 

It is true that in any field that is expanding 
rapdily, such as television, there are always a 
few chiselers and gyp artists who try to cash in 
on the demand with some sort of catch-'em-and-
skin-'em kind of operation involving a maximum 
of claims and promises, and a minimum of per-
formance. However, the public soon gets wise to 
such schemes after the first appeal of novelty 
wears off, and for that reason you can feel confi-
dent that such "competition" where it exists will 
not complicate the television picture for long. 

The Customer Goodwill Problem. — In the long 
run, the success of any firm in a competitive 
business dealing direct with the public is greatly 
dependent on the respect and goodwill of the 
public. That is why it is so important to earn and 
keep customer goodwill. Over a period of time, 
customer satisfaction with the performance of the 
product and the service organization back of it 
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probably has more to do with creating public good-
will than any other single factor, and right here 
is where you come in. To a large extent, you have 
rmre effect on the customer's attitude toward 
your company than any other person, during that 
period when he is dissatisfied; that is, when 
there is something wrong with his set. In fact, 
to him you are the company, as you'll learn more 
fully in the section of this lesson on Customer 
Relations. It is important that you remember this 
when you are in contact with the customer. 

Another important detail of the customer good-
will problem is that his attitude toward the tele-
vision set is likely to be much different than it is 
toward any other radio-electronic unit in his home. 
For one thing, the set represents a considerably 
larger investment in money. It is also relatively 
new and exciting as compared to straight AM or 
FM radio, and it is a popular subject of discus-
sion all over the nation. Most important of all, it 
is probably the only television set he owns, 
whereas many homes have three or four conven-

tional radios in various rooms. In addition, be-
cause of its size, novelty, and attention compell-
ing aspect, the television set is likely to be the 
center of attraction in the living room, and a sort 
of show piece when friends and neighbors drop 
in. This adds up to mean that the customer is 
more annoyed when his television set is out of 
order than he is about most other appliances or 
instruments in his home. He wants it repaired as 
soon as possible, with as little loss of its use 
as is feasible. This brings us right around to the 
technical part of the servicing problem, which 
we'll take up in its general aspects right here. 

The Technical Part of Servicing. — One of the 
most important things to be learned is how to 
determine quickly which sets can be repaired in 
the customer's home, and which ones should be 
pulled into the shop. You have already learned 
why the customer usually prefers servicing in his 
home, because it's obvious that he will lose use 
of the set for less time if you can do the job right 
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on the spot. Fortunately, this is better from your 
company's viewpoint as well, as it involves less 
labor and equipment wasted in hauling sets back 
and forth, to say nothing of the increased cus-
tomer goodwill. It's also better for you, for it in-
volves less lifting and carrying of television 
chassis, a kind of work that involves more muscle 
than intelligence. 

This decision to pull in or not to pull in is 
another aspect of your work that requires a real 
knowledge of theory and practical circuits, in-
stead of an ability to read a list of symptoms and 
operate a soldering iron. Only such knowledge, 
coupled with experience and real common sense, 
will really fit you to handle your job, so it's a 
good idea to cultivate deliberately your ability to 
reason from cause to effect in chasing down the 
causes of trouble. If you do not sharpen up your 
skill at this sort of electronic detective work, 
you'll find that you are pulling in a lot of sets 
that could have been fixed on the premises. Then 
the customer is annoyed, because he loses use of 

his set for a longer period. Pretty soon your 
supervisor or manager gets -annoyed, because 
of the waste of time and shop space, and this is 
not good, to say the least. Also, you'll find it 
pretty difficult to take any pride in your own 
knowledge and skill. 

Fortunately, this ability to collect the clues 
to the trouble and reason from them to an accu-
rate diagnosis of what is wrong in the receiver 
can be readily developed by study and practice, 
and every effort has been made in preparing this 
Course to help you do just that. It is true that in 
servicing military equipment, it was sometimes 
necessary to service just by replacing units, or 
from a list of troubles and cures. However, this 
is practical only where expense is no object, and 
there is not time for more thorough training of 
TV technicians. 

When to Pull the Chassis. — In general, it is 
only necessary to pull sets into the shop for one 
of the following reasons. 
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1. Replacement of parts that are a difficult mechanical 
job without shop equipment. The most important of 
these are transformers, tube sockets, bleeder re-
sistors that are riveted to the chassis, and electro-
lytic filter capacitors that cannot be changed with-
out risk of breaking the insulating wafer socket. 

2. Trouble in the r-f unit, such as defective soldered 
joints on the switch contact lugs, poor indexing on 
the various channels, low gain, excessive noise, 
etc. Naturally you must be very sure that such 
troubles as the latter are due to defects in the r-f 
unit itself, and you should check the tubes in that 
unit by substitution, also. 

3. Replacement of any part that you do not have with 
you in the truck, unless you are very sure that you 
know exactly what the trouble is, and what parts are 
needed to correct it. If you are positively sure of 
your diagnosis, you can leave the set and return 
later with the needed part, or possibly obtain it in 
some other way. 

4. Good customer relations. This may seem like an 
odd reason to you, particularly if you are perfectly 
sure you can service the set properly in the cus-
tomer's home. But mistakes may have been made 
on previous service calls, so that the customer 
won't be satisfied unless the set goes to the shop. 

5. Receiver Alignment. If the r-f or i-f circuits of the 
receiver need to be realigned this is best done in 
the shop, where the necessary test equipment is 
available. 

Practically all other troubles can be satis-
factorily handled in the customer's home. This 
means that the vast majority of calls you make 
can be repaired right on the spot, if you're good 
enough at determining whether or not the trouble 
comes under one of the four headings above. But 
to find that out, you have to look at the evidence. 

Collecting the Clues. «- The first step in 
correcting trouble in almost anything is to find 
out exactly what is wrong with it. When you pick 
up your job sheets before beginning a round of 
service calls, you are also ready to start collect-
ing clues as to what has gone wrong in each set 
assigned to you. The first step is to note the 
customers complaint, such as "no sound", 
"no picture", "picture won't lock in", etc. 
Next, check the past performance of the set, as 
shown on your record card for each set covered 
by a service contract. This is a relatively easy 
procedure, and the reasons for it are important 
enough to justify some detailed discussion. 

History of the Installation and Set. — Know-
ledge of the past performance of the equipment 
and installation is a definite help in servicing 
anything that requires expert attention. This is 
just as true of television sets as it is for loco-
motives. . . .or an attractive widow. When you 

check over your record card, you should note 
particularly the following points. 

1. All important details of reception when the set was 
installed, as shown by the installation crew's re-
port. Be sure to note particularly any ghosts, inter-
ference, or noise reported on any channel. 

2. What previous service work has been done on the 
set. If there have been two or more calls within a 
short period of time for the same complaint, you 
should be suspicious of some unusual condition or 
trouble that may require special handling. 

Make notes about any jobs where you think 
you'll need them, but in any case, study the case 
history enough to know whether it does have some 
unusual feature. There are good reasons for doing 
this, even though it takes a little extra time and ef-
fort. If there has been a recurrence of the same 
trouble two or three times within a suspiciously 
short period, it's pretty likely that the real trouble 
was not cured in the beginning. Partial failure of 
a coupling capacitor, for instance, may cause an 
associated resistor in the same circuit to carry 
an overload of current, which may cause the re-
sistor to fail. If the technician who serviced the 
set before you merely replaced the resistor, it's 
easy to see that the new one would also fail in a 
few day's service, unless the capacitor is also 
changed. We'll go into such problems in detail in 
the appropriate places in this Lesson and through-
out the Course. 

The Customer's Viewpoint. — Besides the 
servicing problem such a case presents, it also 
is likely to be a customer relations problem. If 
there have been two or three service calls for the 
same effect within an unreasonably short time, 
naturally the customer is going to be annoyed. 
He's also likely to have developed some doubts 
as to the efficiency of the service he's getting 
under his service contract, (if there is one) and 
it's up to you to reverse this doubt and turn it 
into renewed confidence by a quick, complete 
cure of the trouble. Often such repeat service 
calls are the cause of a customer's coming to 
distrust all servicing in the home. It is this sort 
of distrust that often causes a customer to de-
mand that the set be taken into the shop for 
servicing. 

Interference Complaints. — On the other hand, 
your close study of the reception conditions noted 
by the installation crew is warranted for another 
reason. If the call is about some such thing as a 
ghost or interference, there is a good chance that 
the customer is complaining about a condition 
which cannot be eliminated by any reasonable 
effort on your part. Customers can become aw-
fully sensitive to picture defects after the novelty 
of having television in the house wears off, and 
they sometimes complain later about defects in 
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reception that were actually pointed out to them 
by the installation crew when the set was in-
stalled. This does not mean that the customer is 
a cantankerous jerk who wants something for 
nothing. It is normal to want things to be perfect, 
and you no doubt have had the same experience 
of noticing small imperfections in something you 
have acquired, after the novelty has worn off. 
Married men will understand this observation 
particularly well. 

Along with this bit of psychology there is the 
fact that the public does not have the under-
standing of television that you possess. Friends 
and neighbors stop in, comment on the ghost or 
interference, and then drop some of those solemn 
pronouncements like "Oh, they can always fix 
such things if you keep after them," and that does 
it. The customer doesn't know otherwise; he's 
paid for a service contract, so he gets on the 
phone and yells for help. In such cases, it is your 
job to make the true situation clear to him without 
losing his goodwill. This is just as much a part 
of your job as fixing a broken transmission line 
or cleaning the safety glass, and quite often 
it's the hardest part. 

On the other hand, new complaints about 
ghosts or interference may be quite legitimate. 
Here you can make use of your knowledge, and 
the experience you have from installing sets, in 
doing what you can to eliminate the trouble. 
Often a new building erected in a neighborhood 
will put reflections in a lot of sets that didn't 
have them before, or will reduce the signal 

strength in receivers located " behind" the new 
building, as seen from the transmitting antenna. 
Such cases may require careful reorientation, a 
taller mast, different antenna, or some other 
change, and it will often be best to call your 
Supervisor if this looks probable. 

Of course, new noise and interference sources 
can also show up, and here again the complaint 
must be dealt with just as effectively as you can. 
Lesson 13 contains information on this subject. 
More details will be included later in the Course. 

Getting The Customer's Information. — Your 
next step in collecting clues to the trouble comes 
when you reach the customer's home. After you've 
introduced and identified yourself, request the 
customer to describe just what is wrong, in his 
own words. You should decide while he is doing 
this whether or not he is particularly excited or 
angry, because this has some bearing on how you 
should go about obtaining the information he can 

give you about the set. If he is irritated and 
generally upset, you must be particularly careful 
to listen attentively, but calmly and respectfully, 
even though he seems unreasonable. Don't lose 
your temper, and above all, don't argue back. In 
fact, don't do much talking at all until he has let 
off some of the emotional pressure, as even the 
appearance of opposition is likely to have the 
wrong effect. This point is covered more thorough-
ly in the Section on Customer Relations. 

Assuming for the moment that the customer is 
not particularly upset, consider what he says 
about the set carefully. If, for instance, the set 
was switched on the day before and immediately 
caused a house fuse to blow, it's obvious you'll 
have to check the cord and plug, ON-OFF switch, 
power transformer, and associated circuits with 
an ohmmeter before the set can be turned on 
again. This is one reason why you should hear at 
least a part of the customer's story before doing 
anything to the set. 

If the set is in such condition that it can be 
turned on, the next more is to have the customer 
switch it on and demonstrate the defect, if this is 
possible. From his description and demonstration 
you'll be able to learn whether there is a real 
defect, or whether some fault in his operating 
technique is responsible for the difficulty. If 
there is something wrong with his operation of 
the set, you must teach him the right way to 
handle it, tactfully and carefully, so as not to 
suggest any smart-Alec attitude toward him. This 
is discussed more fully in the Section on Cus-
tomer Education. 

On the other hand, if there is some obvious 
thing wrong with the set, such as no picture, no 
sound, no horizontal deflection, etc., it is clear 
that this defect should be tracked down and fixed 
before you do anything about the customer's 
operating technique. Even if there are no stations 
on the air when you call, you can examine the 
raster and spot any peculiarities. At the same 
time you should ask the customer questions de-
signed to bring out any information he may have 
forgotten, or which he may have considered ir-
relevant or unimportant. 

Some of the things you need to know are the 
answers to the questions that follow. 

1. Did the trouble begin suddenly, or is it a condition 
that just gradually got worse over a period of time, 
perhaps weeks or months? 

2. Is it steady, or intermittent? 

3. Does it show in the raster, or only when a station 
is tuned in? 
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4. Does it show on one channel only, on several, or on 
all active channels? 

5. Does it begin the moment the raster appears after 
the set is switched on, or only after some hours or 
minutes of normal operation? 

6. Has anything been changed in the installation 
since the last service call? That is, has the set 
been moved from another room, badly jarred or 
shaken, or has there been any outside work that 
might affect the antenna or transmission line. What 
about new buildings or other possible obstructions 
to the signals? 

You can ascertain most of these things while 
you're talking the matter over with the customer 
and observing operation of the set. The questions 
listed above will indicate the sort of question to 
ask of the customer while you are watching the 
set itself. Of course in a lot of cases the trouble 
will immediately show up when the set is turned 
on. Usually you'll get a good idea of what is 
wrong right then. But even so, it's a good idea to 
get the whole story from the customer just the 
same. It has a good effect on his attitude toward 
you, and it often brings out facts that put the 
trouble in an entirely different light. For instance, 
suppose when he turned on the set the night be-
fore, a house fuse blew out. It may mean the set 
has developed a defect, or it may mean that his 
wife had an electric iron, heater, or hot plate 
plugged into the same line. This is the kind of 
thing you may find out under question 6 above. 
The remedy in the example mentioned is obvious, 
of course. 

Kinescope Clues. — While you're still getting 
information from the customer, you can also be 
observing actual operation of the set, if it is in 
condition to permit switching it on. If no station 
is on the air at the time of your call, check the 
appearance of the raster. Obvious clues like no 
deflection, intermittent flashing, no light from 
screen at all, etc., will be easily spotted. Things 
like no deflection indicate something definitely 
wrong with the set itself, but if there is a normal 
picture that shows abrupt and more or less erratic 
sudden jumps in brilliance, there's a good chance 
that the trouble is in the antenna or transmission 
line. This and other useful tests for narrowing 
down the trouble spot are considered in general 
terms a little later in this Lesson. They are 
treated in detail in Lesson 6 for the entire re-
ceiving installation, and in the later lessons 
dealing with individual sections of the receiver, 
similar checks for cornering the faulty component 
are described. 

An important point about kinescope clues is 
the matter of ghosts, noise, or interference. If one 

or more of these are responsible for the service 
call, be sure you check what you see and what 
the customer has described against what you 
learned about the reception when the set was in-
stalled. Don't assume the customer is mistaken 
or lying if the trouble doesn't show up while 
you're looking for it. This is an aggravating habit 
of actual sources of noise and interference, al-
though ghosts are usually all too dependable. If 

there is a report of a ghost which does not show 
up when the set is first turned on (assuming the 
channel concerned in the report is on the air), 
there is a chance that the ghost was due to a 
transient condition at the transmitter, which has 
been corrected while the station was off the air. 
There is also a chance that there is a defect in 
the receiver i-f amplifier which only takes effect 
after the receiver has warmed up thoroughly. 
This latter possibility will be covered later. 

You can probably check on the possibility of 
a transmitter transient condition the previous day 
by phoning the shop. On the other hand, if the 
set does not show any signs of the reported 
ghost, noise, or interference, you may have to 
reschedule the actual service operation for the 
time of day at which the customer noted the 
trouble. Be sure you explain this to the cus-
tomer, and also that you take whatever steps 
are necessary to make the call at that time, 
or insure that someone else will be sent on it. 

Making Sure The Receiver Is At Fault. — Your 
next step in collecting clues after talking to the 
customer and checking the set operation is to 
find out just where in the system the trouble is. 
In many cases you will have determined this 
already, but if you can't be sure from the evidence 
already collected, begin making some tests. 

Check Antenna and Line First. — With any 
report of intermittent trouble, compare the appear-
ance of the raster with the set tuned to an in-
active channel with operation on an active chan-
nel. If the raster is steady, but the picture 
jumps or flashes, trouble in the antenna and trans-
mission line is likely. Disconnect the line, in-
spect it carefully as far as you can see for breaks, 
kinks, or abrasion. Also, check the condition of 
the input connections. If nothing shows up, try 
shaking and wiggling the line vigorously while 
watching the kirie. If this produces the trouble, 
you're obviously on the right track. On the other 
hand, if it doesn't, you still have not got the 
thing nailed down. The break or loose connection 
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could be further up the line, or at the antenna. 
However, before you head for the roof, try dis-
connecting the line and connecting an indoor 
antenna with a short piece of parallel wire line. 
If you get a steady picture on this antenna, even 
though it is weak, you can feel pretty sure there 
is trouble in the line or antenna. 

On the other hand, if the trouble still appears, 
try jarring or bumping the set, to see what effect 
this has. You must be careful in doing this not 
to be so vigorous as to alarm the customer. 
Remember that you are handling his only tele-
vision set, and that he doesn't have the day-to-
day familiarity with receivers that you have. 
Besides, if you are too careless about bouncing 
the set around, you may give him the idea that 
it will stand just about anything, and this atti-
tude on his part is likely to result in further 
service calls. 

If a jar or bump produces the intermittent 
trouble, check each tube carefully for good, 
firm seating in its socket. You'll probably 
notice while doing this whether any of them 
seem unduly hot, as well. The reason for not 
trying the tube seating before localizing the 
erratic trouble in the receiver is simple. If you 
do check the seating, you may cure the trouble 
without knowing you have done so, and then 
spend a lot of time trying to produce a trouble 
symptom that has been fixed. It is important to 
know what is causing trouble, and that you have 
actually found and repaired it. If you don't make 
sure of this, there is a good chance that there will 
be another service call on the set next week. 
Needless to say, this won't make anyone par-
ticularly happy, least of all you when the matter 
comes to the attention of your employer. 

How Is The Signal? — If you've definitely 
ascertained that the trouble is in the antenna 
or line,the obvious course is to repair the damage. 
You're already equipped to do this by your past 
study and experience. If, however, you've 
located the trouble in the receiver, your work of 
narrowing down has only begun. Before going 
into further detail, however, we may as well 
finish dealing with trouble sources outside the 
receiver. If the complaint is noise, ghosts, inter-
ference or weak signals, you can suspect that 
the trouble is external right from the start, al-
though the tests mentioned earlier should not be 
neglected. Weak signals or a new ghost may be 
due to building construction in the neighbor-
hood, which you may be able to see from the 
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antenna location, or learn about from the customer. 
On the other hand, they may be caused by a 
change in antenna height and orientation. Some-
times children playing on apartment roofs will 
loosen mounting fastenings, or other television 
antennas may be mounted improperly close after 
your installation was made. 

The remedy here is to check on the possible 
new construction which may be making a ghost 
or shadowing the antenna, and to reposition and 
reorient the antenna for best pictures. Here again 
you must compare what you get with the reception 
reported by the installation crew. 

If for any reason you suspect difficulties at 
the transmitting station, inspect operation of 
the receiver on other channels carefully, and 
check the suspected channel with someone in 
your shop by phone, if possible. The whole 
problem of narrowing down the trouble to the 
receiver itself is covered in a later Lesson in 
detail, but it is time to get on here with the 
general problem of pinning the trouble down to a 
definite section of the receiver, once you know 
it is in the set. 

LOCALIZING THE DEFECT 

22-2. Up to now you've still been more or less 
collecting information, although it has already 
been necessary to use a few simple tests in 
your search for clues. When you have the trouble 
definitely located as being in the set, there are 
certain other symptoms that usually give a definite 
hint asto which section of the receiver is at fault. 
Discussion of these symptoms will be clarified 
by the block diagram in Fig. 22-3 on the next 
page, which shows the main sections ot the re-

ceiver in their proper tunctional relationship. 

Front End Troubles. — The part of the receiver 
most likely to develop trouble is the r-f section. 
It is often called the front end, since it is the 
part of the set through which the signal passes 
first. Here we are handling the signals from all 
the active television channels, so of course it 
is necessary to have tuned circuits to select 
the desired station, and reject the others. Also, 
it is necessary to switch from one channel to 
another, so the customer will have a choice of 
programs. It is this combination need for selec-
tive tuned circuits and a means of choosing the 
desired one at the turn of a knob that makes 
this part of the set somewhat more vulnerable to 
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trouble. At the high frequencies involved, a 
small change in mechanical relationship of the 
circuit components may change the tuning enough 
to hinder or completely prevent reception of a 
channel, or several channels. 

Trouble in this section is almost sure to 
affect both picture and sound, and this is an 
important clue. With no picture and sound, or 
with defects such as noise or jumpiness in both, 
try the effect of a little pressure or rocking 
movement on the channel selector knob. If this 
increases the noise and picture faults, chances 
are you are on the right track . Try also switch-
ing off the affected channel, and back, rapidly. 
Then try the other active channels for similar 
effects. Trouble in the r-f units may show up 
on one channel only, but it can also affect several 
or all channels. A defect in the oscillator cir-
cuit, for instance, can easily cause no picture 
and no sound on all channels. 

The horizontal Oscillator. — The circuit 
next most likely to develop trouble seems to 
be the horizontal oscillator, and associated com-
ponents. If the set seems to have normal sound, 
but the picture won't lock in, or stay locked in 
horizontally after you get it, horizontal oscillator 
trouble is a good possibility. 

vertical 
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Of course, trouble can develop in any of the 
other circuit blocks that make up the receiver, 
but on the basis of past experience, the two units 
just mentioned seem to fail most often in sets of 
current and past production. Here are some more 
general clues to use in localizing the trouble. 
If sound is okay but there is no raster, the high 
voltage supply may be defective. 

Checking High Voltage. — It's quite possible 
that you'll have no instrument available that 
will measure the high voltage. Even so, you 
can make a rough check by VERY CAREFULLY 
drawing an arc from the high voltage lead, after 
disconnecting it from the kine. The length and 
color of the arc will be a fair indication of the 
condition of the high voltage supply. In most 
sets, an arc of bright blue or bluish violet, from 

1/2 to 5/8 inch long is pretty fair evidence of 
normal operation. Incidentally, you must draw 
the arc in a certain way, and follow the same pro-
cedure each time, or you may not get the proper 
result. Worse than that, you may damage the set, 
or your own precious hide by carelessness. DO 
NOT DRAW THE ARC BY BRINGING THE HIGH 
VOLTAGE LEAD CLOSE TO SOME PART OF 
THE SET THAT IS AT GROUND POTENTIA L. 
If you do, a relatively large current will flow 
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through the series 1 meg resistor in the high 
voltage circuit, and the value of the resistor is 
likely to increase to 10 or 15 meghoms as a re-
sult. This will lower the effective high voltage 
at the kine, and cause the picture to " bloom" 
(expand in all directions) and probably lose 
brightness. 

Instead of arcing to ground, hold a screw-
driver with a well insulated handle so that the 
tip is brought near the tip of the high voltage 
lead. Be sure you hold the tool by the insulated 
handle, of course. It may seem odd to draw an 
arc from a power supply in this way, with (ap-
parently) no return circuit. Actually, capacity 
effects between your hand and the metal of the 
tool, and between your body and the chassis 
account for the result. 

If the high voltage seems normal during this 
test, it may indicate a defective kinescope, or a 
ground from the metal cone to the chassis in 
tubes having that construction. A defective kine 
is more common than grounding trouble. 

Interpreting General Symptoms. — If there is 
normal sound, but no raster or picture, the r- f, 
sound i-f, sound detector, and audio amplifier 
and speaker must all be operating properly, which 
puts the trouble in some part of the picture cir-
cuit further from the input than the point where 
the sound is taken off. 

Obviously, if there is a normal raster or pic-
ture, but no sound, the trouble must be in some 
part of the sound channel that is not common to 
the picture channel as well. This means beyond 
the point in the picture i-f channel where the 
sound channel is separated. 

Checking Tubes. — There are several other 
general symptoms of this sort that help to narrow 
down the search, but these will be enough to 

illustrate the method, and a later lesson will take 
up this process in much gfeater detail. It's time 
now to consider some facts about the component 
parts of a television set, since they influence 
the narrowing down process greatly. One of the 
first parts to suspect is the vacuum tubes in 
the section of the receiver that seems to be at 
fault. As soon as you have traced the trouble to 
the receiver itself, you should check all the tubes 
for proper seating, and to see that they are ac-
tually at operating temperature, but not overly hot. 
Only some experience handling and feeling tubes 
in normally operating sets will make it possible 
for you to do this effectively. If everything seems 

in order, try replacing the tubes in the suspected 
section one at a time, with tubes taken from your 
supplies. It is best to use for test replacements, 
only tubes you know definitely are good, but it 
is fairly safe to assume that new tubes will be 
good, if you do not happen to have one on hand 
that you have actually tested in an operating 
receiver. 

Don't pull tubes and substitute others whole-
sale, for you'll only make it harder to find the 
actual faulty tube or other component that way. 
Instead, replace one at a time, give the replace-
ment tube time to warm up, and check the trouble 
symptom again. If there's little or no improve-
ment, put the original tube back in the socket, 
and go on to the next. It is particularly important 
when testing the oscillator tube in the r-f section 
by substitution that the original tube be replaced 
if it is not defective. If this is not done, the 
differences between the individual tubes may 
make it necessary to realign the oscillator tuning, 
and this is unnecessary if your test shows the 
trouble is not in the oscillator circuit. Even the 
horizontal or vertical oscillator circuits may 
require some readjustment when tubes are changed, 
although they are not so critical as the r-f oscil-
lator circuit. 

One of the reasons for starting your check of 
components with the vacuum tubes in the set is 
that, in spite of continuous efforts at improve-
ment, vacuum tubes are still more prone to failure 
in service than many other types of components. 
Another reason is that the tubes are accessible 

without removing the chassis from the cabinet, 
and thus can be tested with little waste of time 
or labor. 

Other Component Failures. — However, other 
parts can fail as well, and its worth our while 
here to consider the others most commonly found 
defective, to see how they affect the localizing 
problem. Service records seem to indicate that 
by-pass capacitors in the various- circuits are 
next most likely sources of trouble. These 
usually fail by short circuiting, or by developing 
high leakage, which is really a sort of partial 
short circuit. They may also occasionally de-
velop an open circuit, but this condition is con-
siderably less common. A short circuited capaci-
tor or one having high leakage is likely to cause 
a resistor or tube in the associated circuit to 
draw a heavy current overload, and possibly fail 
because of it. Such overloads heat the affected 
part far above the proper operating temperature, 
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Fig, 22-4 

and usually cause a distinctive odor which you'll 
soon be able to recognize long before you get 
the chassis out of the cabinet. 

Use Common Sense Reasoning. — Before we 
turn to these and other specific aids in locating 
trouble, however, let's consider some general 
principles of servicing that should now begin to 
show up. Probably you are already aware of 
them, but it is best to state them definitely at 
least once, to help fix them clearly. It's obvious 
that, since the signal goes through the receiver 
in a definite sequence of circuits, anything going 
wrong at one point in the sequence will do some-
thing to the signal to show that there is trouble 
somewhere, or perhaps prevent the signal pro«. 
ducing any output at the kinescope or loudspeaker 
at all. As soon as you know that the set is getting 
power, and that all the tubes are at operating 
temperature, you know there must be a raster 
or a reason for not having one. If in addition 
you know that television signals are reaching 
the input terminals (either sound or picture out-
put coming through),you then have a starting point 

for your detective work. It then becomes a matter 
of using your knowledge and experience in testing 
step by step until you reach the point where the 
signal goes bad or disappears. 

Naturally the more experienced you become, 
the more accurately and quickly you will be able 
to analyze the information you get from the appear-
ance of the kinescope, or the sound output or lack 
of it. But the biggest factor in unravelling the 
the puzzle will always be your ability to observe 
the effect produced by the fault, and reason back 
to the defect in the circuit that can cause such 
a symptom. By all means try to build up this 
detective ability by becoming familiar with circuit 
diagrams and the operating sequence of the various 
circuits, and by analyzing case histories you 
encounter in your daily work. Practice of this 
kind will soon make it possible for you to handle 
the usual difficulties in stride, with hardly a 
pause for headscratching. And when you hit the 
tougher, more obscure problems, you'll have the 
basic method for solving them already established 
in your mind. 
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AIDS IN LOCALIZING TROUBLE 

22-3. After you've established that the trouble 
is in the set, and is not due to defective tubes 
or some other fault that can be checked with the 
chassis in the cabinet, you'll have to haul it 
out where you can get at the bottom for the next 
stage of the work. In getting the chassis out, 
be careful not to damage the cabinet, or any of 
the customer's other furniture, and handle the 
set gently, particularly if the customer is present. 
Naturally you work on your drop cloth in order 
not to litter or soil the floor or rugs. 

Preliminary Inspection of Chassis. — Now you 
can smell under the chassis for overheated parts, 
and also inspect it visually for misshapen or 
discolored resistors or capacitors, broken or 
improperly dressed leads, burned insulation, 
loose connections, or poorly soldered joints. 
These latter are a major source of trouble, par-
ticularly in the r-f section. They can sometimes 
be found by inspection, as they usually have a 
greyish, lusterless look, but often it is necessary 
to try poking and prodding them with the set 
operating in order to really find them. 

In addition to looking and sniffing, you can 
feel some of the parts to make sure they are 
operating at normal temperatures. Be wary of 
getting your hand on any voltage that can shock 
you, however, as aside from the unpleasantness 
and danger of injury, there is also the risk of 
damaging the set. In fact, at this stage of the 
game you should be ready to make use of the 
schematic diagram and other detailed circuit infor-
mation provided in the Service Data _for the set. 

Use of Service Data. — Oddly enough, quite a 
few customers consider your use of the Service 
Data as evidence of ignorance on your part, as 
though every service technician had an infallible 
memory for every single feature of every one of 
the dozens of çlifferent models of television 
sets now in service. This isn't a very reasonable 
attitude, but you must keep in mind that the 
customer doesn't have a very good idea of the 
complexity of the set or the number of different 
models you must deal with. 

You cadhelp this situation when you have to 
pull a chassi and explore its "innards" with the 
aid of the schematic diagram, by letting him see 
just what a rat's nest of small parts and wiring 
exists beneath the chassis. You can mention 
casually that television sets have five or six times 
as many parts as an ordinary radio, and several 

kinds of circuits that are quite complex. You can 
also give him some idea of the number of different 
models of receivers in service by mentioning 
that there are dozens of different models of just 
one make receiver. This will make it fairly ob-
vious to most people that a television set is more 
difficult to service than a little table model AM 
radio. It will also give the customer some under-
standing of why you refer to the schematic, and 
you can add to that by mentioning that your com-
pany insists that you use a schematic, rather 
than relying on guesswork and memory in servic-
ing his set. Naturally you should not make a big 
show of getting this information across. Let it 
come out as it might in a normal conversation. 
At the same time you will be satisfying the cus-
tomer's curiosity, and the chances are he will 
have an increased respect for the problems of 
television service when you've finished. 

A better informed customer is very likely to 
be a more understanding and reasonable one, too. 
Incidentally, while it's a good idea to give the 
customer a reasonable idea of the complexity of 
a television receiver, don't go to the opposite 
extreme. Don't make it out to be a super-complex, 
ultra-tricky sort of contraption that is likely to 
go haywire at the slightest disturbance. Con-
sidering the added complexity as compared to 
ordinary radio receivers, a television set is 
surprisingly free from serious troubles in service. 
You'll find some other useful ways to clarify 
matters for the customer in the Section of this 
Lesson devoted to Customer Education. However, 
it is time we got on with discussion of the equip-
ment you use on the job. 

What a Voltmeter Will Tell You. — Along with 
the Service Data and all the diagrams, pictures, 
and other information it contains, you usually 
will have a volt-ohm-milliammeter such as the 
Simpson 260, and hand tools such as screw-
drivers, pliers, sidecutters, small wrenches, etc. 
The meter enables you to measure practically 
any voltage anywhere in the set, excluding the 
high voltage to the kine, as mentioned before. 
You can also read the current through any circuit 
but since this requires disconnecting a lead and 
putting the meter in series with the circuit, it 
is much more common to measure the voltage 
drop across some component in the circuit whose 
resistance is known. Then the current can be 
found by Ohm's law, although usually a compari-
son of the voltage found between a given point 
and ground will show whether or not the current 
through that circuit is normal. 
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Fig. 22-5 

Naturally in making measurements with the 
meter, you'll have to be able to identify the actual 
appearance of components with their symbols on 
the schematic diagram, but this is merely a matter 
of some intelligent observation and practice. 
You can learn a great deal by reading voltages 
at different points in the suspected circuit and 
comparing them with the correct voltages shown 

on the schematic. Any large departure from the 
specified values indicates trouble, and means 
a careful check of each individual component in 
in that circuit. If, for instance, you find that the 
grid voltage of any stage differs from the valúe 
specified on the circuit diagram by more than 
about fifteen percent, it's a pretty sure indication 
that something is wrong. First, check the line 
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voltage, unless you're already sure it is normal, 
or nearly so. Your next move is to study the 
circuit diagram, if you are ncx already familiar 
with that part of it, and decide what is the most 
likely cause of the trouble. Your experience with 
similar circuit defects naturally has a lot of 
bearing on this question. In the case we are cop-
sidering, the trouble could be a defective tube, 
improper supply voltages, B plus voltage leaking 
through the coupling capacitor, a defective grid 
resistor, incorrect signal voltage to the stage (in 
cases where the bias is produced by the signal 
voltage), or a leaky cathode bypass capacitor. 
This example is only offered to illustrate the 
method of tackling such problems. In general, 
it is wise to test for the most likely defect first, 
as was done in this case. That is why a general 
knowledge of which types of components fail 
most often in service is helpful. 

It should be clear from this that you need to 
understand tile way in which each circuit in the 
receiver operates, and also be able to recognize 
at a glance any component part, and its corres-
ponding symbol in the schematic. A later Lesson 

in this course, on the chassis and its components, 
will help; but there is no complete substitute for 
direct study of the chassis itself. In this way you 
learn the actual appearance, feel and smell of 
normally operating components and circuits, and 
you can poke into them with a voltmeter and see 
just how a normally operating set should read. 
Bear in mind, however, that readings must be 
made in the same way as they are described in 
the Service Data. Otherwise, you may get different 
readings. If for instance the Service Data speci-
fies that voltages are to be read with no signal 
tuned in, you must not expect to get the same 
readings in all circuits when there is a signal 
tuned in. Also, some circuits are of such high 
internal impedance that they will show different 
readings on the Simpson meter than on the Elec-
tronic Voltmeter. Fortunately this is not true of 
most of the measurement points, and a little de-
duction will usually show you where this pheno-
menon is likely to cause confusion. 

Experience vs. Theory. — The question of 
experience versus theory is often discussed in 
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servicing organizations. It should be apparent 
by now that neither one is of maximum use with-
out the other. Furthermore, there must be a 
balance between the usage ycu make of these 
two things, or you will not attain maximum effi-
ciency. The fellow who snears at " booklearning" 
is likely to be someone who secretly fears he 
doesn't have enough of it, and the theory shark 
who can't replace a grid resistor without running 
off several differential equations via slide rule 
and log table is no more use in the shop than a 
bladeless screwdriver without a handle. On the 
other hand, accurate understanding of the electri-
cal principles on which all components and cir-
cuits function will make it possible foi you to fig-
ure out what is happening even in circuits that are 
new to you. Coupled with the practical skill 
and speed in recognizing familiar troubles that 
experience brings, such theoretical knowledge 
makes the best possible combination. It is 
probably true that theoretical knowledge is of 
more direct use when tackling a new or especially 
obscure problem, and practical experience is 
best suited to handling run-of-the-mine difficul-
ties. However, nobody can count on encountering 
only the "usual" troubles he is familiar with, 
any more than he can count on throwing all sevens. 

Probably the worst fault of the "practical" 
man who swears he knows nothing about theory 
and doesn't need to, is this: He fails to realize 
that a knowledge of theory is really not very 
hard to acquire, and that it will be an asset in 
his daily work, to say nothing of his chances for 
advancement. In time, this mistake can have 
serious consequences, for other men whose atti-
tude toward theory is more logical will sooner or 
later catch up to and pass him in ability on the 
job. The complexity and variety of electronic 
devices in use by industry and the public is 
steadily increasing. Naturally the demand for 
men whose theoretical knowledge is great enough 
to permit them to adapt quickly to new circuits 
and techniques is also increasing. 

As to the theoretical man whose practical 
experience is shaky, he too has problems. It is 
not enough to just know in this world, unless 
you don't have to worry about inconsequential 
things like eating. You must also do, and in 
servicing work, that means produce finished jobs 
at a reasonable rate. Perhaps the greatest weak-
ness of the theoretical man is a lamentable ten-
dency to make every job, however simple, into an 
exhaustive demonstration of his knowledge of 
Thevenin's Theorem, or the Laplace transform. 
This sort of thing may be great for astounding 

your friends and keeping the Little Woman in 
proper awe of the Genius she married. But it 
doesn't get Milton Berle and Hopalong Cassidy 
on the kinescope as fast as a quick, practical 
job of yanking the bum tube and replacing the 
leaky coupling capacitor. Don't let yourself fall 
into either of these extreme attitudes. 

CUSTOMER RELATIONS IN SERVICING 

22-4. Back in the beginning of the Course 
you learned about the importance of your relation-
ship with the customer during installation work. 
In service work, customer relations are, if any-
thing, even more important, because of a psycho-
logical point you must keep firmly in mind. In 
every case where service is requested by the 
customer, he is dissatisfied with the performance 
of his television set. The reason for his dis-
satisfaction may be anything from no picture to an 
imaginary new reflection, or an unfavorable com-
ment by a neighbor. The point is that he is dis-
satisfied, and your job as a service technician is 
to make him a satisfied customer again. In most 
cases, of course, this means repairing or readjust-
ing the receiver, or some other part of the instal-
lation. But in quite a percentage of cases, it 
means informing and educating the customer about 
some aspect of his receiving installation, or of 
television in general. In any case, you are deal-
ing with a person who is dissatisfied, and you 
should be prepared to use whatever tact and 
diplomacy is required, as well as your technical 
knowledge and skill. 

The amount of these qualities you need on 
any given call will vary, depending on how reason-
able and intelligent the customer is, and how 
serious his dissatisfaction is. But these quali-
ties, and some knowledge of basic human psy-
chology, are just as much a part of your working 
equipnient as your screwdriver, or your knowledge 
of Ohm's law. That is why this Section of this 
Lesson is included — Cci provide you with the 
needed knowledge of psychology and the under-
standing of the importance of applying it, not 
only in dealing with the customer, but in govern-
ing yourself, as well. That is a large part of 
the matter of being tactful and diplomatic. Re-
member that it is much easier to keep customer 
goodwill than it is to recover it, once it has 
been lost. 

Overall Importance of Customer Goodwill. — 
The extreme importance of customer goodwill 
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maynot be readily apparent to you at first thought. 
You may know that the quality of your receivers 
is high, and that they offer as good or better 
value for the money than any competitive make. 
You may know that the service organization and 
policy standing back of your line is unequal-
led in the field for competence and reliability. 
But here is where the catch comes. The customer 
cannot know these things with the conviction 
you do until you convince him, because he does 
not enjoy your inside knowledge of the television 
field. Also, he is assailed constandy by all 
sorts of conflicting claims, which he lacks the 
technical knowledge to evaluate accurately. 

In the long run, any competitive business de-
pendent on the patronage of the public must 
have a large measure of public goodwill in order 
to succeed. Fly-by-night, catch-'em-and-skin-
'em promoters can occasionally open a business 
venture in an expanding field and fleece some 
trusting people with a gyp operation, but they 
can't stay in business very long in competition 
with legitimately run businesses. One of the 
reasons for this is that reputable businesses, 
knowing that continuing success requires public 
confidence and goodwill, offer honest values in 
the products they sell, and back them up with 
honest, fair service policies and organizations, 
and that's where you come in. All the smart 
advertising and glittering showrooms and sales-
people that money can buy will not long sustain 
a business that offers a consistently inferior 
product, or a dishonest, cheating policy and or-
ganization to back it up. 

Over the years, the value and importance of 
an honest, efficient, and reliable service organi-
zation in back of a line of products begins to 
make the difference between failure or just getting 
by, and stable, dependable success. It ought to 
be pretty obvious that the latter kind of business 
is the only sort that insures continued employ-
ment at good pay, and opportunities for advance-
ment. From this latter it follows that you have a 
direct, personal interest in building the public 
goodwill and confidence that makes all this 
possible, to say nothing of your natural desire 
to maintain your self respect and the respect of 
your employer and fellow workers as an efficient, 
honest, intelligent worker. 

Your Part in Building Customer Goodwill. — 
It is easy for you to underestimate the importance 
of your own part in building and maintaining 
customer goodwill and confidence. You may 
know that your company's name is one of the best 

known and most widely respected in the whole 
field of radio-television-electronics. You also 
know that the part played by any one man in a 
large organization must necessarily be limited, 
even if he be the most important person in the 
firm. But here's where an important piece of 
psychology enters the picture. When the customer 
is dissatisfied, it is very easy to lose his good-
will permanently. During this time, you are the 
representative of your company he is in direct 
contact with. You are in a position to remove his 
dissatisfaction, in almost all cases. To him, 
you are the company, to a very large extent, and 
you must think of yourself that way, too. 

Now, it's easy to tell you what you should do 
to have the best inssible effect in building good-
will in the customer, but the actual doing can be 
pretty tough in some cases. Some of these diffi-
cult jobs will be tough because of the technical 
side, but these are relatively rare. More likely 
the difficulty will be a customer relation problem, 
particularly if there have been several calls for 
service before, perhaps for the same complaint. 
No use kidding ourselves, either. There are 
bound to be some customers who simply are un-
reasonable and generally hard to get along with 
for some reason or other. Either way, it's up 
to you to do your best not only to correct any 
trouble in the receiving installation, but to re-
gain the customer's goodwill, as well. Accept 
the occasional difficult customer as a challenge 
to your self-control and diplomacy, and resolve 
that you will not be shaken out of your properly 
pleasant but businesslike attitude. 

Fortunately, the percentage of really unfair 
or unreasonable customers is very low when we 
consider all the customers, although one difficult 
case may sometimes lead you to feel otherwise. 
Then of course, the unreasonable customer also 
spends money, and is entitled to the services 
promised him in his service contract. Often, 
too, real patience and skill on your part will 
result in making a good customer out of an un-
reasonable one. Of course, there are cases where 
there has been a mistake in servicing that has 
resulted in a good deal of unnecessary annoyance 
to the customer. These are the cases that require 
the most prompt and careful handling, for the 
customer really has good reason to be angry, and 
your job is a tough one. Such cases are uncommon, 
but have come tip in the past, hence the practice 
of reviewing the individual case history of each 
service call was begun. 
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Fig. 22-7 

Specific Customer Relations Techniques. — 
You learned earlier in this Lesson how to fore-
stall development of any more of these "hot" 
cases, so we'll go on to consider some tech-
niques to use in your relations with the customer 
when you're doing service work. Don't get the 
idea that these are just ways to " soft soap" 
him, or that you're supposed to become a super-
salesman and not a TV technician. The most 
powerful single factor in building good customer 
relations is curing the trouble quickly and per-
manently, when real trouble exists. You must 

first of all be technically competent to do this, 
and the primary purpose of this Course is to pro-
vide you with the necessary technical knowledge 
and understanding. BUT, (and this is a big but) 
much of the customer goodwill and satisfaction 
resulting from prompt, efficient repair of his set 
be lost again by incorrect conduct on your part. 

This is particularly true if for some reason or 
other the customer is angry, or in fact, in a state 
of strong emotion of any sort. Unfortunately, 
this is sometimes the case, so you must be ready 
to handle the situation properly. Bear in mind 
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that the customer's complaint may not be legiti-
mate in some cases, but that you still must do 
all you can to save the situation and recapture 
his goodwill and confidence. The pressure of 
modern living in big cities puts a good deal of 
strain on lots of people, and when some real or 
imaginary difficulty develops, they are likely to 
unload all their unconscious frustration and re-
sentment on the first outlet that shows up, which 
may be you. Don't let this frighten you, however, 
for a little patience and self-control on your part 
will do wonders toward reestablishing friendly 
relations. 

When the customer is excited, the first rule 
is to let him do most of the talking, while you 
pay close attention, in a calm, respectful way. 
Above all, do not start to argue back, or defend 
yourself or your company while the customer is 
getting his complaint off his chest. That will 
only result in heightened feelings on his part. 
Instead, you must deliberately remain calm and 
attentive, and try to actually draw out the customer 
a little by a few questions, leading the conver-
sation as quickly as possible into an explanation 
of what specifically is the matter. The most 
important aspects of your conduct are to give 
respectful attention, and not to offer resistance 
or argument. You will find that with most people 
this reasonable attitude on your part will get 
them calmed down and in a more reasonable 
frame of mind themselves. 

There are also customers who are shy and 
diffident in the presence of strangers. You are 
a stranger in their home, and so this sort of 
person may feel ill at ease with you. It's up to 
you to win their confidence and make them feel 
at ease, as otherwise you may not learn all the 
facts about the trouble. You already know that 
the information you get from the customer is an 
important help in repairing the trouble quickly 
and completely. With this sort of customer, you 
will usually have to take the initiative in the 
conversation in order to get the proper information. 
You can do this readily enough, starting with 
your natural inquiry as to what the trouble is, 
which you'd normally make right after you have 
introduced and identified yourself. Don't forget 
to present your identification card, as this in 
itself helps to establish the customer's confi-
dence in you. Your attitude should be business-
like, but friendly, and you can usually get the 
customer to give his account of the trouble by 
asking him to describe exactly what happened 
when he first noticed the fault. 

Usually his first statements about the trouble 
will give you an indication of what other ques-
tions to ask. You can keep on asking questions 
until you feel you have all the information the 
customer can give, but if the set will still operate, 
it's a good idea to get the customer to turn it on 
and tune in a picture for you. Right here is a 
subtle point worth remembering. You must observe 
the customer's procedure in operating the set 
without being so obvious about it that you em-
barrass him, for some people have a natural 
timidity about technical apparatus, and this may 
be part or all of the trouble. If the difficulty is 
really due to incorrect manipulation of the set 
controls, you must be careful to educate him in 
the correct way to handle them in a way that will 
not be offensive. This matter of customer educa-
tion is treated more fully in the section following 
this one, so we'll go on to consider other aspects 
of the customer relations matter here. 

Don't Undermine the Customer's Confidence. — 
The customer's satisfaction with his set and his 
goodwill toward yœir company and yourself are 
based considerably on his confidence in you. 
This confidence is partly the overall result of 
the excellent reputation your company has earned 
arrong the general public, and partly due to care-
ful advertising in various ways. It is up to you 
not only to avoid doing anything to weaken that 
confidence, but to do whatever you can to en-
hance it, because it is one of the things that 
makes satisfied customers and repeat buying. A 
satisfied customer is your best advertisement. 

One of the easiest ways to weaken the cus-
tomer's confidence in you and your whole 
organization is to criticize and disparage previous 
work in his presence. No organization is perfect, 
and occasionally you are bound to come across a 
case where there's trouble because someone ahead 
of you slipped up — the last service technician, 
the installing crew, or maybe even the dealer, or 
the factory. Don't unload your tale of woe about 
this discovery before the customer. Instead, set 
about correcting the trouble if you can, or pull 
the chassis if you can't. But save your story for 
the proper person, your employer. - 

If the customer wants information, it is quite 
in order to explain what the actual technical 
difficulty is, if you can do it in nontechnical 
terms that he can understand. But don't affix 
blame for the condition. Doing this before the 
customer will not prevent such things from hap-
pening again. Reporting the matter to your 
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employer will, because your company is just as 
interested in eliminating such sources of trouble 
as you are. 

Getting Information From the Customer. — One 
of the first things you should do after contacting 
the customer is to learn whatever he can tell you 
about the difficulty, and how it started. We've 
already covered some ways to put excited or 
diffident customers into the proper frame of mind 
to provide you with this information. Once you 
have established this proper relationship, you 
can get at the business of obtaining the needed 
information. Often it's best to have the customer 
turn the set on and demonstrate the trouble, if it 
is still operating at all. While he is doing this, 
you can ask him to describe in his own language 
just what happened when he first noticed the fault. 
Usually the customer does not know the technical 
jargon of television any better than you do that 

of surgery or placer mining, but you should be 
able to understand his description well enough 
to know what happened, or at least to form a 
suspicion. You can then ask questions designed 
to discover whether or not your suspicion is 
correct . 

Often it's important to know whether the trouble 
developed all at once or gradually, so be sure 
to inquire about any times the set may have 
acted up previously. Poor connections and a 
few similar troubles often show up weeks before 
they finally cause the set to quit altogether, by 
causing temporary difficulty that either clears 
as the set warms up, or. is cleared by a jar or 
bump to the cabinet. With the number of tubes 
in the average television set, there is always 
the chance of a poor pin contact, and of course 
bad solder joints are a distinct possibility. Both 
these defects often fail to cause trouble until 
the set has been on and off several dozen times 
in the customer's home. 

Service Work in the Customer's Home. — In a 
good many cases, you will be able to spot the 
trouble and complete the repair right in the cus-
tomer's home, and of course this is the most de-
sirable way to handle the job unless there is 
some compelling reason for pulling the chassis. 
It avoids the delay and loss of use of the re-
ceiver that the customer must put up with if the 
set goes into the shop, and it saves you a good 
deal of lifting and carrying work that isn't ex-
actly fun. 

Naturally you should be just as neat and 
careful in doing such work in someone's home 
as you'd want them to be in yours if the situation 
were reversed. Be sure to spread your drop cloth, 
putting it, if possible, in a place where you and 
it will not obstruct normal passage through the 
room. Keep in mind the things you learned back 
in Lesson 5 about avoiding even the appearance 
of carelessness or a lack of consideration for 
the customer's property. Don't even handle the 
the set and chassis in an overly nonchalant, 
offhand way, but instead use care and caution. 
You handle dozens of sets a day, but the custom-
er sees only one handled, and it's his one and 
only. Don't be afraid to let it be apparent that 
you respect his set and other property, and mean 
to treat it accordingly. 

In actually doing service work in the home, 
you will be more or less in contact with the 
customer right through the operation, at least in 
a good many cases. This situation does make 
things a bit different from working in the shop, 
and it's worth our while to consider some of these 
differences as they affect customer relations. 
Since you have established friendly, easy re-
lations, it's quite likely that the customer will 
ask questions about the set and the trouble, and 
what you are doing. It isn't up to you to deliver 
a lecture or a running commentary, but naturally 
you should be pleasantly polite. However, don't 
let this desire to be polite ensnare you into making 
any promises you are not dead sure you can keep. 
If it is three o'clock, for instance, and there's a 
program on at four that the customer wants to see, 
don't promise to have the set in order before 
then unless you are double darn sure you know 
exactly what is wrong, and that you can have it 
finished by then. One broken promise, for no 
matter what reason, is remembered long after 
several fulfilled ones are forgotten. In fact, one 
of the few safe promises is to do your best to 
get the set repaired quickly. 

Beware of Recurrent Troubles. — In trying to 
get the set back in operation quickly, however, 
you must not fail to be thorough. This point has 
been somewhat neglected in the past, with the 
result that at least one kind of difficulty has 
caused some serious customer relations problems. 
It goes something like this. On getting into the 
job, the technician finds a defective component 
in the faulty circuit . He replaces this with a new 
part, and finds that the set seems to operate 
properly. He then replaces the chassis, tidies 
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up, and goes on his way. A few days later the 
same part fails, the customer again calls for 
service, another technician is sent out, and the 
same cycle is repeated. About the third time 
this happens, say within a period of a month, the 
customer is ready to give up television for Par-
chesi or charades, and his blasts of annoyance 
are quite likely to reach as far as the home office 
of your company. Don't think you'll escape 
them, either. But do remember that you can 
save the situation and prevent the loss of good-
will by simply running down the whole difficulty 
in the first place . 

Oddly enough, this kind of trouble is usually 
easy to eliminate with a small amount of applied 
common sense. Obviously, if the same part fails 
twice in succession within a short period of time, 
there is probably a darn good reason for the 
failure. It could conceivably be that both com-
ponents were inherently defective, but the chance 
is slim, and you'd better look further. This is 
another place where your review of the past ser-
vice record of the set can save you a monumental 
headache. If a set shows two recurrences of an 
identical component failure, you should immedi-
ately suspect that some other component is de-
fective enough to cause overloading of the part 
which has failed, without itself showing up as 
obviously defective. 

A leaky capacitor or a resistor that has changed 
its value may cause so much current to flow 
through another resistor in the same circuit that 
it fails very quickly in service. Yet the real cul-
prit may keep right on working for months or years 
without really conking out completely. Whenever 
you have a recurrent trouble, even a tube failure, 
better check into the voltages and currents in 
the circuit involved to see that they are normal. 
The Service Data for the particular chassis pro-
vides you with the normal voltage and current 
limits, and you can use your meter to check them. 

What Jobs Can Be Done in the home. — In 
general, you should try to do as many of your 
servicing jobs in the customer's home as the 
nature of the jobs will permit. But you can't 
do all of them there, and it's pretty important to 
have a good idea which jobs you can handle 
there, and which ones will have to be pulled in 
to the shop. 

Replacement of tubes, oscillator realignment, 
replacement of small capacitors or resistors, 
replacement of controls such as the volume or 
contrast control, readjustment of FM traps, and 

most of the other regular adjustment jobs can 
readily be done in the customer's home. In fact, 
the business of narrowing the trouble down to a 
specific component is likely to take more time 
and mental effort than actual correction of the 
difficulty, once you've found it. That is just 
one reason why you should work hard at per-
fectipg yourself in the kind of common sense 
detective work that permits you to narrow down 
the search systematically to the one spot where 
the trouble can be. 

Some other kinds of trouble shooting are on 
the borderline between "pull-in" and "fix-on-
the-job". If, for instance, you are dead sure 
you know exactly which parts are faulty, but 
you don't have replacements with you, it is better 
to leave the set, and call back later with the 
parts. A good practice is to call your manager 
for advice on the point, if you are in doubt as to 
when you can _get back. However, if you're not 
dead sure you've located the trouble and know 
exactly what you need to put it right, better pull 
the set in. If you leave it and call back with the 
part,, only to find it still is not fixed, you then 
have to pull it in anyhow, and chances are the 
customer is not going to have as much confidence 
in you after that, as he had before . 

Service to Be Done in the Shop. — Inevitably, 
some troubles occur in television sets that can-
not be serviced in the customer's home. Besides 
these, there are others that are more conveniently 
and efficiently done in the shop, even though in 
a pinch they can be done in the customer's home. 
In the first category are those involving i-f ampli-
fier or overall set alignment, difficult mechanical 
replacement jobs, serious r-f unit trouble, re-
placement of parts you do not have with you, or 
good customer relations. These classifications 
were discussed more completely in considering 
the technical side of the servicing problem, 
earlier in this Lesson. 

In general, your decision to pull the chassis 
in cannot be made until you have diagnosed the 
trouble correctly, and know just what the repair 
job is to be. However, there are bound to be 
some cases where for some reason or other you 
are unable to decide exactly what is wrong within 
a reasonable time. Naturally you must try to keep 
such failures to an absolute minimum, since a 
considerable proportion of them are sure to turn 
out to be faults that cou I:I have been repaired in 
the customer's home. But there is an important 
customer relations point involved, as well . 
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Fig. 22-8 

If you ure wcrking in the presence of the 
customer, it is not good policy to show yourself 
obviously baffled and uncertain just what is 
wrong, or what to do next. Nor, is it wise to 
make too many calls to the shop for information 
or advice. In such a situation, if you are unable 
to find the trouble after reasonable effort, better 
pull the chassis, perhaps explaining to the cus-
tomer that it requires the use of instruments you 
do not have in your truck. 

The remaining case in which you should re-
move the chassis to the shop is when the customer 
demands it, and you can see that he will not 
be satisfied unless it is done. Sometimes a 
customer will get the idea (possibly from too 
many recurrent troubles) that the set just can't 
be repaired properly in the home. He may suspect 
that there are other things wrong with it that are 
not being checked, or he may have the idea that 
nothing involving vacuum tubes can really be 
repaired without the use of a battery of impres-
sive test equipment. In such cases, don't argue, 
but just pull the set in, and explain the situation 

to your manager. Besides, the customer some-
times guesses right about those tough cases! 

CUS TOMER EDUCATION 

22-5. It often happens that, in spite of the 
work of the installation crew, there are some 
things about operation of the television receiver 
that are not perfectly understood by the customer. 
Even more likely, there will be other aspects of 
the whole television broadcasting system that 
affect his use of his set, which he also does not 
understand. It's a regular part of your job when 
making service calls to do whatever is needed to 
correct this condition, for otherwise there's a 
good chance for unnecessary or useless service 
calls to be made, and for the development of mis-
understanding and bad feeling between the cus-
tomer and your company. Often a little consider-
ate, tactful work on your part will not only give 
the customer greater satisfaction and enjoyment 
from his set, and eliminate a possible fruitless 
service call into the bargain. 
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Operation of the Controls. — We've already 
discussed the matter of correcting any of the 
customer's errors in operating the set. You must 
do this sort of thing in a very tactful way, of 
course. Keep in mind that the customer is pro-
bably not stupid, but merely uninformed. There 
is a big difference, as you can easily prove to 
yourself by opening a dictionary at random and 
seeing how many words there are on any page 
that you never knew existed. It's worth repeating 
that we're all ignorant, but about different sub-
jects. You can suggest in improving the cus-
tomer's operating technique that perhaps he has 
forgotten a fine point or two about the tuning 
that will help get the picture in better and more 
dependably. It is easy to do things in a wrong 
sequence, and your minimizing his mistakes and 
suggesting that they are merely memory lapses 
will help you avoid giving offense. You should 
be polite but businesslike, giving an impression 
of friendliness but never any suggestion of fa-
miliarity, even if the customer's manner seems 
to invite it. Overstepping the bounds in this 
direction can only lead to trouble, while staying 

inside the proprietary limits cannot do you any 
harm. 

Transmission Conditions. — The next most 
common need for customer education arises from 
transmission, propagation, noise, or interference 
conditions over which a TV technician has 
little or no control. These cases are tougher, 
and require a good deal of patience and skill 
on your part, for they can hardly fail to sound 
like excuses to anyone who does not understand 
the phenomena involved, like reflection, oscillator 
radiation, etc. However, when all that can reason-
ably be done to cure the trouble has been done, 
there is nothing left but to try to make the cus-
tomer understand. If there is an alternative, 
such as a special antenna, higher mast, or booster, 
that offers reasonable hope of improvement at 
some expense to the customer, be sure to ex-
plain about it. But be cautious in your descrip-
tion of possible benefits, and don't make any 
promises that you're not absolutely sure you can 
fulfill. Nothing is likely to be mom damaging to 
goodwill than that. 
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Fig. 22-10 

If propagation difficulties such as weak sig-
nals, ghosts due to reflections, or garbled sound 
due to multipath distortion are present, try to 
explain the matter to the customer in nontechnical 
terms that will be familiar to him. The most 
difficult sort of case for this task is one where 
several of the customer's neighbors enjoy con-
sistently better reception than he does. You'll 
have to make clear to him that sometimes even 
a few inches or feet difference in the positions 
of two antennas makes the difference between 

no picture and a box seat at the World Series. 
Naturally you will also have to asswe him that 
you've exhausted the possibilities of his location 
unless he wishes to authorize you to try some 
special measures. It's advisable to consult your 
manager about any such measures, too, and 
have a clear understanding of what to charge the 
customer for such work. 

Interference Problems. — In the matter of inter-
ference, you have an even tougher row to hoe. 
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If the signal just doesn't reach his antenna, he 
can usually resign himself to the situation, but 
the mere suggestion that someone else is causing 
his trouble, legally or illegally, is often enough 
to set off a minor explosion. Again you must 
try to make the true situation clear. If the inter-
ference can be located, you must of course make 
all possible efforts to control it at the receiver. 
However, in a lot of cases this is simply im-
possible, and when that is so, the cask of getting 
rid of it is likely to be both long and painful. 
After you've done all you can to eliminate the 
trouble at the receiver, explain the situation to 
your client, and if you can trace down the source 
of interference, do so. However, better review 
the parts of Lesson 13 that apply if you have for-
gotten details, because interference is a large 
problem, and we cannot take space here to re-
peat everything said about it. 

One important point to get across to the cus-
tomer is that in almost every case, the owner of 
an interfering device does not realize that it is 
causing interference. It is not deliberate, in 
other words, and he is not being singled out for 
persecution. Another vital point is to make it 
clear that, due to the extreme sensitivity of tele-
vision receivers and their wider bandwidth, they 
can be interfered with by signals that are within 
the present legal limit of radiated energy. This 
is unfortunate, but it is a condition no one could 
foresee, and must be borne by everyone until 
something can be done to correct the situation. 

Explain Antenna Limitations. — If the trouble 
is due to restrictions in the building as to anten-
nas that may be used, or some similar ruling, 
you are partially off the hook, as most people 
are aware that, extravagant claims to the contrary, 
an outside antenna is often necessary for good 
reception. If you do your best to provide good 
reception with whatever antennas are permitted, 
such as the internal antenna, or an indoor V, 
or window mount, you won't usually find that the 
customer is unreasonable. However, you should 
make clear to him that conditions inside the 
building are very erratic, and practically unpre-
dictable. Otherwise, if he learns later that one 
side of the building eighteen floors higher is 
getting good reception, he may shoot in another 
service call, on the theory that if it can be done 
for the other fellow, it can be done where he is, 
too. This sort of " preventive education" can do 
a lot to cut down on useless service calls if you 
practice it consistently. 

Keep Customer's Viewpoint in Mind. — It's a 
good idea to try to put yourself in the customer's 
place when you're faced with such an educational 
problem as that just described. Remember that, 
fascinating as such technical details as standing 
waves and shadowing are to you, he mostly wants 
the wrestling matches, and Kukla, Fran and 011ie 
for the kids. If you can't get them for him, try to 
make it clear why you can't without sounding like 
Marconi inventing radio through a thick felt hat. 

One last point about customer education is 
worth mentioning. When a set has been in service 
for some months or years, there is likely to be 
some slow but appreciable change in the values 
and operating efficiencies of some of the com-
ponents. This may result in a gradual loss of 
performance that goes on so slowly the customer 
is not aware of it. In strong signal areas, sets 
can drift pretty far out of alignment, or lose quite 
a bit of gain before the trouble shows up notice-
ably. When you run into a case of this kind, it's 
a good idea to explain it to the customer, making 
it clear that this is perfectly normal, and does not 
indicate a defective set. He may ask why this 
is not true of ordinary radios (it actually is, but 
to a lesser degree), and you can then call his 
attention to the much higher frequencies and 
wider bandwidths used in television. The remedy 
for such a condition often is replacement of 
several tubes and more or less complete realign-
ment, and naturally this is a job to be done in the 
shop, with the proper instruments. 

CUSTOMERS QUESTIONS 

22-6. In general, you will be able to answer 
most of the customer's questions yourself. Be 
patient and as informative as you can without 
interfering with your work too much. Naturally, 
politeness and restraint should be practiced 
here, too. Never forget that your answers are 
usually taken as representing your company's 
considered opinions, unless you carefully ex-
plain that they are not. Also, be careful in 
answering questions regarding company policy 
and practices,for here again you may unintention-
ally put yourself or your company in a very em-
barassing position that will lead to lost goodwill 
Eater. If you are in doubt on any such points, 
simply explain that you aren't sure, and suggest 
that he call your office and consult someone 
there who is better informed on such matters. 
This is one of those cases where it is far better 
to say you don't know than to guess. 
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Most of the customer's questions will probably 
deal with such technical matters as why the set 
sometimes jumps out of hold when the oil burner 
or refrigerator starts up, or why the programs on 
one channel smell of Chanel, and those on an-
other of Eau de Goat. Do your best with such as 
you can reasonably answer, bearing in mind that 
he is probably about as intelligent as you are, 
and at least worthy of common respect as a fellow 

human being (and customer, don't forget that), 
even if his educational background seems less 
extensive than yours. Naturally you should not 
be effusive, or volunteer a lot of information to 
make conversation. But don't be contemptuous 
or impatient, or try to brush him off with meaning-
less answers. Instead, put yourself in his place, 
and act as you'd expect a doctor or attorney 
calling at your home to do. 

Fig. 22-11 
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PROBLEMS IN PICTURE TRANSMISSION 

23-1. For someone starting to learn the funda-
mental principles of television, the question of 
how a picture can be transmitted by an electrical 
system is possibly the most important problem in 
the TV system. The idea of transmitting sound 
electrically doesn't seem so difficult. We're not 
considering now the radio broadcasting system for 
transmitting the sound or the picture, since the 
essential requirements are similar for radio trans-
mission of either a sound signal or a picture 
signal. What is very different, though, is the 
method of translating a picture, such as the one 
shown in Figure 23-1, into a corresponding elec-
trical signal and then converting it back into a 
picture again. 

If we take a little time to consider the nature 
of sound, and also analyze what makes a picture, 
we can see that the main reason for the relative 
simplicity of an audio system is the fact that the 
thing we call sound has only one specific value 
at any one time. However, a visual scene rep-
resents light from many different parts of the 
picture, all of which can have different light 
values simultaneously. This complicates the job 
of converting the picture into an electrical signal, 
and is the reason why the practices in television 
broadcasting must be standardized to a greater 
extent than is necessary in a sound system. 

The Nature of Sound. — As an example of a 
sound program, Fig. 23-1 shows a stage scene, 
withMarguerite Piazzaand Robert Merrill singing. 
Close by is a microphone to pick up their voices 
and convert them into an electrical audio signal. 
The vocal cords of the singers produce waves of 
varying air pressure, which are the sound waves 
reaching our ears. When these waves strike the 
microphone, mechanical vibrations are produced, 
causing equivalent electrical variations in the 
circuit to which the microphone is connected. 

To illustrate how sound waves cause corre-
sponding electrical variations, consider the graph 
of air pressure for a single-frequency, or " pure" 
tone, as shown in Fig. 23-2. Such a tone, of a 

single frequency, might be made by a tuning fork. 
Fig. 23-2 (a) represents the variations of air 
pressure, above and below atmospheric presstre, 
at some point near the sound source — such as 
at the diaphragm of a microphone. As the pressure 
on the microphone increases and decreases, a 
voltage is generated in the microphone. Its graph 
is shown in Fig. 23-2 (b). It is apparent that the 
voltage graph is an exact replica of the alternating 
component of the pressure wave. 

If the sound source is a human voice, or a 
musical instrument, the pressure graph will con-
tain many frequencies instead of just one. It will, 
in other words, be non-sinusoidal. But no matter 
how complex its waveform, the air pressure at 
che microphone can have only one value at one 
instant. Hence, the variations in air pressure — 
which constitute the sound wave — can be dupli-
cated by corresponding variations in an electrical 
voltage. This is true even if the sound source 
consists of many voices. At any one instant, the 
air pressure at the microphone is the algebraic 
sum of the pressures caused by all the sound 
sources — and this sum can have only one value 
at any one instant. 

The sound variations can have only one pressure 
value instantaneously because they are produced 
in successive order, with the changes in pressure 
following one another in time. It need not take 
very long to produce a sequence of sound vari-
ations, such as your saying " O.K.", but the fact 
remains that any change in the sound signal must 
come after some previous value. After all, nobody 
can say two words at the same time — not even 
the smoothest talker. As a result, it is relatively 
easy to translate sound waves into an audio 
signal, compared to the problems of converting 
all the elements of a visual scene into an elec-
trical signal that corresponds to the picture. 

Elements of a Picture. — Analyzing a visual 
scene, suppose that the scene shown in Fig. 23-1. 
is being televised. The TV camera picking up 
the picture part of the program must be an elec-
trical eye able to "see" the same thing that you 
would see if you were watching the show. 

Your eyes can seethe scene as it actually is — 
a composition of light and dark areas arranged in 
a definite order in space with respect to each 
other. These individual parts of the picture can 
have different light values, representing various 
light intensities, all at the same time. Referring 
back to Fig. 23-1, you can see that some parts of 
the picture are white and others are black, in 
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Fig. 23-1 

addition to the many intermediate shades of gray. 
Now consider the smallest piece, or detail, of 
the picture which your eye can distinguish as 
a separate unit. Let's call this small piece a 
picture element. It follows from our definition that 
any picture element is so small that its light 
value does not vary within its own limits. (Note 
that a large area of unifcrm light intensity is not 
a picture element, be a large group of similar 
picture elements.) The light values of two ad-
jacent picture elements, however, may be different. 
The light value of each picture element is one 
small piece of picture information. If we know the 
light intensity values of all the picture elements, 
and can arrange them in just the right order with 
respect to each other, we can reproduce the 
entire picture. 

When we view a scene, seeing all the picture 
elements and recognizing their different light 
values is no problem because the human eye is 
capable of doing this. What our eye sees is the 

(a) 

logy 

(b) 

Fig. 23-2 

light reflected by the objects in a scene, not the 
objects themselves. The sensation we know as 
sight is caused by this reflected light. The lens 
of the eye focuses the light rays to form an op-
tical image of the scene on the inner surface of 
the eye, which is called the retina. This means 
that light from any small part, or picture element, 
of the scene, falls on only one corresponding 
small part of the retira. T retina is equipped 
with no less than 18,000,000 separate light-
sensitive organs, known as rods and cones. Each 
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reacts only to the light from one particular part 
of the picture. In effect, the eye has an individual 
receiver for each tiny detail of the picture. The 
brain fuses the sensations from all the rods and 
cones into an integrated sensation that we 
recognize as the picture. 

However, an electrical viewing devicé like 
TV camera, which converts the picture into a 
corresponding electrical signal for transmission 
to the receiver, cannot operate in quite the same 
way as your eyes. The main difficulty is that 
the picture elements usually have different values 
of light intensity all at the same time. The elec-
trical circuit conveying the picture, however, can 
handle only one item of picture information at any 
one time. This follows from the fact that the 
current or voltage wave caresponding to the 
picture information can have only one value at 
any instant. 

What this all boils down to, then, is the fact 
that the picture must be divided into its individual 
picture elements for conversion to an electrical 
signal, so that the circuits can handle the picture 
information in a definite order without confusing 
the information in different parts of the picture. 
It naturally follows that when the picture is re-
produced at the receiver by reassembling the 
elements, there is the associated problem of 
putting the parts together in their correct positions. 
Otherwise, the reproduced picture will appear to 
be torn apart, with the elements put back in the 
wrong place —if, indeed, it is recognizable at all. 
Of course, this problem of properly arranging the 
picture elements is in addition to the fundamental 
requirement of reproducing each picture element 
with the same light value as in the original 
pict ure. 

Don't despair, though. After all, we know that 
this complex job of broadcasting a picture ca.. 
be, and is being done — and very well too. Still, 
it's a good idea to appreciate the fundamental 
problems of televising a scene so that you can 
understand why a definite procedure must be 
followed in any system for transmitting a picture. 

AN ELEMENTARY SYSTEM OF PICTURE 

TRANSMISSION 

23-2. Now that we know what a picture con-

sists of, we can examinesome simple alternative 
methods by which the picturecan be "transmitted" 

from one place to another. Of course, we must 
rule out the simple expedient of transporting the 

picture bodily. That would be easy if the picture 
were a photograph or a painting, but impracticable 
if it were a football stadium full of people. 

As an example of a possible arrangement for 
transmitting a picture, Fig. 23-3 illustrates a very 
simple television system. 

For simplicity, let us assume that the picture 
is stationary. We'll deal later with the problem 

of showing motion in the scene. In order to re-
produce the distribution of light values in this 
stationary picture, the image at the transmitter 
is divided into a large number of elementary 
squares, called the picture elements. Some of 
these are white, some are black, and others are 
gray . Each represents an individual detail of the 
visual information in the picture that has to be 
transmitted. The receiving surface, on which the 
picture is to be reproduced, is divided into 
corresponding squares, each of which can be 
filled in when the values of light intensity are 
known for the different elements. 

Sending the Picture. — We can have the man 
at the transmitter send to the receiver the in-
formation in each square of the picture, starting 
at the top left corner of the image. For the first 
square here, the transmitter must let the receiver 
know that this picture element is white. Just how 
this fact is transmitted to the receiver is not the 
point right now — it might be by telephone, radio 
broadcasting — a- smoke signals, for that matter. 
As the man at the transmitting end points to each 
square in consecutive order from left to right 
across the top horizontal line, he tells the re-
ceiver the light value for each of the elements. 
For the picture in Fig. 23-3, all these squares in 
the top line are white, corresponding to the white' 
sky of the picture. Going to the next lower line, 
the same procedure isfollowed, and this continues 
downward in a progressive order, line by line, to 
include the entire image. 

Many of these lines will contain squares 
having other values of light intensity. When we 
come to the part of the picture showing the 
shadowed parts of the chimney, the elements are 
black; for the building in the background, the 
elements are light gray. All these details of the 
picture information will be transmitted sooner or 
later, though, because the man at the transmitter 
will point out each detail as he covers the entire 
image in a prearranged order. 
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Fig. 23-3 

Note that the man at the transmitting end can 
give the receiver only one light value for each 
picture element. Some of the squares at the trans-

mitting end may be part black and part white. In 
such cases, the transmitter must convey the 
average light intensity of each square. Remember 
that we defined a picture element as being small 
enough that the light intensity is uniform over 
its entire area. Thus we cannot transmit any 
detail smaller than the size we have chosen as a 
picture element. That is why such details as the 
ladder on the water tank are lost in the trans-
mission process, and the entire received picture 
is only a crude reproduction of the original scene. 

Scanning. — The procedure of picking out the 
information in all the elements of the picture in 
this definite, consecutive order is called scanning. 
It is much like what you do in reading a printed 
page, starting at the top left, scanning across the 
line, and covering the entire page line by line to 
the bottom. 

Reproducing the Picture. — As the transmitter 
sends to the receiver the required information on 
the shading for each square, these are filled in 
at the receiver. In this system, the normal con-
dition is white for the surface on which the 
picture is reproduced at the receiver. A white 
square can be left as is, therefore, to show the 
white information. Making black squares shows 

the black elements of the picture. Some squares 
are shaded to show gray details, or to represent 
the average brightness of a square that is not of 
uniform brightness. Since this is done for all the 
elements in the picture, following the same 
scanning pattern used at the transmitter, the 
entire image can be painted on the receiving 
surface to reproduce the transmitted picture. 

Detail in the Picture. — By looking at Fig. 23-3, 
you can plainly see that there are disadvantages 
to this simple system that make the quality of 
the reproduced picture very much worse than what 
we actually see in today's television receivers. 
The main reason for this is the fact there cannot 
be a great number of squares to provide small 
details of picture information, since the pointer 
at the original picture and the brush filling in 
the reproduction are relatively large. Naturally, 
the brush cannot paint a detail that is smaller 
than its own area. 

Because the individual picture elements are 
comparatively large, the squares corresponding 
to the picture details in our elementary system 
can only give a rough approximation of the dis-
tribution of light and shade in the image. Comparing 
this to the printed reproduction in Fig. 23-4 on the 
next page, which has approximately the same 
quality as a photograph in a newspaper, the 
difference is obvious. 
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Fig. 23-4 

If you examine this picture closely you can 
see the rows of small dots, representing the fine 
detail in the scene. Viewing the photograph from 
a foot or two back, the picture seems to shade 
continuously from light to dark because the in-
dividual elements are so small. A picture like 
this has about 30,000 picture elements, compared 
to 1,728 details in the rough reproduction illustrated 

in Figure 23-3. 

The Factor of Time. — Another disadvantage 
of our elementary TV system is that it takes a 
long time for the job of analyzing the picture into 
its basic elements, and also for the piece-by-
piece reassembly of the reproduction. 

In a practical system, all the picture elements 
must be scanned quickly. It there is motion in 
the scene, any one area of the picture may change 
its value of light intensity. Suppose that smoke 
starts pouring from one of the chimneys in Fig. 23-3. 
Some of the picture elements that were white in 
the sky will become black. As the smoke moves 
across the scene, some other white elements 
become black, and then change back to white as 
the smoke cloud passes. The entire picture must 
be scanned within a fraction of a second, there-
fore, to show the visual information in the scene 
before it changes to any appreciable extent. 

In addition, the image must be scanned rapidly 
in order to minimize the problem of flicker in the 
picture. We'll discuss this at greater length a 

little later. 

Parallel Transmission. — One way to overcome 
the problems associated with the need for scanning 
the picture rapidly would be an arrangement where 

allthe individual picture elements are transmitted 
at the same time. This can be called a parallel 
transmission system, since all the picture in-
formation is transmitted to the receiver at the 
same time in a parallel order, instead of the 
"single file", one-at-a-time method, in which the 
elements are scanned in consecutive order. 

The disadvantages of a parallel transmission 
system for the television picture will be apparent 
if you remember that there would have to be as 
many individual circuits as there are picture 

elements. This would certainly be impractical 
for radio transmission of a picture with as many 
as 125,000 picture elements. ( This is approx-
imately the number of details in our present tele-
vision picture.) The parallel method of trans-
mission is not used in the commercial television 
broadcasting system, therefore, since this is a 
case where the proposed cure would be worse 
than the original trouble. 

ESSEN TIA LS OF PICTURE TRANSMISSION 

23-3. The big problem is still that of trans-
mitting enough picture elements consecutively, 
and doing it fast enough. About the only physical 
phenomena capable of acting with the required 

speed are electrical. So we can see that a practical 
television system will have to be an electrical 

system. Let us now consider what the electrical 
requirements of such a system would be. 

Photoelectricity. — The first need in any tele-
system must be some means of converting light 
into electricity, in order to translate the optical 
image into an electrical signal for transmission 
to the receiver. This conversion is possible 
because light can cause electrons to be emitted 
from the surface of some materials. Such elec-
trons, liberated by the action of light, are pho-
toelectrons, and the action by which they are 
released is called photoemiss ion. (Photoelectrons 
are no different in their nature or properties from 
the electrons you have been studying right along. 
The name merely indicates that they have been 
freed from some substance by the influence of 
light.) 

Three substances commonly used to supply 
photoelectrons are lithium, potassium and cesium. 
Cesium is the one most commonly used in the 
television system. It is the most active for light 
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produced by ordinary incandescent lamps, and 
its response to different colors approximates the 
human eye's response, making it possible to 
portray the image in black and white with nearly 
its true tonal values. 

Some additional characteristics of the photo-
emission process are important. The emission of 
photoelectrons from the illuminated surface is 
practically instantaneous, which eliminates the 
time factor as a possible source of trouble in the 
photoelectric conversion process. One disadvan-
tage, however, is the fact that photoelectric 
materials generally have low sensitivity, which 
means that not much electricity is produced by 
the incident illumination. Typical values of 
photoelectric current are only in the order of 
several microamperes for high light levels. Finally, 
and what is the most important and fortunate 
feature of the conversion process, the number of 

photoe le ctrons produced by the incident light can be 
made proportional to the light intensity. 

In order to collect the emitted electrons to 
provide a photoelectric current, a phototube such 
as the one in Figure 23-5 can be used. 

Fig. 23-5 

This consists of a large photosensitive surface 
that functions asa photocathode to emit electrons, 
an anode to collect these photoelectrons, and the 
glass envelope enclosing the two electrodes in a 
vacuum. (Gasphototubes have greater sensitivity, 
but their current is not directly proportional to 
the light intensity.) Referring to Figure 23-5, the 
photocathode is the large curved surface, while 
the anode is the thin rod down the center, allowing 
the cathode to intercept as much of the incident 

light as possible. Notice the corresponding symbol 
for a phototube, inFigure 23-6, with a curved line 
for the cathode and the dot for the anode. 

Fig. 23-6 

Whenthe phototube is connected into a circuit, 
as shown in Figure 23-6, the photoelectric current 
produces an output signal that varies with the 
light intensity. As the incident light on the photo-

cathode causes the emission of electrons, they 
are collected by the anode and returned to the 
cathode through the external circuit, producing a 
varying output voltage across the load resistor 
R L. By means of the photoelectric effect, there-
fore, it is possible to produce signal variations 
corresponding to the shades of light intensity in 
the picture. 

There is one other requirement, of course, 
before the output voltage can be considered to 
represent the picture. The phototube current at 

any instant must be caused by the light from just 
one picture element. If the elements along one 
line, or row, are used consecutively, one at a 
time, this requirement is met, and the time vari-
ations of the phototube current (or of the output 
voltage) will correspond to the light variations 
along that line. 

Since the number of photoelectrons is pro-
portional to the light intensity, the white picture 
elements will provide more photoelectrons, and 
therefore more phototube current, than the darker 
elements. Thus the changes in the phototube 

current and output voltage correspond to changes 
in light intensity from one element to the next, 
throughout the range of light values from white 
to black. 

Fluorescence. — When an electric signal 
corresponding to the desired picture information 
is available, there must finally be some means 
for converting the signal variation hack into 
light to reproduce the visual image. In order to 
dothis, the screen of the picture tube reproducing 
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the image is coated with a fluorescent material, 
which is able to emit light when it is bombarded 
by electrons in the electron scanning beam. This 
ability to convert electrical energy into visible 
light is a property of many substances, which are 

usually combined to produce phosphors. These 
phosphors are usually compounds of the light 
metals, such as zinc, cadmium and calcium, with 

a non-metals such as sulphur, siliconand oxygen, 

These compounds may be mixed to produce 
fluorescent light of almost any desired color — 
green, red, blue or white. 

Why We See a Complete Picture.— An important 
part of the success of television depends upon 

a characteristic of the human eye called persis-
tence of vision. When light falls on the retina 
of the eye, the sensation of sight continues tor 
a fraction of a second after the light has been 
extinguished. You probably have noticed this 
effect after looking at a bright source of light. 
It is this " persistence of vision" characteristic 
of the eye that makesit possible to see a complete 

television picture, even though the image is 
reproduced by showing one picture element at a 
time. It the picture elements of the reproduced 
picture are presented in quick enough succession, 
the sensation produced by the first element still 
persists when the last element is presented. 
Hence we have the sensation of seeing all picture 

elements at once. 

The lait element of the picture must be shown 

to the eye before the first one has faded. Just 
how long the sensation of vision persists depends 
on the brightness and additional factors, but a 
time of 1/25 to 1/30 second is long enough to 
ena ble the eye to integrate all the picture elements 
in the image and see them as a whole unit. 

The persistence of vision of the eye is assisted 
bythe fact that each part of the phosphor continues 
to emit light for a fraction of a second after it is 
bombarded momentarily by the electron beam. But 
since the light of each point on the phosphor must 

be extinguished before the beam returns to it, this 

tact alone would not account for our seeming to 
see all picture elements at once. 

Picture Repetition Rate. — The entire tele-
vision picture is completely scanned in 1/30th 
of a second. After all of the picture elements in 
the image have been scanned, the same procedure 

is repeated continuously to provide 30 complete 
picture frames per second. Since all the elements 

in the picture are presented to the eye within the 

short time of 1/30 second, and this time is short 
enoughto take advantage of the eye's persistence 

of vision, the reproduction appears as a complete 
picture, continuous in time as long as the electron 
beam continues to scan the picture area. 

Motion in the Scene. — A repetition rate of 30 
frames per second is rapid enough to show motion 
int he scene. The idea of how motionisreproduced 
inthe picture is illustrated bythe method followed 

in showing commercial motion picture film, 
Fig. 23-7 shows a strip of motion picture film, 
consisting of several picture frames, each one ot 
which is a complete still picture. When this film 
is run through the film projector, the film trames 
are stopped and shown on the screen one at a 
time in rapid succession. 

While the film is moving through the projector, 
nothing shows on the screen because the light 
source is blocked by a shutter in the projector. 

Light is projected onto the screen only when the 
film is still, projecting a rapid succession of 

still pictures that appear to show motion in the 
scene. f he reason for the apparent motion is that 
in each film frame the position of the subject 
differs slightly from the preceding one, as can be 
seen by examining the individual frames in Fig. 
23-7. This appears as a smooth and continuous 
change that shows the motion in the scene, when 
the still frames are projected rapidly enough — 
again because of the persistence of vision of 
the eye. 

Fig. 23-7 

It the individual frames do not follow each 

other quickly anough, the eye notices the brief 
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intervals of darkness between successive frames. 
The picture then seems to flicker. But if more 
pictures per second are shown, and the dark in-
tervals are shorter, the flicker becomes un-

noticeable. 

The frame repetition rate in commercial motion 
picture practice is 24 per second. This is fast 
enough to portray motion, though not entirely 
without flicker. In motion pictures, the flicker 

is overcome by stopping the film long enough for 

each trame to be shown twice. Although only 24 
different pictures are shown each second, the 

effect is the same as though 48 trames were 
shown, and flicker is eliminated. 

In television, the trame repetition rate is 30 
per second. Since this is faster than the motion 

picture rate, it is certainly fast enough to show 
motion in the scene as continuous. But some 

flicker is still noticeable even at this higher 
rate. "This flicker is overcome by the use of inter-
laced scanning, which is described in detail in 
Sec. 23-8 of this Lesson. 

Summary. — We can summarize the essentials 
of an electrical television system as: 

1. A photoemissive material, which converts light 
into electricity. 

2. A fluorescent material, which converts electricity 
back into light. 

3. Some means for scanning the scene rapidly, so that 
the electric current generated by the photoemissive 
material will represent all the elements in the 
picture. 

4. Some means for reassembling the picture elements 
from the electrical signal, so as to cause the 
fluorescent material to give off light at the right 
places and at the right times. 

5. A means by which the electrical signal may be 
sent from the transmitter to the receiver. 

We have already explained the first two essen-
tials. In the next section, we'll explain a simple 
method by which the third essential — scanning 

the scene rapidly — may be accomplished. The 
last two essentials will be explained in con-
nection with the actual operation of the present 

day commercial television system. 

GENERA TING THE VIDEO SIGNAL 

23-4. One of the simplest methods of generating 
the desired picture signal uses a phototube 
arrangement with a rotating disc. The disc is 

illustrated in Fig. 23-8. 

Fig. 23-8 

23-9 

Disc Scanning. — Called the Nipkow disc 
after its inventor, this is a large, flat sheet of 
thin metal with small holes equally spaced along 
a spiral path near the outer edge. The disc is 
mounted on a horizontal shaft so that it can 

rotate at a very high speed in order to scan the 

picture. This method of generating the video 
signal is one of the earliest systems employed 

in the development of television. It's not actually 
used today because of its mechanical limitations. 
Although electronic scanning has replaced the 
Nipkow disc completely, the disc scanning system 
otters a simpler example to illustrate the basic 
idea of how the picture signal can be generated, 
and how it represents or conveys the picture 
information. 

The scene to be televised is tocused by an 
optical lens onto a small area of the disc, in 

such a position that the holes can sweep across 
the image in nearly straight lines as the disc 

rotates. Because of the spiral path ot the holes, 
each one scans across a line of the image below 
the previous horizontal scanning line. 

On the opposite side of the disc is a photo-

tube, which can receive light from the optical 
image passing through only one of the holes at a 
time. [he arrangement from a side view would be 

like Fig. 23-9 on the following page. 

The output current, at any instant, is propor-
tional to the intensity of the incident light. For 
bright parts of the image the output of the photo-

tube has a relatively high amplitude because 

more light from the image can then reach the 
phototube, as compared to the darker parts of 

the picture. As a hole scans across the picture 

elements in one line, therefore, the phototube 
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produces signal output corresponding to this 

visual information. Since the holes scan complete 

lines in progressive order down to the bottom, 

after one complete revolution of the disc the 

complete image is scanned and the phototube's 

output signal corresponds to the entire picture. 

object 

imago 

Fig. 23-9 

photo tubs 

The Photoelectric Current and Picture In-

formation. — The way that the electrical output 

of the phototube varies in value with the changes 

of light intensity along one horizontal line of the 

image is illustrated here: 

8 in — 

 1 hoe of image 

photoelectric 

current 

lime limcrosecoheel 
7 I ' 

20 30 40 50 

Fig. 23-10 

At the top of the figure is shown the picture 

information for one line of the image, while 

directly below are the corresponding electrical 

signal variations. For white parts of the image, 

the photoelectric current is maximum; there is no 

output tor black elements, representing zero 

light intensity. Gray areas of the picture produce 
intermediate amounts of current, according to the 

light intensity. .1be important point in the illus-
tration is the fact that changes of current in the 

electrical signal are equivalent to proportional 
light intensity variations in the picture. This 

signal is called the video signal, from the Latin 

word video, meaning "1 see." 

Notice also that the element of time in the 

electrical signal corresponds to distance in the 

image. The " black" value of thesignal, occurring 

5 microseconds after the start, belongs to the 

part of the picture 0.8 inches from the left edge. 

It this signal variation should be displaced in 

time to occur later, it would reproduce the picture 

information in the wrong place. This equivalence 

of time in the electrical signal to distance in the 

image is due to the fact that the elements of the 

picture are scanned in a sequential order, which 

means that different parts of the picture are con-
verted to an electrical signal at different times. 

The current variations in Fig. 23-10 also illus-

trate why tne video signal frequencies corre-

sponding to the picture information are much 

higher than audio frequencies. In practice, the 

video signal includes variations in amplitude 

that correspond to frequencies up to 4 mc. The 

time axis in Fig. 23-10, which is marked off in 
microseconds, indicates the reason for such high 

signal frequencies. Since the time for scanning 

one horizontalline of the picture is in the order of 

microseconds, the electrical current or voltage 

variations corresponding to the picture elements 

of one line occur within a very short time. In small 

details of picture information, the signal ampli-

tude may change within a traction of a micro-

second, producing signal currents containing 

frequencies of several megacycles per second. 

This point will be discussed further in Lesson 24. 

Limitations of Disc Scanning. — It is fairly 

obvious that the Nipkow disc is a cumbersome 
thing at best. The image can be broken up into 

no more scanning lines than the number of holes 

in the disc. And the holes can be no closer to-

gether than the width of the focused optical 

image. In order to have enough holes to give the 

same amount of picture detail provided by present 
television standards, and using a focused image 

only two inches wide, would require a disc 28 

feet in diameter! ails is obviously impractical. 

A disc of reasonable size would give only a 

rough reproduction of the original scene, similar 

to that shown in Fig. 23-3. Add to this the mech-
anical difficulties of suppressing vibration of 

even a 3-toot disc whirling at around 1800 rpm, 

and it is clear that disc scanning just isn't good 

enough. There are other limitations, too, in such 

a system. For one thing, the greater part of the 

light focused on the disc is wasted. The only 

part of it that produces a video signal is the 

light shining on the hole. 

F or all these reasons, the mechanical scanning 

disc has been replaced completely by camera 

tubes, which combine in one electronic device 

the functions of the scanning disc and the photo-

tube of the Nipkow system. 

The two most commonly used camera tube 

types are the iconoscope and the image orthicon. 
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The latter is today the more commonly used of the 
two. Both will be explained in some detail in 

Sec. 23-6. 

HOW THE TELEVISION SYSTEM OPERATES 

23-5. We have now considered three of the 
five essentials of a practical electrical television 
system. We can now try to put these essential 
elements together, and see how they tit into the 
overall pattern of today's television system. We'll 
start by considering a simplitied block diagram 
of the system, thus: 

oscillator 
a ampli-

fier 
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tube 
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The Video Signal. — The first step in the tele-
vision chain of operations is producing the elec-
trical signal that corresponds to the desired 
picture information . As we've already mentioned, 
this is done by a camera tube. As illustrated in 

Fig. 23-14, the picture to be televised is focused 
by means of the required optical lenses onto the 
image plate, which is an internal part of the 
camera tube. Because the image plate is photo-
sensitive, it emits photoelectrons proportionally 
to the light intensity of the different picture 
elements, allowing the picture information to be 
converted into electrical variations. The sync and 
deflection circuits shown in the block diagram 

Fig. 23-11 

This diagram does not indicate the sound part 
of the system, since we are presently concerned 
only with transmitting the pictu,re. We know that 
sound transmission by radio is a much simpler 
process. 

Similarity to Radio. — Notice that radio trans-

mission of a picture signal is very similar to the 
way a sound signal is transmitted in conventional 
radio Ixoadcasting. A high frequency carrier wave 
is amplitude-modulated with the signal that corre-
sponds to the desired information, and the modu-
lated carrier wave is radiated fromthe transmitting 

antenna to the receiver. This process was dis-
cussed in Lesson 21. 

The similarity is also evident in the super-
heterodyne receiver. The modulated r-f signal 
intercepted by the receiving antenna is . coupled 
to the converter stage, where it beats with the 
local oscillator output to produce the intermediate 
frequency signal for the i-f amplifiers . After i-f 
amplification, the signal is applied to the de-
tector, which recovers the modulation information 
of the carrier wave. The detector's output signal 

is then amplified and coupled to the picture tube 
to reproduce the image. 

provide for the scanning of the image plate by the 
electron beam in the ' camera tube, so that the 
entire image can be converted into a corresponding 
electrical signal. Details of how this is accom-
plished will be discussed presently. 

The electrical signal output of the camera 
tube is the camera signal — what we have so far 
called the video signal. After the required syn-
chronizing and blanking pulses are added, this 
becomes the composite video signal, and includes 
all the information needed to reproduce the 
.picture. 

The composite video signal is the modulating 
voltage used to vary the amplitude of the carrier 
wave that transmits the picture information to the 
receiver. This is done in the conventional manner, 
amplifying the video signal up to the required 
power level and coupling the amplified video 
voltage to the modulated r-f amplifier to modulate 
the r-f carrier wave. The modulated output is the 
desired picture signal, which is then fed to the 
antenna so that it can be propagated to the re-
receiver. This AM picture signal is transmitted 
by the broadcast station in its assigned TV 
channel. 
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Reproducing the Picture. At the receiver, 
the modulated picture signal is rectified in the 
detector to recover the "modulation envelope," 
which is the composite video signal. After am-
plification, the video signal is coupled to the 
contról grid of the picture tube, so that the 
varying grid voltage can vary the intensity of 
the electron beam striking the screen. Making 
the kinescope control grid voltage less negative 
increases both the beam intensity and the amount 
of light emitted from the fluorescent screen; 
making the grid more negative decreases the in-
tensity. Since the electron beam is made to scan 
the screen in a sequential order that follows the 
scanning pattern, and the timing is synchronized 
with the transmitter, all the elements of the 
picture are " painted " on the screen to reproduce 
the entire image. 

The Scanning Pattern. — In order to produce 
an electrical signal for all the picture elements 
of the image, the picture must be scanned. In the 
electronic television system, the scanning is done 
by a beam of electrons. The beam moves rapidly 
over the image surface, in such a manner that it 
covers every picture element, in a definite order. 
The path traced by the beam is illustrated 
here: 

ELECTRON 

BEAM - "--"" 

EL ECT RON 
GUN 

Fig. 23-12 

INPUT TO VERTICAL 
DEFLECTING COILS 

INPUT TO HORIZONTAL 
DEFLECTING COILS 

The line at the top is produced by the scanning 
beam as it moves across from left to right. This 
is the horizontal trace, during which all the 
picture elements of one line are scanned in a 
sequential order. After the end of the trace, at 
the right side, the beam must be brought quickly 
back to the left. This return is the horizontal 
retrace or flyback. One complete horizontal line 
includes both the trace and the retrace. 

When the next line below is scanned it does 
not overlap the previous one because the beam 

is made to move down slowly at the same time 
that it is scanning horizontally. Since the vertical 
scarining motion is very slow compared to the 
horizontal scanning, complete horizontal lines 
are produced during a very small part of the 
complete vertical scan. As a result, the two 
simultaneous scanning motions make the beam 
scan the image in a succession of horizontal 
lines that are progressively lower and lower, 
until the bottom of the picture is reached. At this 
time, the beam then reverses its vertical motion 
and travels rapidly to the top, providing the 
vertical retrace a- flyback. After the beam is 
brought back to the spot from which it started 
at the top, the entire scanning procedure is re-
peated continuously. This same scanning pattern 
is followed at both the transmitter and receiver. 
The standard scanning pattern will be discussed 
in greater detail in Sec. 23-8. 

Deflection. — The electron beam, which does 
the scanning in our present electron television 
system, is made to sweep across the scanned 
surface in the standard scanning pattern by 
deflection coils as illustrated in Fig. 23-12. Phys-
ically, the coils are in one unit called the de- • 
flection yoke, which is mounted externally around 
the neck of the kinescope. 

There are two pairs of deflection coils, one 
pair for the horizontal scanning motion, and one 
fa- the vertical motion. Each pair of coils exerts 
a force on the beam electrons, in accordance with 
the "motor principle" previously discussed in 
Lesson 17. You will recall that when current flows 
in the coils, a magnetic field is set up perpendi-
cular to the beam. This field deflects the beam 
electrons in a direction perpendicular to both the 
beam and the field, and by an amount proportional 
to the instantaneous current in the coils. If the 
current is made to increase rapidly, the amount 
by which the electrons are deflected also in-
creases, causing the beam to move or sweep 
across the picture area. 

Separate deflection circuits are required for 
the horizontal and vertical sweep motions. Fur-
thermore, the transmitter and receiver must each 
have their own deflection circuits. The scanning 
circuits at the transmitter scan the image so that 
it can be converted to electrical signal variations 
corresponding to the visual information in the 
picture elements; the sweep circuits at the re-
ceiver make the electron beam scan the fluorescent 
screen of the picture tube in the same way as at 
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the transmitter, in order to reassemble the elements 
in their correct order and reproduce the picture. 

Synchronization. — To keep the scanning at 
the receiver in step with the action at the trans-
mitter, it is necessary to send along with the 
picture signal special synchronizing signals, 
usually called sync. These are rectangular pulses, 
of very short duration, that are added to the 
picture signal at the transmitter. There is an 
individual horizontal synchronizing pulse for 
each scanning line, and vertical synchronizing 
pulses are included for every vertical scan. The 
shape of the synchronizing signals is illustrated 
here for several horizontal sync pulses: 

r-«-  one 
horizontal 
line period 

Fig. 23-13 

The sync pulses trigger the deflection circuits 
that produce the scanning signals, holding them 
at the frequency required to time the vertical and 
horizontal scanning motions, and keep them in 
step at the transmitter and receiver. It is im-
portant to realize that the deflection circuits 
include an oscillator stage, which produces the 
scanning signal needed to produce the scanning 
lines,whether synchronising signalsare present or 
not. The sync does not produce the scanning — it 
onlytimes the scanning correctly. Still, synchron-
ization is very important. The picture cannot be 
reproduced properly, even with scanning, unless 
the picture information for any instant of time is 
reproduced in exactly the right place. 

Although some time must elapse before the 
transmitted sync reaches the receiver, this does 
not affect the synchronization. Since this delay 
is constant, the individual parts of the image can 
still be synchronized with respect to each other, 
to hold the picture together. 

Blanking. — In addition to the sync, the radi-
ated picture signal includes blanking signals, 
which are inserted in order to obliterate the re-
traces that are part of the scanning pattern. There 
are horizontal and vertical blanking pulses to 
blank out the retraces. 

No picture information is scanned during the 
blanking periods. This is the time allowed for 
completing the flyback necessary to put the beam 
in the position where it should be for starting 
the next trace. When the beam has completed a 
horizontal trace and is at the right side of the 
picture area, the horizontal blanking signal then 
extinguishes the beam in preparation for the re-
trace. The blanking pulse does this by setting 
the magnitude of,the picture signal at the level 
that corresponds to black. The same action takes 
place for the vertical scanning, as the vertical 
blanking pulse extinguishes the scanning beam 
during the vertical flyback time. 

CAMERA TUBES 

23-6. We are now ready to discuss in greater 
detail how practical camera tubes operate. To 
understand this discussion, you should be pretty 
clear on such matters as the influence of electric 
and magnetic fields on moving electrons, as 
discussed in Lessons 16, 17 and 19. If you are at all 
hazy about these matters, it might be well to review 
the pertinent sections of these Lessons. 

The iconoscope. — The iconoscope was one of 
the first practical electronic scanning devices. It 
was developed in 1925 by Dr. V. K. Zworykin. 
Although it has in the past few years been sub-
stantially replaced by the image orthicon, the 
iconoscope is still an important piece of tele-
vision equipment, and an understanding of its 
operation will help you in understanding the basic 
principles of camera signal generation. 

The four essential parts of the iconoscope 
are: ( 1) a photosensitive surface called the image 
plate, on which the optical image is focused; 
(2) the electron gun in the narrow neck of the 
tube, which produces a beam of electrons aimed 
at the image plate to scan the picture; (3) an 
evacuated glass envelope in which the above 
parts are mounted; (4) deflection coils to sweep 
the beam over the image plate and scan the 
picture elements in the standard scanning pattern. 
The deflection coils are mounted externally 
around the tube. See Fig. 23-14 on the next page. 

When a scene is televised using the icono-
scope, light from the scene is focused through the 
glass window of the tube onto the image plate. 
This plate is a thin sheet of mica, approximately 
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31/2 x 43/4 inches, and about 0.001 in. thick. On 
the side facing the light source the mica is 
covered with a thin layer of photosensitive cesium 
globules. This is called the mosaic, because of 
the globular structure, and is the photosensitive 
surface that can convert the light image intoelec-
tricity. 

The back side of the mica sheet is a flat con-
ducting surface of graphite connected to one of 
the signal terminals on the tube envelope. The 
other signal terminal connects to the collector 
ring part of the internal wall coating. This metal-
lized coating is the anode of the electron gun 
that provides the beam of electrons aimed at the 
image plate. These are shown in Fig. 23-14 and 23-15. 

The cross-sectional view of the image plate 
in Fig. 23-15 shows its three comments: the mosaic 
surface, mica insulating sheet, and the conducting 
signal plate at the back. With the collector ring 
close to the image plate, electrons emitted by the 
mosaic can be collected to provide a path for 
the signal current produced as the electron beam 
scans the image. 

Fig. 23.14 
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Fig. 23-15 

The Charge Image. — Consider what happens 
when the mosaic is illuminated by the optical 
image. Since each globule is photoemissivé, it 
emits electrons in proportion to the amount of 
light falling on it. In effect, each globule repre-
sents a photoelectric source that is part of a 
small condenser, with the mica as the dielectric, 
a mosaic element as one condenser plate, and 
the back signal plate as the other side of the con-
denser. When the mosaic loses electrons they can 
be picked up by the collector ring, charging each 
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globule to a potential that depends upon the 
amount of light on the element. 

Considering the entire mosaic, each of the 
globules emits electrons according to the light 
intensity of different parts of the image. As a 
result, the image plate provides a distribution of 
electric charge, called the charge image, that 
corresponds to the optical image. These variations 
in charge throughout the mosaic can be main-
tained because the individual globules are sep-
arated by the mica insulation. 

The effect of the scanning beam striking the 
mosaic is to allow each small condenser to dis-
charge through the capacitive signal circuit. 
Since the elements of the mosaic are charged to 
different potentials, in accordance with the light 
values of the image, different amounts of signal 
current are produced from each globule, propor-
tional to the potential of the element. As the 
electron beam scans the image plate, therefore, 
the variations in voltage produced across the load 

resistor, ItL, by the changing current provide 
the desired video signal output that represents 
the picture information. 

The Storage Principle. — The iconoscope was 
the first practical camera tube to utilize the 
storage principle, making more efficient use of 
the available illumination by allowing the energy 
of the light on the mosaic to accumulate in the 
form of electric charge while the beam is scanning 
the image. Although output is obtained for any 
one picture element only when it is covered by 
the electron scanning beam, the incident light is 
storing charge on the mosaic at all other times. 
With the globules of the mosaic charging to a 
progressively higher potential, more output is 
obtained from any one element when the spot is 
scanned. This is much more efficient than an 
instantaneous system, such as the mechanical 
scanning disc arrangement, where output can be 
obtained only from the amount of light on a 
picture element at the instant it is scanned. 

The light storage principle is important be-
cause it increases the light sensitivity of the 
camera tube, so that enough output for a good 
signal-to-noise ratio can be obtained without 
requiring excessive illumination. The iconoscope 
is about 10,000 times as efficient as the instan-
tançous disk scanning system. However, the more 
recently developed image orthicon camera tube, 
which also utilizes the principle of light storage, 
has even greater sensitivity, so that less illum-

ination is needed to prod uce a satisfactory pic tree . 
It is also less troublesome with regard to spurious 
background shading effects in the picture. With 
these two advantages, the image orthicon is now 
the most popular camera tube, being used ex-
tensively in studio cameras and forremote program 
pickups. Before the development of the image 
orthicon, the iconoscope was widely used in the 
studio cameras for "live" talent and film programs, 
but at present the iconoscope is used primarily in 
the film cameras because the required intense 
illumination of the image can be easily obtained 
in the film projector. 

Fig. 23-16 

The Image Orthicon. —Since its development, the 
image orthicon cariera tube has been a very important 
factor in the recent advances made in television broad-
casting, as its increased light efficiency makes possi-
ble the televising of programs at a relatively low light 
level. The photo in Fig. 23-16 shows what the tube 
looks like, while Fig. 23-17 shows a complete image 
orthicon canera, which includes the canna tube with 
the amplifiers and control circuits necessary for its 
operation. 

The Image Orthicon's sensitivity is so great 
that any scene visible to the eye can be televised, 
producing a satisfactory signal having a negli-
gible noise level. By the end of 1948 theimage 
orthicon canera had completely replaced the 
iconoscope for remote pickups outside the studio, 
such as ball games, conventions and other news 
events, where the lighting cannot be controlled. 
The image orthicon is also used extensively for 
studio work because its great sensitivity reduces 
the illumination requirements. 
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Fig. 23-17 

Structure. —As illustrated in Fig. 23-18, the 
image orthicon consist of three main parts: an 
image section, the scanning section, and the 
electron multiplier section, all within the evacu-
ated glass envelope. Although not shown in the 
drawing, external coils are required for focusing 
and deflecting of the electron beam. 
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Light from the scene to be televised is focused 
on the semi-transparent photocathode surface, 
which is on the glass window facing the light 
source. Here the light image is converted to a 
corresponding electron image as photoelectrons 
are emitted from the photocathode. These elec-
trons are made to move in substantially straight 
lines to the target plate where a second charge 
image is produced, corresponding to the picture 
imfonation in the optical image. 

The target consists of an exceedingly thin 
glass plate, next to a very fine mesh screen. 
More than 60% of the screen area is open, with 
500 to 1000 meshes per linear inch, so that the 
photoelectrons can easily pass through. 

The target, which is the image plate, is scanned 
by the electron scanning beam produced in the 
electron gun section. In the operation of this 
tube, however, the electrons in the scanning 
beam arrive at the target with very low velocity, 
and are then reflected back toward the cathode, 
where they can enter the electron multiplier 
section. The beam of electrons returning from the 
image plate varies in density according to the 
variations of potential on the target. The return 
beam then enters the electron multiplier section 
of the tube, which has the function of amplifying 
the beam current variations. As the amplified 
beam current flows through the load resistor 
connected to the multiplier section, the desired 
camera signal output is obtained. 

The Image Section. — The photocathode on 
the inside of the tube's face-plate is made of 
such thin metalthat light passes through it readily, 
producing emission of photoelectrons from the 
back surface. Lightfromthe scene beingtelevised 
strikesthe photocathcde and electrons are emitted 
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from each illuminated area in proportion to the 
light intensity at each point. As a result, an 
electron image is produced in the space next to 
the cathode, corresponding to the shades of light 
intensity in the optical image. The photoelectrons 
are then made to move to the target plate, under 
the influence of a strong electric field. This field 
is established by keeping the target at a potential 
600 volts more positive than the photocathode. 
The tendency of the electron image to break up 
because of the repelling force between electrons 
is cancelled by the action of an external focus 
coil. Consequently, the electrons forming the 
charge image arrive at the target plate in focus 
and with a comparatively high velocity. 

At the target plate, the incident photoelectrons 
have enough velocity to cause the emission of 
secondary electrons from the target plate. Each 
photoelectron striking the target can produce 
several secondary electrons, leaving a point on 
the target at a positive potentiaL (Note that there 
is a net loss of electrons by the plate, which 
constitutes a positive charge.) Furthermore, the 
number of primary electrons striking the target 
determines the amount of positive charge, because 
this is proportional to the number of secondary 
electrons emitted. The secondary electrons are 
collected by the adjacent mesh screen, which is 
maintained at a potential about 1 volt above the 
average target potential. The emission of the 
secondary electrons leaves on the glass target a 
pattern of positive charges, therefore, providing a 
charge image that corresponds to the picture in-
formation in the light image. The most positive 
points on thetarget correspondtothe most brightly 
lighted portions of the picture. 

The action of building up a charge image on 
the target plate by means of secondary emission 
has the effect of amplifying the electron image 
formed on the photocathode. Since the number of 
secondary electrons is greater than the number of 
primary electrons striking the target, the potential 
produced by secondary emission at any one point 
is greater than that of a corresponding point in 
the electron image on the photocathode. In addition 
to this advantage, the secondary emission effect 
at the target makes it possible to utilize the 
light storage principle, as the charge image builds 
up continuously as long as the secondary elec-
trons are emitted. 

The charge image is present on both the front 
and back surface of the target. This is possible 
because the glass plate is so thin that it presents 
very little resistance to the passage of electrons 
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through it, in the front-to-back direction. This is 
true,ev.en though glass is such a poor conductor 
that we usually think of it as an insulator. You 
remember that the resistance of a conductor is 
proportional to its length, and inversely propor-
tional to its cross-sectional area. Looking at the 
target plate from the front or back, it has a very 
large cross-section. The length of the path for 
the electrons to move from the back to the front, 
which is equal to the thickness of the plate, is 
exceedingly small. As a result, the distribution 
of charges produced onthe image side of the glass 
target plate is essentially the same on the side 
facing the scanning section. 

This charge image can be maintained without 
neutralizing the various potentials representing 
the image, because the glass target is a poor 
conductor in the transverse direction. From a side 
view, the glass plate is long and exceedingly 
thin, which presents a relatively high resistance 
path for electrons in the lateral direction. There-
fore, the scanning side of the glass target plate 
has the desired charge image corresponding to the 
picture information on the optical image, so that 
the target can be scanned to produce the camera 
signal output. 

The Scanning Section. — This contains an 
electron gun, with a heated cathode, control grid 
and accelerating grid, to produce a beam of elec-
trons aimed at the image plate. The metallized 
coating on the inside wall of the glass tube is 
held at a positive potential of several hundred 
volts, attracting the electrons toward the target. 
Beam focus at the target is accomplished by the 
magnetic field of an external focusing coil, while 
two external deflection coils produce the required 
motion of the scanning beam. It should be noted 
that although the coating sets up a strong accel-
eratingfield between the coating and the cathode, 
the field ( but not the potential) inside the cylin-
drical coating is nearly zero. Hence the beam 
electrons travel through this region at nearly 
constant velocity. 

The decelerating ring is maintained at approx-
imately zero potential. Its purpose is to set up a 
retarding field that slowsdownthe beam electrons 
moving toward the target. To understand the 
changes in the velocity of the beam electrons at 
various points in their path, it is necessary to 
recall that the velocity of any electron at any one 
point in an electric field depends only on the 
potential difference between that point and the 
source — the point where the electron velocity 
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was zero. In practical tubes, this means the 
potential above the cathode, from which electrons 
may be assumed to be emitted with zero velocity. 
Thus, inside the metallized coating, the potential 
varies very little. At all points in this region ir 
is high, but not quite as high as the coating itself, 
with respect to the cathode. Hence the electrons 
move through it at a constant high velocity. As 
they pass through the decelerating ring, they 
cross points whose potentials are low, but not 
quite zero. Therefore they are slowed down greatly. 

Now consider the target itself. The parts of 
the target corresponding to the unlighted (dark) 
parts of the picture, are at zero potential with 
respect to the cathode. Therefore beam electrons 
arriving at these points are slowed down to a full 
halt. If a few electrons actually reach the target, 
they charge that point negatively, and cause 
following beam electrons to stop just short of 
the screen. Now what happens? Remember that the 
metallized coating, held at several hundred volts 
positive, accelerated the electrons emitted from 
the cathode, pulling them through the cylindrical 
coating. The field set up by the coating extends 
to the target, too. For electrons emerging from 
the region inside the coating, this field acts as a 
decelerating field. But to electrons at rest near 
the target, it is an accelerating field, propelling 
them in the opposite direction. 

Thus we have formed a return beam of electrons, 
moving from the "dark" parts d the target, back 
through the region surrounded by the metallized 
coating, toward the cathode — or to be more pre-
cise, toward the anode of the electron gun. This 
electrode is also at a high potential, so it sets 
up a strong field that pulls the return beam elec-
trons to it at high velocity. 

Now consider the parts of the target corre-
sponding to the brightly lighted portions of the 
picture. These parts are at a positive potential 
of a fraction of a volt or so. When the scanning 
beam is covering one of these points, therefore, 
enough of the beam electrons reach the target to 
neutralize its positive charge at that point. The 
return beam from this point will therefore contain 
fewer electrons than the return beam from a"dark" 
point on the target. Thus, as the scanning beam 
sweeps across all parts of the target, the return 
beam is modulated by the charge image. The 
number of electrons in the return beam varies 
with time, the variations corresponding to the 
charge variations along consecutive lines of the 
charge image, which correspond to light variations 
along consecutive lines of the optical image. The 

required camera signal is thus obtained. The re-
turn beam, varying in intensity, is a varying cur-
rent. Its electrons strike the anode of the electron 
gun with sufficient force to cause secondary 
emission. This anode is thus used as the first of 
several stages of the electron multiplier, whose 
function is to amplify the beam current variations 
which constitute the camera signal. 

The Electron Multiplier Section. — The oper-
ation of this part of the image orthicon can be 
better understood by reference to the enlarged 
drawing in Fig. 23-19, which shows the details of 
the secondary emission multiplier section sur-
rounding the electron gun. Each vertical group of 
diagonal lines in the figure represents a metal 
disk with cutouts, like a pinwheel. This is called 
a dynode, combining the functions of cathode and 
anode, as secondary electrons are emitted when 
the disc is bombarded by primary electrons, and 
electrons are collected from a previous dynode. 
Electrons are attracted to the dynodes because 
each one is at a d-c potential about 300 volts 
more positive than the preceding dynode, with 
the last multiplier section connected to + 1500 
volts through the output load resistor. 

nrodelohof 

return Oxon 

of Metro's 

\ / \ 
\ / \ 
\ / \ 

,foOfOlor Hog* 

.•/ 17”d 

colbodo ( 0e) 

2.4; 3,0 a Ith 

foollelior mopes 

Fig. 23-19 

oloaron ea—) 

signal output 
oloorfodo 

./.500e 

The path of electrons through the multiplier 
section begins at the first multiplier stage, which 
is a disc in the electron gun section. Suppose that 
one electron in the return beam strikes this first 
dynode with enough velocity to produce five 
secondary electrons. These are attracted to the 
second dynode, where each electron can cause 
the emission of five more electrons. The total 
of 25 electrons will then move to the next dynode, 
and so on. As a result, the number of electrons 
is multiplied by the ratio of secondary electrons 
to primary electrons at each dynode. In our ex-
ample, one electron in the return scanning beam 
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would produce 5 x 5 x 5 x 5 or 625 electrons, 
leaving the fourth multiplier stage. The electrons 
from the previous stages are collected from the 
last dynode by a mesh screen anode, providing 
the current that flows through the load resistor 
to produce the desired camera signal output. This 
signal is an amplified duplicate of the variations 
in intensity of the modulated return beam entering 

the multiplier section. 

In practice, the amount of gain obtained with 
a typical five-stage multiplier is about 500. Since 
this gain does not involve current flow through 
any resistors in the multiplier sections, the am-
plification of the electron current is achieved 
with a very low noise level. 

Disadvantages. — Although the image orthicon 
has the most important feature of being able to 
provide a picture with good detail at very low 
light levels, and over a wide range of illumination, 

it has two minor disadvantages: (1) the maximum 
possible detail of the picture is slightly less than 
with the iconoscope, and (2) the image orthicon 
is not so well suited for operation at very high 
light levels. In order to provide the desired char-
acteristics, two types of image orthicon camera 
tubes are manufactured, one designed for use as 
a general outdoor pickup, and the other for studio 
cameras. 

Like other photoelectric devices employing 
cesium, the image orthicon may show fluctuations 
in performance from time to time. Operation of the 
tube at too low a temperature may cause the 
appearance of a rapidly disappearing " sticking 
picture", of opposite polarity from the original, 
when the picture is moved. A loss of detail in the 
picture may be produced by operation of the tube 
at too high a temperature. The camera tube circuits 
must be accurately adjusted to minimize the beat 
pattern caused by interaction between the scanning 
lines and the lines of the target's mesh screen, 
producing a moire or swirl pattern in large, bright 
areas of the picture. A "dynode spot", which is 
a white spot appearing chiefly in the dark areas 
of the picture, may be caused by a slight blemish 

on a dynode surface. 

CONVERTING THE VIDEO SIGNAL INTO A 

PICTURE 

23-7. The video signal in the receiver is 

coupled to the kinescope grid so that the desired 
picture can be reproduced. The picture tube is 

able to convert the video signal into the desired 
image because it includes: ( 1) a fluorescent 
screen; (2) an electron gun to produce a beam of 
electrons whose intensity can be varied to change 
the amount of light emitted by the fluorescent 
screen; (3) an external focus coil, to focus the 
electron beam on the screen, and (4) external de-
flection coils to deflect the beam in the scanning 
pattern required to cover the entire picture. 

The Electron Gun. — The cross-sectional view 
below illustrates the electron gun of a kinescope: 
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Fig. 23-20 

Electrons are released from the cathode when 
it is heated, and the emitted electrons are accel-
erated away from the cathode toward the screen 
by the high positive potential of the anode. On 
the way, the electrons must pass through a small 
hole or aperture in the grid. As a result, the elec-
trons are formed into a beam as they are propelled 
toward the screen and go through the apertures in 
the cylindrical control grid and accelerating 
electrodes. The beam tends to spread out because 
of the repulsion among the electrons, but this 
effect can be corrected by the magnetic field of 
an external focus coil to make the beam focus as 
a fine point on the screen. 

In addition to its action of forming the electrons 
into a beam, the control grid voltage influences 
the number of electrons that can pass through the 
aperture. As a result, changing the control grid 
voltage varies the intensity of the electron beam. 
The control grid is biased negatively with respect 
to the cathode voltage, but when its potential is 
made less negative, the beam current is increased, 
increasing the intensity of light emitted by fluor-
escent screen. Making the control grid voltage 
more negative decreases the beam intensity and 
the screen illumination. When the control grid 
voltage is sufficiently negative it can cut off the 
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screen illymination completely, which corresponds 
to black in the picture reproduction. The negative 
grid potential required for visual cutoff is about 
50 volts for typical picture tubes, with an anode 
potential cf about 10,000 volts. 

Magnetic Deflection. — A brief explanation of 
the principle of magnetic beam deflection was 
given in Lesson 17. The principle of how the 
electron scanning beam is deflected by the mag-
netic field of the deflection coils is illustrated 
here: 

magnetic 
flux lines 

Fig. 23-21 

The drawing must be visualized in three di-
mensions to see how the beam moves. At the 
center is a dot indicating the electron beam itself, 
the electrons moving out of the paper toward you. 
The movingelectrons.constitute a current and like 
all currents, the beam sets up a magnetic field in 
the space around it. The flux lines of this field are 
concentric circle s around the beam, whose direction 
is shown by the arrowhead. The magnetic field of 
the two horizontal deflection coils, which are 
connected in series with both fields aiding in the 
same direction, is assumed to be downward for 
the direction of current through the coils. 

The important point to remember now is the 
rule for the motor action on a conductor carrying 
current in a magnetic field. When the magnetic 
field of the current in the conductor reacts with 
the external magnetic field of the deflection coils, 
the reaction of the two fields produces a force 
tending to move the conductor in the direction of 
the weaker field. Looking at Fig. 23-21, the di-
rection of the fields is aiding at the right of the 
beam, but opposing toward the left, producing a 

weaker field at the left. In the absence of a solid 
conductor, this force is exerted on the electrons 
themselves, individually and as a group. The 
electron beam, therefore, is deflected toward the 
left. At any instant, the amount by which the beam 
is deflected is approximately proportional to the 
strength of the magnetic field cf the deflection 
coils. 

As the a-c scanning current produces a mag-
netic field that varies in magnitude and direction, 
the magnitude of the force on each electron also 
varies with time. Thus, the beam is caused to 
scan horizontally. Simultaneously, the vertical 
deflection coils provide the required vertical 
scanning motion. The vertical coils are not repre-
sented in Fig. 23-21. They are almost identical 
with the horizontal coils. They are placed, one 
on each side of the beam, to produce a magnetic 
field whose flux lines are horizontal — at right 
angles to the direction of their force on the beam 
electrons. The four deflection coils — two hori-
zontal and two vertical — are contained in the 
single unit called the deflection yoke. The yoke 
is mounted around the kinescope neck as shown 
in Fig. 23-22. The currents in its vertical and hori-
zontal deflection coils are made to vary in such a 
way that their combined effect is to cause the 
beam to sweep across the picture area, one hori-
zontal line after another, covering every part of 
the picture area in the sequence required by the 
standard scanning pattern. 

Magnetic Focusing. — In order to make the 
electron beam produce a fine point on the scanned 
surface, allowing the reproduction of small picture 
details, the beam must be focused to counteract 
the repelling force that the individual electrons 
exert on each other, thus tending to make the 
beam spread out. 

The basic principle of magnetic focusing is 
the same as for magnetic deflection — a magnetic 
field exerts on an electron moving through it, a 
force that is perpendicular both to the field and 
tothe direction ci motion of the electron. Magnetic 
focusing', however, is a little harder to visualize, 
because we must consider separately two com-

ponents of the electron velocity — one component 
parallel to the magnetic field, and one at right 
angles to it. 

The focus coil is placed as though it were 
wound around the neck of the tube. Its magnetic 
flux lines, therefore, are parallel to the axis of 
the tube and to the electron beam, as shown in 
Fig. 23-23. This focusing field may be produced 
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yoke 

by a ring-shaped permanent magnet, or by a coil 
carrying direct current, or by a combination of 
both. The important thing to visualize is a field 
whose flux lines are parallel to the beam, not 

perpendicular to it as in the case of the deflecting 
field. 

focus coil 

focusing field 

A 

Fig. 23-23 

Suppose that an electron in the beam is moving 
along the center line of the tube, parallel to the 
lines of force of the focusing field. Since the 

focus 
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electron path is then exactly parallel to the 
focusing field, the focusing field would exert no 
force on the electron, which could continue to 
move along the beam axis. 

Now consider an electron that is moving at an 
angle to the beam axis, upward, as at point A in 
Fig. 23-23. We can think of it as moving in two 
directions at once — parallel tothe beam axis, and 
at right angles to the beam. Let's call this 
velocity at right angles to the beam the cross 
velocity. The parallel component of its motion 
is unaffected by the magnetic focusing field, 
since the magnetic flux lines are also parallel 
to the beam axis. But the cross velocity — the 
component of motion away from the beam — is 
at right angles to the magnetic field, which there-
fore exerts a force on the electron proportional to 
this cross velocity. If the electron is tending to 
leave the beam axis by a very small angle, the 
force exerted by the magnetic field is small; if 
the angle of deviation is large, so is the magnetic 
force. 
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Now the direction of the magnetic force must, 
we know, be perpendicular both to the magnetic 
field and to vertical cross velocity. This force 
gives the electron a third component of velocity — 
horizontally, to one side of the beam. Its cross 
velocity path is thus a curve. But even as the 
electron curves, its cross velocity is still per-
pendicular to the magnetic focusing field. The 
field therefore continues to force the electron to 
one side of its direction at any instant, causing 
it to travel in a complete circle. 

At the same time that the electron is travelling 
its circular cross velocity path, it is also trav-
elling parallel to the beam axis. The resultant of 
these two motions is a path that is a helix, like 
one turn of a stretched-out coil spring. 

Now an electron that deviated by only a small 
angle from the beam axis at point A will travel 
toward the screen in a helical path of small di-
ameter. And an electron deviating by a wide angle 
at point/4 will describe a helix of larger diameter. 
But both willtake exactly the same length of time 
to complete one full turn of the helix. Therefore, 
if they are both moving toward the screen with 
the same parallel component of velocity (which 
they are, since they are both accelerated by the 
same electric field), then they will arrive at the 
same point' when each completes one turn of its 
helical path. This is true, no matter how widely 
their paths may diverge in between. 

The point at which all possible helical paths 
converge can be made to fall on the screen, by 
proper adjustment of the field strength and lo-
cation of the focusing coil or magnet. The electron 
beam will then focus at a sharp point on the 
screen. When this result is obtained, a side and 
end view of several possible electron paths through 
the tube would look, greatly exaggerated, some-
thing like this: 

Fig. 23-24 
electron 
gun 

The Fluorescent Screen. — The screen of the 
picture tube is a thin layer of a mixture of several 
phosphors. The mixture is applied as a coating on 

the inside surface of the flat glass face of the 
tube, to provide the desired fluorescent charac-
teristics. Zinc sulphide and zinc-cadmium sul-
phide are the phosphors commonly used. The main 
requirements are that the screen emit white light, 
with a medium persistence. This means that light 
is radiated from the screen for a small fraction of 
a second after bombardment by the electron beam. 
Incidentally the last two symbols in the type 
designation of a picture tube, such as P4 in 
16GP4, indicate that the screen utilizes the P4 
phosphor, which produces white light and has 
medium persistance. 

Brightness.— This is the average overall light 
intensity given off by the reproduced picture. 
When the accelerating anode voltage has the 
correct value, and the tube is in normal operating 
condition, the brightness of the picture should be 
high enough to permit viewing in a room with 
average lighting. The actual control of the bright-
ness cf the picture is determined by the d-c bias 
voltage on the kinescope control grid, which is 
adjustable as a front panel control on the re-
ceiver to permit c hanging the brightness according 
to the room illumination and the viewer's preference. 

Contrast. — The relative light intensity of the 
extreme black and extreme white parts of the 
picture determines the contrast. This depends 
upon the magnitude of the a-c video signal coupled 
to the kinescope control grid. If the signal is not 
sufficient to swing the kinescope grid voltage 
far enough toward zero, away from the negative 
bias voltage, the amount of beam current required 
for very white parts of the picture will not be 
produced. Or the darkest parts of the picture may 
not be black if the control grid voltage is not 
driven to cutoff. As a result, with insufficient 

side view end view  

screen 

video signal the range of light values between 
black and white is reduced in the image. pro-
ducing a picture with a flat washed-out appearance. 
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Whenthe video signal has the amplitude needed 
to vary the kinescope grid voltage over the full 
range of values corresponding to black and white, 
the reproduced picture has its normal contrast. 
Generally, an amplitude of about 50 volts peak-to-
peak is necessary. The contrast control is the 
picture control on the front panel of the receiver. 
It varies the amount of a-c video signal coupled 
to the kinescope grid, in order to provide the re-
quired amplitude of video signal and set the 
contrast of the reproduced picture. 

THE SCANNING RASTER 

23-8. The raster is the rectangular frame area 
that includes all the scanning lines. Here is a 
photo of the screen of a picture tube, with the 
brightness turned up higher than normal to show 
the raster: 

Fig. 23-25 

The luminous area is produced by the electron 
beam as it scans the fluorescent screen of the 
tube in the standard scanning pattern. The screen 
brightness is uniform here because there is no 
video signal. When video signal is coupled to the 
kinescope grid, however, as the beam scans the 
frame, the picture can be "painted" on the raster 
with the different shades of light produced by 
varying the beam intensity, in accordance with 
the picture information. 

Standards. — Many of the transmitter practices 
in commercial television broadcasting, especially 
with regard to the scanning procedure, must be 
standardized so that any receiver can reproduce 
the picture transmitted by anytelevision broadcast 
station. These rules are enforced by the Federal 
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Communications Commission (FCC), which adopted 
a group of standards originally determined by the 
Radio and Television Manufacturer's Association 
(RTMA, formerly RMA). For this reason they are 
often called the RTMA standards. Many leading liana-
factrters of radio and television equipment, have 

played an importait part in setting up the RTMA 
standards that have enabled television to develop 
from its early days of experimentation to the present 
expanded commetrial field. The scanning procedrres 
explained here are part of the RTMA standards. 

Number of Scanning Lines. — The total number 
of scanning lines in the raster is 525. This means 
that the scanning beam produces 525 complete 
horizontal lines, to scan the entire picture frame 
area before returning to its starting position to 
begin scanning the next frame. 

The reason for choosing 525 as the total 
number of scanning lines in the frame is related 
to several factors. The number should be about 
525 to provide the best detail possible within the 
limits of the 6 mc broadcast channels provided 
for transmission of the picture signal. In addition, 
the number 525 is the product of the odd prime 
number, 3 x 5 x 5 x 7, which is convenient for 
the frequency division circuits in the sync signal 
generator at the broadcast station. And finally, 
the total of all the scanning lines in one picture 
frame must be an odd number for the standard 
scanning pattern used. 

Odd Line Interlacing. — The way that the 
scanning pattern is produced is illustrated in 
Fig. 23-26, showing the path followed by the 
scanning beam. Fromthetopleft corner, at point A 
in Fig. 23-26 (a), the scanning spot moves across 
the raster to produce a succession of horizontal 
lines that are progressively lower and lower. The 
vertical motion of the beam is produced by the 
vertical deflection signal, which is applied simul-
taneously with the horizontal sweep. The hori-
zontal lines have a slight downward slope because 
the effect of the vertical deflection is always 
present, moving the beam continuously until the 
vertical trace has been completed to the bottom 
of the raster at point B. 

When the downward vertical scan has been 
completed, to point B, the vertical deflection 
signal then makes the beam retrace to the top of 
the frame to begin the scanning process again. 
The flyback to the top of the frame is much faster 
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Fig. 23.26 
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than the downward movement of the vertical de-
flection, but still is relatively long in terms of 
the horizontal scanning period, so that a number 
of complete horizontal lines are scanned during 
the vertical retrace, as illustrated in Fig. 23-26(b). 
For simplicity, only one of the retrace lines is 
shown. These horizontal lines produced during 
the vertical retrace are normally not visible 
and they do not carry any picture information. 
Notice that they slope upward, since this is the 
direction of vertical motion for the beam during 
the vertical flyback. These are the retrace lines 
that become visible when the brightness is set 
considerably higher than normal, as can be seen 
in Fig. 23-25. 

The scanning lines in Fig. 23-26 (a) are labelled 
alternately with odd numbers because the beam 
skips lines that will be filled in later during the 
next vertical scan, to interlace the lines in the 
frame. To make the beam skip alternate lines, it 
is only necessary to cause the beam to move 
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downward twice as fast as it would if all 525 
lines were scanned during the period of a single 
vertical trace. 

When the scanning beam is back at the top of 
the frame, after scanning all the odd lines and 
completing its flyback, it is at point C in Fig. 23-
26 (c), ready to start the next vertical scan. The 
vertical trace will now make the path of the beam 
fall between the previous lines scanned, to fill 
in the even lines and complete one frame. This 
interlacing of the alternate lines is accomplished 
automatically, because there is an even number 
of vertical scans (2) for an cdd number of total 
lines (525). 

With the beam down at the bottom of the raster 
at point D, after the second vertical trace, the 
vertical deflecting signal then makes the beam 
retrace to the top. The same number of retrace 
lines will be produced as in the previous field, 
to bring the scanning beam back to where it 
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started in the first field at point A, as shown in 
Fig. 23-26 (d). The entire protedum is then re-
peated continuously, as all the odd lines and all 
the even lines are scamedin alternate succession. 

Fig. 23-26 (e) illustrated the interlaced raster. 
The complete frame consists of two separate 
groups of lines, each group being called a field. 
The odd fields contain the odd-numbered scanning 
lines; the even fields include the even-numbered 
scanning lines. Each field has 2621/2 scanning 
lines, both fields providing a complete frame with 
the total 525 lines scanned during the frame in-
terval of 1/30 second. The time required to com-
plete any one field is 1/60 (one-half of 1/30) 
second. 

Flicker. — The scanning lines are interlaced, 
instead of following a simple progressive pattern 
with all 525 lines scanned in one vertical scanning 
cycle, because the interlacing doubles the re-
petition rate of the vertical flybacics and the 
vertical blanking intervals. This eliminates the 
effect of flicker in the reproduced picture, The 
flicker is a blinking of light on the viewing screen 
as it becomes white with picture informa tion 
during one field, and then is dark due to vertical 
blanking during the vertical flyback. Although 
there are still only 30 complete pictures per 
second, with interlaced fields the " blinking" 
rate is 60 per second, because 60 " blankouts" 
occur each second f whichis rapid enough to make 
the flicker unnoticeable. 

The flicker could be eliminated by scanning 
the 525 lines progressively at a rate of 60 frames 
per second, but this would double the horizontal 
scanning speed, increasing the video frequencies 
required to show details in the picture. Interlacing 
has the advantage of doubling the vertical blanking 
rate to eliminate flicker, without increasing the 
horizontal scanning rate. The picture information 
is essentially the same, since the order in which 
the lines are scanned is not apparent to the eye, 
which sees the picture as a complete unit, due 
to the persistence of vision. 

Frame, Field and Line Frequencies. — The 
frame frequency, which is the picture repetition 
rate, is standardized at 30 cps. This is the rate 
at which the total group of 525 scanning lines is 
repeated. The field frequency is the rate at which 
the fields are repeated, which is 60 cps, since 
there are two fields for one frame interval. Notice 
that the field repetition rate, and the vertical 
scanning frequency, are the same as the 60 cps 
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power line frequency generally used in the United 
States. 

The horizontal lines scanning frequency is 
15,750 cps. This is calculated as follows. There 
are 525 lines produced during the frame time of 
1/30th of .a second, or 525 X 30 = 15,750 lines 
produced in one second, which is a frequency of 
15,750 cps. In terms of the field scanning interval, 
2621/2 lines produced during the field time of 
1/60th of second is equal to the same line fre-
quency of 15,750 cps. The time required to scan 
one horizontal line, therefore, is 1/15,750 second, 
or 63.5 microseconds. 

The scanning rates determine the frequencies 
of the deflection signals that sweep the beam to 
produce the raster. The frequency of the horizontal 
deflection signal produced by the horizontal sweep 
generator is 15,750 cps, since there must be one 
cycle of deflection signal for each line. The 
vertical deflection signal from the vertical sweep 
generator has the field frequency of 60 cps be-
cause this is the rate at which the beam completes 
the vertical scanning cycles. 

Deflection Waveforms. — In order to produce 
linear scanning, the variations of the deflecting 
force with respect to time must have a sawtooth 
waveshape, as shown in Fig. 23-27. When electro-
static deflection is used, by means of deflection 
voltage applied to two pairs of deflection plates 
within the tube, the scanning signal must be a 
sawtooth wave of voltage. Electrostatic scanning 
is very seldom used in picture tubes, however, 
because of the extremely high voltages that would 
be required to fully deflect modern high voltage 
kinescopes. With magnetic scanning, the current 
through the deflection coils must have the saw-
tooth waveshape, because it is the magnetic 
field of the current that produces the deflecting 
force, reacting with the magnetic field of the 
electron beam. 

Fig. 23-27 

The Sawtooth Waveform. —Fig.23-27 illustrates 
how the sawtooth wave produces linear deflection. 
With a peak-to-peak amplitude of 400 ma. as a 
typical value for the sawtooth current required in 
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the horizontal deflection coils, assume that this 
deflects the beam across the kinescope screen 
for a full horizontal sweep of 8 inches. This 
provides 2 inches of deflection for every 100 ma, 
change in the amount of scanning current. The 8 
inches of deflection includes 4 inches either side 
of center, corresponding to t he a-c scanning current 
of ± 200 ma. Starting with zero current, at the 
middle of the a-c axis, the beam is at the center 
of the screen, which is its normal position without 
deflection. When the current changes, the beam, 
moves away from center in the horizontal direction. 
This may be left or right, depending on the direction 
of current through the deflection coils, but we'll 
assume that the motion is toward the right for an 
increase of current in the positive direction. 

Because the rise of the sawtooth wave is 
linear, increasing by equal amounts in equal 
intervals of time, the beam moves across the 
screen at uniform velocity for the trace period of 
the scan. When the sawtooth current increases 
from zero to 100 ma, the beam is deflected 2 in. 
away from center, to the right. During the next 
equal interval of time, while the scanning current 
rises from 100 ma to 200 ma, the beam is deflected 
an additional 2 in., moving to its extreme position 
at the right, 4 in. from center. At this time the 
value of the sawtooth current changes rapidly 
from + 200 ma.to - 200 ma for the flyback. Since 
this is a change of 400 ma, in the direction op-
posite from the linear rise during trace time, the 
beam is deflected 8 in. to the left, completing 
the retrace within a very short period of time. 
Now, with the beam at the left side of the raster, 
the scanning current change of + 100 ma, from 
- 200 ma to - 100 ma, moves the beam 2 in. 
toward center. Then the next 100 ma change 
produces an additional displacement of 2 in. 
deflecting the beam to the center. From here the 
entire scanning cycle is repeated again. With the 
a-c deflecting signal continuously sweeping the 
beam horizontally, the scanning raster is produced 
as the sawtooth vertical scanning signal sweeps 
the beam vertically while the horizontal lines are 
scanned. 

Both the retrace motions are veryrapid. Typical 
values are about 10% of the total line scanning 
interval for the horizontal flyback time, and less 
than 5% retrace time for the vertical scanning.The 
flyback on the sawtooth wave need not be linear 
because no picture information is shown during 
this time, due to the blanking signals. 

The Trapezoidal Waveshape. - It is important 
to remember that in order to produce the necessary 

sawtooth current, the voltage across the deflection 
coils is not a sawtooth wave, because magnetic 
deflection circuits include inductance and re-
sistance. To produce sawtooth scanning current 
the deflection voltage must have the waveshape 
shown here: 

tvoltage 

Fig. 23-28 

time 

Called a trapezoidal waveshape, this combines 
sawtooth and rectangular voltage waves to produce 
the voltage required for sawtooth current in a 
circuit including inductance and resistance. The 
sawtooth voltage produces sawtooth current in 
the resistive component of the deflection circuit, 
while the rectangular voltage component is needed 
to furnish sawtooth current through the inductance. 
With the proper voltage, the scanning current has 
the required sawtooth waveshape, providing linear 
scanning in the raster. 

Scanning Non-Linearity. - When the deflection 
current does not increase linearly during the 
trace, the scanning beam is deflected at a non-
uniform rate. As an example consider the non-
linear sawtooth current wave shown here as the 
vertical deflecting signal. 

Fig. 23-29 

If we divide the trace time into two equal 
halves on the horizontal time axis, as indicated 
by the dotted lines in the drawing, you can see 
that the corresponding amplitudes are not the 
same. During the first half of the vertical trace 
time, therefore, the scanning beam will be de-
flected more than half way down. The effect of 
this increased rate of deflection is to spread out 
the top half of the picture information in about 
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three-fourths of the raster. Then the remaining 
hall of the picture is compressed in the bottom 
part of the frame. This is the way the effect 
appears in the reproduced picture: 

Fig. 23-30 

Of course the non-linearity could be in the 
opposite sense, crowding the top are spreading 
out the bottom. Also, the picture can be non-linear 
in the horizontal direction, crowding the picture 
information at the right or left, when the 'hori-
zontal scanning signal is not linear. 

The Effect of Blanking on the Picture. — 
Although the blanking signals are required to 
blank out the retraces in the scanning pattern, 
their pulse width, in time, is generally longer than 
the retrace time. As a result, the scanning beam 
is also blanked for a small part of trace time, in 
addition to blanking of the retraces. Figure 23-31, 
illustrates the time relation between sync and 
blanking for one horizontal line, which accounts 
for this overlap. 

..— sync pulse 

4--

blanking pulse 

camera signal 

Fig. 23-31 

Starting at the leading edge of the wide pulse, 
this is the beginning of blanking. The beam is at 
the right side of the raster, completing the trace 
for one line, when the blanking pulse of the corn-
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posite video voltage on the kinescope grid cuts 
off the beam and extinguishes the screen illumin-
ation. Then the beam deflection continues a little 
toward the right, completing the trace, until the 
time of the leading edge of the sync pulse, be-
cause this is when the flyback starts. The blanking 
continues during retrace time. When the flyback 
is completed, with the beam at the left side of 
the raster, the beam then traces another line. 
However, the deflection circuits produce a rapid 
flyback that should be completed before the end 
of the blanking pulse. As a result, a small -part 
of the trace at the left side of the raster is blanked 
out. With this effect produced for every line, the 
overall effect is a blanking bar along the left and 
right sides of the raster. This effect is illustrated 
here, in a taster with the brightness increased to 
show the blanking. 

Fig. 23-32 

The blanking bars along the top and bottom of 
the raster are due to vertical blanking, which has 
a similar relation to the vertical scanning. 

The only effect of the blanked portions of the 
raster is to decrease slightly the size of the 
visible frame. There is no omission of picture 
information because the blanking signals, which 
are received from the transmitter, are producing a 
similar effect for the scanning in the camera 
tube at the broadcast station. 

Aspect Ratio. — The proportions of the scanning 
raster and the picture frame are standardized to 
provide a rectangular frame having a width 4/3 
its height. This proportion is called the aspect 
ratio of the frame. Although it defines the pro-
portions of the frame, which must be standardized 
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so that a receiver can reproduce the picture from 
any station without exaggerating the height or 
width, the aspect ratio does not limit the absolute 
size of the picture. For any size, the visible 

picture frame can and should have the 4/3 aspect 
ratio. This should be determined with video signal 
on the kinescope grid because the blanking 
signals crop off the edges of the raster. 
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RESOLUTION 

24-1. In the previous lesson, the general as-
pects of television were. discussed to familiarize 
you with the overall pattern of the system. Now 
we can proceed further to analyze some specific 
problems that are important in understanding the 
possibilities and limitations of a television re-
ceiver. One of the most important of these is the 
problem of picture quality in terms of the number 
of individual picture elements in the reproduced 
image. 

What is Resolution?. — The resolution of the 
reproduced image is its ability to show adjacent 
picture elements as separate areas that the eye 
can distinguish from each other. The closer the 
picture elements can be to each other, and still 
be seen by the eye as separate details, the better 
the resolution is. The quality of a picture is also 
called definition or detail, as the resolution de-
termines how many individual details you can 
distinguish in the picture. 

The better the resolution, the more details 
evident in the image, and the better is the quality 
of the reproduced picture. The picture is more 
pleasing to the eye because of the apparent 
depth when there are many picture elements to fill 
in the details of the image. This effect is illus-
trated below, showing a picture with poor resol-
ution in Fig. 24-1(a), and a reproduction approx-
imately equivalent to a good picture in ( b). 

Fig. 24-1 (a) 

Fig. 24-1 ( b) 

How the Eye Distinguishes Picture Details. — 
The human eye sees because it contains a huge 
number of individual light-sensitive cells called 
the "rods and cones" of the retina. Individually 
or in small groups, they connect by separate nerve 
fibers with the brain. When light from two different 
elements of a scene we are viewing — such as 
twoleaves on a tree — falls ontwo groups of cells 
that function independently of each other, two 
separate impulses are transmitted to the brain 
and we see two distinct leaves. This action of 
the eye is illustrated here, with A and B repre-
senting two leaves, or any other pair of objects 
relatively close together. 

image of S« 
image of 74' 

lens of eye 

Fig. 24-2 

light-sensitive organs 
(greatly exaggerated) 

'nerve fibers 
S to brain 

2 separate 
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However, if the two leaves are very close 
together (or very far away) the light from both of 
them will focus on the same cell in the retina, 
and the two objects appear as one, as illustrated 
in Fig. 24-3. 

In this case, the eye cannot resolve the two 
separate details, but perceives them as a single 
detaiL Experiments with large numbers of people 
have shown that for average eyes, if two small 
details of an object are not separated from each 
other by at least 1/2000th of the distance from 
the object to the eye, they cannot be seen as 
separate details, but appear to blend into one. 
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fall on some organ 
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Putting it another way, if the angle between lines 
drawn from two details to the eye is less than 
one minute of arc ( 1/60th of a degree), the eye 
will see them as one detail. 

Viewing Distance. — This principle of resolu-
tion of human vision is important with regard to 
proper viewing distance for watching the tele-
vision picture. There are set owners who would 
never think of looking at the pictures in their 
newspaper through a magnifying glass, yet they 
do the same thing, in effect, when they plant 
their faces a few inches infront of their television 
screens. Then they complain that the picture 
"doesn't look right". Of course it doesn't, be-
cause it.isn't supposed to at that distance. The 
picture should be viewed from a distance great 
enough to make it impossible to resolve the in-
dividual scanning lines. Also, the "grain" of the 
picture, which consists d speckles due to in-
herent noise, is not obvious then. 

At the opposite extreme, some people will sit 
20-30 ft. from a 12 in. screen and complain that 
the picture looks small. In this case much of the 
detail in the reproduced picture is wasted, be-
cause at this relatively great distance the eye 
cannot distinguish the small individual elements 
of the picture. 

The proper viewing distance depends upon the 
size of the picture tube and personal preferences. 
A general rule to follow for judging the best dis-
tance is to multiply the height of the picture by a 
factor ranging from about 6, for those who like 
to sit up close, to approximately 15. 

Vertical Resolution. — By vertical resolution 
we mean the ability of the eye to distinguish 
individual details below or above each other in 
the vertical direction in the picture. The hori-
zontal resolution involves details that are ad-
jacent to each other in the horizontal direction. 

In a printed photograph it is necessary to 
consider only the overall detail of the picture, 

Fig. 24-3 

single 
nerve 
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since the factors affecting resolution are the 
same in both the horizontal and verticaldirections. 
In television, however, the vertical and horizontal 
resolution must be considered separately, be-
cause of the way the picture is produced. Nor-
mally, the resolution is approximately the samein 
both directions, but when trouble develops in the 
receiver, the horizontal resolution can be reduced 
without affecting the vertical resolution, or vice 
versa. It is important, therefore, to understand 
the factors that affect the resolution in both the 
horizontal and vertical directions. 

The most important factor in determining the 
amount of vertical resolution in the television 
picture is the number of scanning lines used. 
There cannot be more details in the vertical 
direction than there are lines, since at best two 
scanning lines can show no more than two vertical 
details. 

However, the number of vertical details re-
produced in the picture is much less than the 
total 525 scanning lines. One reason is the fact 
that 5-8% of the scanning lines occur during the 
vertical blanking time, when no pict ure information 
is scanned. Deducting approximately 8% of the 
525 total, which is about 40 inactive lines, this 
leaves only 485 active scanning lines. 

Furthermore, not all d these active lines are 
effective in showing individual vertical details of 
the picture. To see why, consider the illustration 
in Fig. 24-4, showing a vertical column of alternate 
black and white picture elements, each as high 
as the width of a scanning line. If the scanning 
lines were to fall exactly on the equally spaced 
details, as shown in A of Fig. 24-4, each of the 
picture elements would be re-woduced by a 
scanning line. But when the beam straddles ad-
jacent elements, as in B and C of the illustration, 
some of the individual details are lost. In B, 
where two adjacent black and white elements are 
straddled to the same extent, the resulting re-
production shows a medium gray bar instead of 
the black and white individual details. The re-
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production in C shows some degree of vertical 
detail because the straddling of the black and 
white elements is not complete. 

width of 
scanning 
spot T 

C 

image reproduction 

Fig. 24-4 
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In practice, television pictures do not consist 
of alternating black and white boxes that are the 
same size as the scanning lines, so that the 
problem of straddling the individual elements is 
not quite so severe. Still, the number of vertical 
details that can be reproduced averages onlyabout 
75% of the number of active scanning lines. Cal-
culating 75% of 485, which is approximately 360, 
this is about the maximum number of vertical 
details possible in a television reproduction, the 
exact value depending upon the picture content. 

In obtaining the best vertical resolution, it is 
assumed that the interlacing is perfect, so that 
the scanning lines do not overlap,and thusreduce 
the 485 active lines. Also, the beam focus must 
be normal so that the scanning spot is small 

enough to produce individual scanning lines. 
Naturally, the best focus is also required to 
obtain maximum horizontal resolution. The bright-
ness and contrast must also be normal, as ex-
cessive brilliance can reduce the focus and the 
resolution. 

Horizontal Resolution. — The factor that limits 
the resolution in the horizontal direction is the 
maximum possible speed at which the intensity 
of the scanning beam can be varied to show 
variations in shading between black and white. 
This, in turn, depends upon the rate of the am-
plitude variations in the camera signal from in-
stant to instant, which determines the high 
frequency components of the signal. To illustrate 
this idea, suppose that the beam scans a hori-
zontal line consisting of a kernate black and white 
bars like this: 

mage 

I 1 1 1 
Idea I s Igna I 

Fig. 24-5 

The rectangular wave shown below the image 
represents the ideal case of electrical signal 
variations that correspond exactly to the black 
and white details in the horizontal line of the 
image. Remember now that it takes a definite 
amount of time for tir scanning beam to move 
across all the details in the line. Specifically, 
this is the unblanked trace period for a horizontal 
line, which is equal to approximately 53 micro-
seconds, but for the moment we are only interested 
in some comparisons. If the number of black and 
white elements in Fig. 24-5 were doubled, the 
corresponding electrical signal would have twice 
as many amplitude variations, within the same 
amount of time. As a result, the frequency of the 
equivalent electrical signal would be doubled for 
the increased amount of detail. In order to show 
more horizontal detail, therefore, the equivalent 
electrical variations must have a higher frequency. 

The actual camera signal for the horizontal 
details in the image will not have the rectangular 
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shape shown for the ideal case in Fig. 24-5, but 
will be more like the sine wave signal shown here: 

image 

Fig. 24-6 

Because the signal variations cannot change 
instantaneously between the black and white 
levels, the reproduced picture will not show the 
sharp divisions between adjacent details but will 
appear as in Fig. 24-6. 

This inability to reproduce instantaneous 
changes in light level for details in the hori-
zontal direction is related to the high frequency 
components of the camera signal, since the more 
rapid change in the amplitude the higher is the 
frequency. However, the highest signal frequency 
is limited to approximately 4 mc by the fact that 
this is the highest video modulating frequency 
that can be transmitted by present methods in 
the standard 6 mc television broadcast channel. 
As a result of the 4 mc restriction, the horizontal 
resolution is limited to about 420 details in 
present practice. 

The way that the value of 420 horizontal 
details is calculated for 4 mc signal is illustrated 
here: 

voltage 

4 mc 

time 

[7/71p se— c1.1 

Fig. 24-7 

The 4 mc sine wave cycle shown above the 
picture elements represents approximately the 
information in the two individual details. Notice 
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that one cycle of the signal corresponds to the 
two adjacent details, one black and one white. 
The first thing to know is the period of time 
required for one cycle of the 4 mc signal. This 
is the reciprocal of 4 mc, whichis 1/4 microsecond. 
Remember now that the scanning time for the 
unblanked pert of the visible horizontal trace is 
approximately 53 µsec. During this amount of 
time, therefore, 53 X 4, or 212 cycles of 4 mc 
signal could be produced since 4 cycles occur in 
one microsecond. This corresponds to 212 pairs 
of black and white horizontal picture elements. 
The total number of details in the horizontal line. 
then, is 212 X 2 or 424. 

Total Number of Picture Details. — With ap-
proximately 360 as a maximum number of vertical 
details, limited primarily bythe number of scanning 
lines, and about 420 horizontal details as a 
maximum because of the restrictions of 4 mc 
modulation in the transmission channel, the total 
number of picture elements in the entire image 
can have a maximum value of 360 X 430, or about 
150,000. This is a rough measure of the best 
possible resolution in the television picture, 
which is approximately equal to the detail in a 
16 mm film frame. 

The horizontal and vertical resolution are 
about the sane, even though there are more 
horizontal details. Don't forget that the width of 
of the television picture is 4/3 the height, so 
that if the number of horizontal details is 4/3 
greater than the amount of vertical details, the 
resolution, in details per inch, will be equal in 
both directions. 

It is important to realize that the maximum 
possible number of details in the television re-
production is the same regardless of the size of 
the picture. Since t he television standards specify 
the number of scanning lines and the high f req uenc y 
limits of the transmission channel, these set the 
maximum vertical and horizontal resolution. The 
maximum number of details in a 19 in. TV picture, 
for example, is the same 150,000 that can be 
obtained in a 12 in. picture. 

THE COMPOSITE VIDEO SIGNAL 

24-2. The composite video signal is a varying 
voltage that contains all the information needed 
to reproduce the picture. Included as a part of 
the composite video are: ( 1) the camera signal 
variations corresponding to the changes in light 
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and shadow along the scanning lines as they 
cross the image, which make up t he desired picture 
information; (2) blanking pulses, for blanking out 
the scanning retraces, both horizonta land vertical; 
(3) synchronizing pulses to insure correct timing 
of the horizontal and vertical scanning. 

Components of the Video Signal. - Toillustrate 
these components of the video signal, the infor-
mation for two lines of the many in the complete 
picture is shown in Fig. 24-8. 

The video is shown with maximum amplitude 
for the sync, because this is the way the signal 
is transmitted. Negative polarity of transmission 
is used, which produces the peak carrier amplitude 
for the tip of sync, while the lowest carrier am-
plitudes correspond to the whitest picture in-
formation. Note the amplitude levels indicated in 
Fig. 24-8. Starting with the top of the sync pulses, 
this is the maximum or 100% signal amplitude. In 
terms of this peak value, the blanking level, 
which represents the tops of the blanking pulses, 
is at approximately the 75% level. This can be 
considered as the black reference level, since it 
should be reproduced as black to make the blanking 
effective. The blanking level is also called the 
pedestal level because it serves as a pedestal 
for the sync pulses. These are added to the com-
posite video signal after the blanking pulses 
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have been clipped at the desired blanking level, 
thereby setting the black reference value. 

Amplitude values in the video signal lower 
than the 75% level are the camera signal, with 
variations corresponding to the desired picture 
information. Lower amplitudes represent whiter 
picture information, as the signal variations are 
further removed from the black level. The maximum 
white areas in the picture are made to produce a 
signal level that is 15% or less of the peak am. 
plitude, in order to insure a wide enoughamplitude 
swing between black and white for a suitable 
range cf contrast in the reproduced picture. 

Notice that the black peaks in the camera 
signal are shown a little below the blanking level, 
by about 5%, according to general TV broad-
casting practice. This is done to minimize the 
possibility of any picture information extending 
above the 75% level, which could interfere with 
the sync. The top 25% of the signal amplitude is 
used only for the synchronizing pulses. 

The Video Signal and the Reproduced Picture. - 
Still referring to Fig. 24-8, now we can trace the 
signal variations in a sequential order, to see 
how these correspond to the reproduced picture. 
Starting at the left in the illustration, this is the 
time when the scanning beam is at the left side 
of the frame, just beginning the active scan of 
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picture information in one line. The amplitude is 
at the maximum white level, which means that 
there is a maximum white area at the extreme left 
side of the line. As time passes, the beam scans 
across the line, reproducing the shading values 
that correspond to the amplitude levels in the 
video signal. From the maximum white at the left, 
the picture information becomes darker t o a medium 
gray about one third of the distance across the 
line. After this the signal dips a little and then 
rises to black, before coming back to a white 
level at the end of the active line scan. At this 
time the horizontal blanking pulse occurs, raising 
the video signal amplitude to the black reference 
level. This is done in order to blank out the 
scanning beam in preparation for the retrace, 
which will be produced by the sync pulses immed-
iately after the leading edge of the blanking pulse. 

The beam remains blanked for the entire time 
of the blanking pulse width. During this time, 
the scanning generator is made to produce the 
flyback, with the timing determined by the sync. 
The flyback will start very soon after blanking, 
so that the entire retrace can be finished before 
the blanking is over. 

As illustrated by tir second line of camera 
signal in Fig. 24-8, the picture information is 
maximum white again after the previous blanking 
pulses. Progressing to the right, the signal rises 
to a dark grey, dips, and then goes to black before 
dropping to maximum white at the right side of 
the frame, just as in the line previously scanned. 
Here another horizontal blanking pulse again ex-
tinguishes the beam just before the next horizontal 
retrace. This action continues line by line, in a 
sequential order, for all the elements and all the 
lines in the picture. 

The RTMA Standard Waveform. — The details 
of the composite video signal are set by the 
standards adopted in 1941 by the RTMA, and 
approved by the FCC with some modification in 
1944, when the number of scanning lines was 
changed from 441 to the present standard ci 525. 
Some of the features require rigid standards, while 
some variation is permitted for others, in order to 
permit mass production of receivers that can 
receive pictures from all TV broadcast stations. 
This need of definite standards is not quite so 
great in conventional AM sound radio broadcasting, 
but in television it is critical because of the 
synchronizing problem. 

The RTMA standard TV waveform is illustrated 
iq Fig. 24-9, showing two samples of the composite 

video signalthat indicate how it combines camera 
signal, horizontal and vertical blanking pulses, 
and the sync pulses. The waveforms labelled (1) 
and (2) illustrate the half-line difference of the 
sync timing in alternate fields, since the graphs 
show amplitude variations with respect to time. 
The waveforms labelled (3), (4) and (5) show 
details of the sync and blanking pulses. The time 
intervals related to horizontal scanning are in-
dicated in terms of the line scanning period H, 
which is equal to 1/15,750 sec. or 63.5 micro-
seconds. The vertical field scanning period V 
is 1/60 sec. 

Horizontal Blanking. — Between the carrera 
signals for each consecutive line is a square-
topped pulse that raises the signal amplitude to 
the blanking, or black reference level. These are 
the horizontal blanking pulses, which extinguish 
the scanning beam at the end of each active line 
trace, in order to blank out the horizontal retraces. 
Since a blanking signal is required for each line, 
the frequency of the horizontal blanking pulses 
is 15,750 cps. 

The width of the horizontal blanking pulse 
has an average value of 0.17H, which is 17% of 
63.5 µsec or 10.8 µsec. Subtracting this hori-
zontal blanking time of 10.8 ,usec from the total 
line scanning interval of 63.5 ,usec, this leaves 
52.7 or approximately 53 µsec as the unblanked 
scanning time for the visible picture information 
in one line. 

Horizontal Sync. — Superimposed on each 
horizontal blanking pulse is a horizontal sync 
pulse, both occuring at the repetition rate of 
15,750 cps. Each sync pulse. occurs within the 
time providing for blanking of the retraces, for 
the beginning of the sync pulse coincides with 
the start of the flyback. However, the length of 
time required for the retrace is not determined by 
the sync pulse, but depends on the characteristics 
of the scanning circuits. 

Referring to detail (3) in Fig. 24-9, note the 
front porch and back porch of a horizontal sync 
pulse. The front porch is the time when the signal 
is at the blanking level, just before the leading 
edge of the sync pulse occurs to raise the am-
plitude to the 100% level of the tip of sync. 
During this time, which is approximately 0.02H or 
1.27 µsec, the beam is normally moving to the 
right to complete the trace, although blanking 
time has started. Since the flyback is generally 
timed to begin with the leading edge of the sync 
pulse, the retrace starts about 1.27 µsec after 
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blanking. Blanking continues during the entire. 
time of the sync pulse, which is approximately 
0.08H + 0.01, or about 5 sec. After the sync 
pulse, blankingis still maintained during the back 
porch time cf 0.07H, or approximately 4.5 µsec. 

The retrace must be completed before the end 
of the back porch time. Otherwise picture infor-
mation that should be scanned at the beginning 
of trace tine will occur toward the end of retrace, 
while picture information that should come later 
is folded over this at the left side of the frame. 
In a normal scanning circuit, though, the flyback 
is completed well within the blanking time, as it 
usually takes about seven microseconds. 
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Vertical Blanking. — Referring to waveforms 
(1) and (2) in Fig. 24-9, it can be seen that the 
vertical blanking period extends from the first 
equalizing pulse after the four horizontal sync 
pulses shown at the left in the figure, through a 
relatively long time of about 15 lines. During all 
this time the signal level is at the blanking level, 
or higher for sync pulses, without any picture in-
formation. As indicated at the bottom of waveform 
(1) the vertical blanking time is 0.05-0.08V, 
which is 5-8% of 1/60 second, or about 85000 
microseconds. Since the vertical scanning period 
of 1/60 second includes 2621/2 horizontal lines, 
5-8% of V is equal to 13-20 lines. These lines 
are blanked out, therefore, in each field. The 
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The Composite Video Signal 

exact number depends on the width of vertical 
blanking pulse, within the established tolerance, 

as used by each TV broadcast station. It does not 
matter that there may be a slight difference among 
various stations, because the transmitted signal 
makes the receiver follow the transmitter with 
respect to blanking and sync. 

During the vertical blanking time, the video 
signal includes the vertical sync pulse, which 
produces the vertical flyback. This, of course, is 
the primary reason for the vertical blanking pulse 
that blanks out the beam during vertical retrace. 
However, additional sync pulses also occur in 
the vertical blanking time. The equalizing pulses 
before and after the vertical sync pulse interval 
help the synchronization of the vertical scanning; 
the additional horizontal pulses toward the end of 
vertical blanking maintain the horizontal syn-
chronization, which is still necessary for good 
interlacing even though these lines are blanked 
out. The long vertical blanking period makes it 
relatively easy to complete the vertical retrace 
and start the active linear vertical trace within 
the blanking time. 

Normally the vertical retrace takes the time 
equal to about four or five horizontal lines, so 
that besides the blanked retrace lines, sonne of 
the lines produced at the bottom and top of the 
frame during the vertical trace are also blanked. 
The correlation of vertical blanking with the 
vertical motion of the scanning beam is as follows: 
(1) when the beam is down toward the bottom of 
the frame, completing a vertical trace, the vertical 
blanking pulse raises the video voltage to the 
blanking level, extinguishing the beam. (2) The 
trace downward continues, however, after the be-
ginning of vertical blanking, because the retrace 
will not begin until the time of the vertical sync 
pulse. As a result, about three or four lines are 
blanked at the bottom of each field. (3) some time 
during the vertical sync pulse, it will cause the 
scanning circuits to produce the vertical flyback, 
and the beam will start to retrace to the top of 
the frame. (4) The exact number of retrace lines 
depends upon the vertical scanning circuit but it 
is unimportant, except that it must be the same 
number for every field, and must be within the 
blanking time. (5) When the flyback is completed 
the beam starts the next vertical scan downward. 
This is normally accomplished within approxi-
mately five lines, so that about 5-10 lines produced 
in each field during the downward trace are 
blanked out at the top, since they occur within 
the vertical blanking period. 
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The Vertical Sync Pulse. — You can appreciate 
the fact that the vertical sync pulses must be 
different from the horizontal sync, so that in the 
synchronization of the scanning circuits, the 
vertical deflection oscillator will be triggered 
only by the vertical sync, without interference 

from the horizontal pulses. The method followed 
in providing two separate sync signals is to make 
the vertical sync pulses much wider, providing 
sync vokage for a longer period of time than the 
horizontal sync pulses. As can be seen in Fig. 24-9, 
and as illustrated below for a single vertical sync 
interval, this width is 3H, which is the time of 3 
complete horizontal lines, equal to approximately 
190 microseconds. 

9101.110. ••••••• 111••••.••••••• ••• iim.i.r emir 

 3H 

Fig. 24-10 

The overall effect of the vertical sync pulse, 
with its notches, provides a triggering voltage to 
synchronize the vertical deflection oscillator. 
The vertical oscillator will know the vertical 
pulse by its much greater width. This is possible 
because the vertical sync signal for the deflection 
oscillator depends upon the average value of 
charge of a condenser in the receiver's sync 
circuits. The effect of the notches is filtered out, 
allowing the vertical synchronization to proceed 
as through the vertical sync pulse were continuous. 

The notches, in the vertical sync pulses, 
which are called serrations, have the function of 
providing a sharp fall and rise in the sync ioltage 
at regular half-line intervals during the time of 
vertical synchronization. These are needed to 
provide horizontal synchronization in the hori-
zontal deflection circuits, while the vertical 
scanning is being synchronized. This continuity 
of the horizontal synchronization is absolutely 
essential- to maintain the interlace, even though 
all the horizontal lines produced during vertical 
synchronization are blanked out. The reason for 
inserting the serrations at half-line intervals is 
to allow alternate ones to be used for horizontal 
sync in even and odd fields. 

Sync Timing in Alternate Fields. — Remember 

that there are 262/2 lines in each field. Consider 
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that the first field starts at tir beginning ci 
line, at the left side of the raster. The corre-
sponding line in the second field must therefore 
occur 262iA lines later. This will be in the middle 
of a horizontal line because of the additional 
half-line. In the third field, 525 lines later, the 
scanning beam should be back to where it started 
at the beginning of a line as in the first field. 

As a result of the half-line difference between 
even and odd fields, alternate vertical sync 
pulses are displaced by a half a line with respect 
to the horizontal sync pulse. Therefore, every 
other serration in the vertical pulse is used for 
horizontal sync in one field. If you are wondering 
what happens with a pulse that occurs a half-line 
off the correct time, the answer is — nothing. A 
sync pulse must come approximately at the correct 
intervals to be effective in holding the deflection 
oscillator at the synchronizing frequency. 

The Equalizing Pulses. — This problem of 
sync timing in alternate fields is also the reason 
for adding equalizing pulses to the sync signal, 
which have the function of increasing the accuracy 
of vertical synchronization in even and odd fields. 
Referring back to details ( 1) and (2) in Fig. 24-9, 
you can see that the equalizing pulse interval 
includes 6 narrow pulses at half-line intervals, 
with one group immediately before the vertical 
pulse and one group following. Surrounding the 
vertical pulse in this way, the equalizing pulses 
can equalize the difference in the amount of 
vertical sync signal obtained in the vertical sync 
circuits in alternate fields. A slight difference is 
bound to occur because of the half-line difference 
between the last horizontal pulse and the be-
ginning of the vertical pulse, which means that 
the average amount of sync voltage is different 
here for even and odd fields. These two average 
values of sync voltage around the vertical pulse 
are made nearly the same by the addition of the 
equalizing pulses, however, because they divide 
the periods of unequal voltages into several 
voltage variations that are equal. 

Sync Separation. — The sync pulses must be 
separated from the remainder of the composite 
video signal in the receiver, in order to provide 
horizontal synchronizing signals for the hori-
zontal deflection circuits, and vertical synchron-
izing signals for the vertical deflection circuits. 
This sync separation is done in two steps, in-
cluding amplitude separation of all the sync 

pulses from the camera signal, and the waveform 
separation of the horizontal from the vertical sync. 

The amplitude separation is accomplished by a 
stage called the sync separator or sync clipper. 
What this stage does is clip off the total sync 
from the composite video signal, by means of the 
proper bias and plate voltage for the amount of 
signal drive. The principle of clipping is il-
lustrated by the tubes grid-plate characteristic, 
shown here: 

Ip 

output 

input 

Eg 

Fig. 24-11 

Since plate current flows only for the sync 
part of the input signal, as indicated by the 
shaded area in this illustration, the output signal 
in the plate circuit contains only the sync pulses. 

When the total sync voltage has been obtained, 
without any camera signal, the sync is then 
applied to RC filter circuits to separate the hori-
zontal and vertical synchronizing signals. The 
arrangement of the waveform separation circuits 
is shown in Fig. 24-12. 

With the total sync applied to an RC circuit 
having a long time constant, this acts as a low-
pass filter, allowing the low frequency vertical 
pulses to develop sync voltage across C1. This 
output can trigger the vertical deflection oscillator 
to hold it at the vertical synchronizing frequency 
of 60 cps. 

The value of the equalizing pulses inimproving 
the accuracy of vertical synchronization can be 
seen in terms of the voltage across C1, which is 
equal to the average sync voltage. Without the 
equalizing pulse's, the voltage across C1 would 
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Brightness and Contrast in the Video Signal 
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be different for even and odd fields, as shown 
in Fig. 24-13. 

The difference in voltage could cause the 
vertical deflection generator to be triggered at 
slightly different times, since the triggering 
action occurs when the sync amplitude reaches a 
critical amplitude. The difference in timing of 
alternate fields need be only a fraction of a 
horizontal line period to affect the interlace. 
With the equalizing pulses, however, the average 
value of the sync voltage around the vertical 
pulse, and the output voltage across C1, is mare 
nearly the same for alternate fields. The notches 
inthe verticel pulse across Ci, which could cause 
erratic timing because of identical voltages at 
slightly different times, is filtered out by using 
a two-cc three-section filter. 

The voltage across R2 in the short time con-
stant circuit of Fig. 24-12, however, corresponds 
to the higher frequency sync pulses used for 
horizontal synchronization. This sync signal can 
be used to hold the horizontaldeflection oscillator 
at the synchronizing frequency of 15,750 cps. 

Although not directly related to the syn-
chronizing problem, it is useful to keep in mind 
the fact that although the sync is clipped in the 
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synchronizing circuits, the complete composite 
video signal is coupled to the kinescope. Since 
the sync is blacker than the blanking level they 
are not ordinarily visible but when the brightness 
is turned up they can be seen as the darker parts 
of the blanking bars. This effect is shown here: 
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Fig. 24-14 

BRIGHTNESS AND CONTRAST IN THE VIDEO 

SIGNAL 

24-3. — We have already seen how amplitude 
levels of the video signal correspond to light 
values in the picture. If this is analyzed a little 
further, we can examine some additional charac-
teristics of the video signal that are important 
because of their effect on brightness and contrast. 
Suppose that the televised image consists of five 
vertical bars, as shown in the center figure A of 
Fig. 24-15 shown in next page. 

If all five bars are made lighter than the 
original in A, increasing the overall brightness, 
the resulting picture will be as in B, or if the 
brightness is reduced, the result will be as in C. 
Notice that these two effects are caused by a 
change in average brightness. 

If, however, the dark bars are made darker and 
the light one is made whiter, the result is as 
shown in D. This is an increase in contrast. Or if 
the dark bars are made less dark and the light 
bars are darker, as in E,the contrast is reduced. 

Brightness Level and Apparent Contrast. — 
By noting the contrast and brightness values in 
Fig. 24-15, you can see an interesting relationship 
that increases the apparent contrast at lower 
brightness levels. The reason for this will be 
evident when you consider the following corn-
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A 

Fig. 

parison. If you light a candle in a brightly lighted 
room, the candle does not seem any lighter than 
the room illumination. But in a dark room the 
candle will seem very much brighter, even though 
it adds the same amount of illumination in both 
cases. 

The eye's perception of changes in brightness 
is proportional to the percentage of change in 
illumination, not to the absolute amount of il-
lumination. For this reason, the image shown in 
C of Fig. 24-15 seems to have greater contrast 
than A, for the same absolute difference in light 
from the darkest to the lightest level. The cor-
responding video signals for A and C have the 
same peak-to-peak amplitude swing, representing 
the same amount of absolute contrast. 

How The Video Signal Represents Brightness 
and Contrast. — Now let us examine the video 
signals for one scanning line across each image, 
corresponding to the picture information in the 
bars of Fig. 24-15. The video signals for each of 
the five different illustrations of brigttness and 
contrast are shown in Fig. 24-16. 

Notice that the video signal Ins steps in 
voltage, towards either white or black, representing 
the change of grey level for each bar in the image. 

E 
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In A, 13 and C the change of voltage from one bar 
to the next is the same. The peak-to-peak voltage 
and the absolute contrast in the reproduced 
picture are also the same for those three video 
signals. 

However, notice that the average value is 
different. This is indicated by the horizontal line 
through the shaded area to show the average of 
all the instantaneous amplitude values. In com-
parison with A, the average value in B is further 
from the black level, corresponding to brighter 

average illumination, while in C the average 
illumination is darker. 

Comparing D and E now, notice that the peak-
to-peak signal swing in D is greater than E, 
corresponding to the increased contrast. 

Summarizing these effects: (1) the contrast in 
the picture depends upon the peak-to-peak change 
in signal voltage from the darkest to the brightest 
element; (2) the apparent contrast is greater at 
low brightness levels; (3) the average brightness 
of the picture depends upon the average value of 
the video signal. 

The D-c Component. — It appears, then, that 
the average brightness of the picture can be 
changed by adding a d-c component to the video 
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signal to shift the average value axis of the a-c 
variations in the video voltage. This idea is 
illustrated here: 

d-c level 

o 

A))44 
(a) 

o 

(b) 

Fig. 24-17 

In (a), the video voltage is shown as an a-c 
signal with its average value level being the zero 
axis. In ( b) though, the added d-c component 
shifts the average value axis to the level of the 
added d-c component. The a-c axis and the d-c 
level coincide; the a-c signal can just be con-
sidered as having a d-c level of zero. The a-c 
variations of the signal in (b) are the same as 
in (a), but they vary above and below a different 
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d-c axis, changing the average brightness value 
of the signal. The change here is toward the black 
level, decreasing the brightness, but the d-c 
component can be added in the opposite polarity 
to make the picture brighter. 

D-c Insertion. — In practice, a d-c component 
is added to the a-c video signal, in order to set 
the average brightness at the correct level in 
the reproduced picture. The required d-c component 
is inserted by a control amplifier in the studio 
equipment at the broadcast station. This sets the 
black level at a value that produces cutoff on 
the kinescope grid, thereby allowing reproduction 
of the picture with the correct brightness level. 
The d-c component must be inserted because 
there is no brightness reference in the a-c camera 
signal variations. Different amounts can be added, 
depending upon the d-c component required for 
the brightness in the scene being televised. The 
inserted d-c component is included in the video 
signal that modulates the transmitted picture 
carrier. 

At the receiver the d-c component is main-
tained as a part of the video signal, through the 
r-f and i-f stages amplifyine the modulated picture 
carrier signal. The output of the picture second 
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detector, therefore, is the desired composite 
video signal, including the a-c signal variations 
corresponding to the picture information, and a 
d-c component proportional to the average bright-
ness of the image. 

Loss of the D-c Component. — Since the video 
signal includes a d-c component, this can be 
lost, or blocked, when the signal is capacitively 
coupled from one video stage to another. The 
coupling condenser between stages blocks the 
d-c component as the condenser charges to the 
signal's average value and maintains this charge 
while the signal variations above and below the 
average axis are coupled to the grid circuit of 
the next stage. As a result of the loss of the d-c 
component, the effect on the video signal is to 
alter its brightness values. 

This effect can be illustrated with a few 
graphs. Fig. 24-18, shows video signal for a 
bright picture in A and dark picture in 13. 

(A) 

jeç..d-c level 

(8) 

bright pkture dark picture 

Fig. 24-18 

Notice that the difference in brightness is 
evident by the different d-c levels for the two 
signals. In A the•average axis is much further 
from the pedestal level, which is black, indicating 
that the average light level is brighter than the 
signal in B. 

When the d-c component is lost, however, this 
indication of different brightness levels is lost, 
as shown here: 

(A) 
(8) 

a-c axis 
(d-c = 0) 

Fig. 24-19 

With the two a-c signals on the common zero 
axis, notice that the black, pedestal voltage is 
at two different levels. If one is set to reproduce 
black in the picture, the other will not be correct. 
They both cannot reproduce the same black level 
because the d-c component that set a common 
black level is now missing. 

D-c Reinsertion. — In order to correct for this, 
the cl-c component must be reinserted before 
coupling the signal to the kinescope grid. Stating 
it another way, a voltage value corresponding to 
black in one picture must represent the black 
level for any case. Since the pedestal or blanking 
level corresponds to black, it is necessary to set 
the pedestals at a common voltage level, so that 
they can be lined up at the cutoff voltage of the 
kinescope grid to provide the black reference 
level. The light values in the picture are then 
determined by how far the corresponding video 
voltages are below the black leveL 

It might appear at first that the d-c component, 
once lost, could not be recovered, but this is not 
so. By the use of a rectifier and a long time 
constant RC circuit, the a-c video signal can be 
rectified to provide the d-c component needed to 
line up the pedestals. Such a circuit is called a 
d-c restorer or damper. The operation of this 
circuit will be explained in a later Lesson, bui for 
now it will be enough to remember what it is for. 

Don't lose sight of the fact that the d-c restorer 
is necessary only when the d-c component is lost 
in the coupling between stages of the video am-
plifier. When the video amplifier consists of 
direct-coupled stages, as it does in many receivers , 
dc reinsertion is not required as the video signal 
output of the picture second detecta stage in-
cludes the required d-c component. This is main-
tained through the video amplifier to the kinescope 
grid because of the direct coupling. These re-
ceivers do not include a d-c restorer stage. 

TEST PATTERNS 

24-4. A test pattern is a static image broadcast 
by TV stations in order to help in checking picttge 
quality. This is much more convenient than 
trying to make adjustments with normal program 
material, where the objects in the scene are dif-
ficult to measure and are generally moving. As 
an example of a typical test pattern, the one 
transmitted by Station WNBT in New York is 
shown in Fig. 24-20. 



Test Patterns 

Fig. 24-20 

This is the original of the pattern — the object 
on which the TV camera is focused at the studio. 
The original pattern is illustrated here so that 
you can plainly see its construction, consisting 
of: (a) the gray background, (b) two large outside 
circles, one black and one white, (c) vertical and 
side wedges of converging black and white lines, 
(d) solid black and white arcs at the ends of the 
two side wedges, (e) five small circles, forming 
a " bulls-eye" at the center, varying in shade 
from black to white, (f) the lettering for station 
identification. 

It would be very nice if the TV receiver re-
produced so fine a picture, but at present this is 
not possible. Instead, a normal test pattern on the 
kinescope looks more like this: 

Fig. 24-21 

Focus. — The focus can be adjusted to make 
the converging lines in all four wedges as sharp 
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as possible toward the center of the pattern. Here 
is an example of a picture with poor focus: 

ab -" pt 

'‘4111111i /FA 
Fig. 24-22 

Notice th;,t the lines are indistinct in the 
vertical and the side wedges. When only one pair 
of wedges is fuzzy, while the other pair is sharp, 
the trouble probably is not the focus. Since the 
focus affects the overall sharpness through the 
entire picture, it can be set conveniently without 
the test pattern by adjusting for the sharpest 
possible scanning lines in the raster. This should 
preferably be done with a bright raster to provide 
good focus in the white parts of the picture. Also, 
the center part of the frame should be watched 
for best focus, as the outside edges are normally 
defocused to some extent with deflection. 

The Target. — At the center of the test pattern 
are several concentric circles, ranging from the 
black " bulls-eye", through three shades of gray 
to a white outer circle. These represent five 
equal changes in color value to provide a gray 
scale that can be used for adjusting brightness 
and contrast. These controls should be adjusted 
so that each shade can be distinguished from the 
others. 

What the Large Circles Show. — The diameter 
of the large white circle at the outside of the 
pattern is made 4/3 the diameter of the large 
black circle, in order to help in adjusting for the 
correct aspect ratio in the picture. This is done 
by making the white outside circle just touch the 
sides of the picture mask while the black circle 
reaches to the top and bottom. By adjusting the 
vertical and horizontal size controls on the re-
ceiver, therefore, the proportions of the picture 
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can be conveniently set for the correct aspect 
ratio of 4/3. 

It is important that the reproduced picture at 
the receiver be adjusted this way, so that it will 
have the same proportions as the image televised 
by the TV camera, which has the standard aspect 
ratio of 4/3. Otherwise, the objects in the picture 
would be distorted in shape; the most curvaceous 
bathing beauty would be seen on the screen as 
something resembling either the circus fat woman 
or a human skeleton. Since the transmitter puts 
out a signal for an image with a 4/3 aspect ratio. 
that is the proportion needed to produce kinescope 
bathing beauties with undistorted shapes. 

Here is an example of a picture with the wrong 
aspect ratio: 

Fig. 24-23 

Centering. — It's easy to know when the 
picture is centered correctly with the test pattern 
on the screen, by watching the wedges of the 
pattern. When one of the vertical wedges is cut 
off more than the other, the picture is off center 
vertically. With both wedges cut off to the same 
extent the picture is centered vertically but has 
too much height. By noting the symmetry of the 
side wedges, the horizontal centering can be 

adjusted. 

Pairing of Lines. — When the even and odd 
fields of the scanning raster are not interlaced 
perfectly, successive scanning lines are paired, 
either completely or partially, thereby reducing 
the amount of vertical resolution. The spaces 
between scanning lines should be thin, but uni-
form, and almost unnoticeable, except on very 

close inspection. With pairing of lines, though, 

the line structure is much more evident, as the 
spaces between lines are more noticeable. 

If loss of interlace occurs, the even or odd set 
of scanning lines will be displaced up or down. 
With a slight displacement, the even and odd lines 
merely overlap slightly. The test pattern would 
look like this: 

Fig. 24-e4 

Note that the slanting lines of the horizontal 
wedges combine in a weaving pattern, which is 
called a moire effect. This is the test pattern 
indication of poor interlacing. 

A quick check of interlacing can be made 
without the test pattern when the brightness is 
turned up to make the vertical retrace lines 
visible. Then any irregularity of their spacing 
can easily be detected, since these inactive 
lines are widely separated. 

When the loss of interlace is complete, the 
even or odd fields are displaced the full width 
of a scanning line, so that the lines are super-
imposed, leaving relatively wide spaces blank 
between scanning lines. This defect would be 
very noticeable, with excessive spacing between 
lines and the resultant loss of vertical resolution. 

Checking Linearity. — The test pattern is very 
convenient for checking and adjusting the scanning 
linearity in the TV receiver. With ordinary program 
material it is difficult to tell when the picture 
information is crowded or spread out, unless the 
nonlinear distortion is very severe. When the test 
pattern is on, though, the circles and wedges 
provide a convenient reference for linearity. 
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In the original NBC test pattern the two sides 
wedges are the same length, and the two vertical 
wedges are also equal. If the kinescope reproduc-
tion shows the top and bottom wedges of unequal 
length, this indicates poor vertical scanning 
linearity, with crowding and spreading of the 
picture information from the top to the bottom of 
the image. In addition, the circles in the test 
pattern will not be perfectly round with nonlinear 
scanning. Here is an example of vertical non-
linearity. 

Fig. 24-25 

To correct the vertical nonlinearity, the re-
ceiver's linearity and height controls, which 
control the vertical scanning circuits, can nor-
mally be adjusted to obtain equal top and bottom 
wedges in the test pattern. Varying one control 
usually affects the other, so that both must be 
adjusted to obtain good linearity with the proper 
height. The picture may roll vertically during this 
adjustment, but the vertical hold control can be 
varied slightly to stop the picture for the desired 
linearity adjustment. 

Incidentally, the rolling effect can be put to 
good use by adjusting the vertical linearity while 
watching the bar produced by vertical blanking as 
it moves from top to bottom of the frame. When 
there is no test pattern on the air, this is a con-
venient way to check vertical linearity. Turn the 
vertical hold control to make the picture roll very 
slowly so that you can see any changes in the 
thickness of the bar as it moves through the 
frame, as illustrated in Fig. 24-26. 

VERTICAL BLABBING BAR 

 H 

PICTURE IS STRETCHED AT TOP, CRAMPED AI BOTTOM 

PICTURE IS CRAMPED A TOP, STRETCHED AT BOTTOM 

VERTICAL LINEARITY IS GOOD, 
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Fig. 24-26 

When the vertical scanning is linear the 
blanking bar remains the same width as it moves 
through the frame. There is no similar way to 
check horizontal linearity without the test pattern, 
because the bar produced by horizontal blanking 
generally cannot be made to drift across the frame. 

When the side wedees are of unequal length, 
this indicates nonlineerity of the horizontal 
scanning, with crowding and spreading of the 
picture information in the horizontal direction. 
This is shown here: 

Fig. 24-27 

Obtaining equal side wedges with the proper 
picture width, is a problem of adjusting the hori-
zontal linearity, width, and drive controls, which 
affect the horizontal scanning circuits. 

Measuring Resolution. — Suppose that a tele-
vised image consisted of equally spaced, alternate 
black and white horizontal bars, as shown in Fig. 
24-28 on the next page. 
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Fig. 24-28 

With only 30 bars in this image, 15 black and 
15 white, we know that all d them would be 
clearly shown in the 525 line TV system. But 
now if we gradually make the bars narrower and 
closer together, more and more bars will be in-
cluded between the top and bottom of the picture. 
As we crowd in more bars, there will eventually 
come a time when the bars, as seen on the kine-
scope screen, will no longer be distinct from each 
other, but will seem to run together. The maximum 
number of such lines or bars that we can dis-
tinguish is defined as the resolution, in lines. 
As an example, if we can resolve 150 lines, 75 
white and 75 black, but find that 160 lines run 
together to make the individual lines indistinct, 
the picture has 150-line resolution. 

Referring back to Fig. 24-20 now, you can see 
that the side wedges of the test pattern contains 
alternate black and white bars that are tapered 
to become narrower toward the center circles. 
Similarly, the top and bottom wedges are tapered 
so that the effect of thinner lines, and more lines 
per inch, is obtained toward the center of the 
pattern. As a result, the wedges can be used to 
measure the resolution of the picture reproduced 
onthe kinescope, in lines, by noting the narrowest 
part of the wedge where the individual lines can 
be resolved. The side wedges measure vertical 
resolution, in terms of the number of individual 
lines that can be resolved from the top to the 
bottom of the picture, while the vertical wedge 
measure horizontal resolution, as they indicate 
the ability to show individual details in the hori-
zontal direction. 
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Fig. 24-29 
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Fig. 24-29 will help in explaining the calibra-
tion and use of the horizontal wedges of the test 

pattern, for measuring the vertical resolution. 
There are 31 individual lines, 16 black and 15 
white, in each wedge of this particular pattern. 
The right edge of the side wedge, where the in-
dividual lines start to taper is approximately 1/5th 
of the picture height. Considering only this part 
therefore, 5 x 31, or 155 lines, could be fit into 
the space between the top and bottom of the 
picture, which is approximately 150-lines res-
olution here. At the left side of the wedge, where 
it is only 1/10 the picture height, the vertical 
resolution is 31 x 10 or 310 lines. For the inter-
mediate points having white markers along the 
wedge, one indicates 200-lines resolution because 
the 31 lines of the wedge here occupy approximately 
1/6.5 of the picture height, while the wedge is 
about 1/8 the total height at the other marker for 
250 line resolution. 

Referring again to the NBC test pattern in 
Fig. 24-20 the vertical wedges measure horizontal 
resolution. This is indicated in two ways. The 
top wedge is marked in number of lines of reso-
lution from 150 to 325 lines, just like the side 
wedges, while the bottom wedge indicates the 
corresponding frequency response of the receiver, 
in megacycles per second. 

As illustrated in Fig. 24-30, the horizontal 
resolution in number of lines is calculated as for 
vertical resolution. The width of the wedge is 
compared to the length H here, which is the same 
as the height of the picture, or 3/4 the picture 
width. The reason for doing this is to provide a 
basis of direct comparison between the horizontal 
and vertical resolution measurements. For example 
310-line horizontal resolution is the same as 
310-line vertical resolution, although actually 
310 x 4/3 or approximately 413 details can fit in 
the entire picture width for this case. 
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Fig. 24-30 

As shown in Fig. 24-30, at the top of the wedge 
where its width is 1/5th of H, 5 X 31 lines can 
be resolved, which is approximately 150-line 
resolution. At the bottom of the wedge the 31 
lines occupy 1/10 H, providing 310-line resolution. 
The intermediate markers indicate 200-line and 
300-line resolution for wedge widths that are 
1/6.5 and 1/8 of the distance H, respectively. 

Referring once more to Fig. 24-20, the bottom 
wedge of the test pattern is identical with the 
top one, but instead of number of lines, this 
wedge is marked in frequency to indicate the re-
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ceiver's high frequency response. As an example, 
if the separate lines in the wedge can be resolved 
at the innermost white marker, the horizontal 
resolution expressed in bandwidth is 3.5 mc. 

The horizontal resolution is generally stated 
in terms of bandwidth rather than number of lines, 
because the high frequency response is a limiting 
factor in obtaining the best horizontal detail. In 
order to convert horizontal resolution, in lines, to 
bandwidth in megacycles per second, simply 
divide by 80. Here are some equivalent values: 

BANDWIDTH IN MC. RES. IN LINES 

1.0 
2.0 
3.0 
4.0 

80 
160 
240 
320 

The receiver should show the individual lines 
to the ends of the vertical wedges in the NBC 
pattern, which is approximately 4.0 mc resolution. 

Other Test Patterns. — Of course, not all TV 
stations will use the NBC test pattern. This one 
has been described in detail here, though, because 
it is typical, with its grey scale, circles and 
resolution wedges. You will find that in general 
other patterns are quite similar and can be in-
terpreted in the same way. 
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Two additional patterns often used for testing 
are illustrated by the RMA resolution chart in 
Fig. 24-31 and the RCA Indian Head Pattern in 
Fig. 24-32. These have the following additional 
features not included in the NBC pattern: ( 1) dia-
gonal lines to check interlacing — the lines should 
not be jagged; (2) resolution wedges in the 
corners of the image; (3) the RMA chart ha's a 
gray scale with 10 equal steps; (4) the RMA 
chart has resolution wedges for 7 mc response. 

Fig. 24-32 

These two patterns are not designed so much 
for broadcasting, as for testing video equipment 
at the broadcast station or for laboratory work. 
The resolution requirements of the RMA pattern, 
in particular, are greater than the video frequency 
limit of 4 mc in the standard TV broadcast channel. 

The Indian Head pattern is the image used in 
the monoscope. A monoscope is similar to a 
camera tube, with a fixed picture on its image 
plate, to provide a reference source of video 
test signal for checking equipment. A photo of a 
typical monoscope is shown here in Fig. 24-33. 

Fig. 24-33 

24-5. Video Frequencies. — It is important to 
realize that the wedges in a test pattern represent 
a wide range of video signal frequencies. In the 
NBC pattern, the frequencies producedin scanning 
across the picture information in the wedges 
ranges from about 30,000 cps to 1 mc for the side 
wedges, and 2-4 mc for the vertical wedges. Any 
picture that niay be televised will also contain a 
wide range of video signals ranging from very low 
frequencies to 4 mc. 

Frequencies in the Vertical Wedges. — The 
following simple analogy may help in under-
standing how the vertical wedges represent a 
wide range of high video signal frequencies: 

SECOND - 1 

5 CYCLES/SEC. 

SEC. 

 -truinnr 
10 CYCLES/SEC. 

Fig. 24-34 

When a boy runs a stick across the pickets in 
the trellis shown here, he generates an audible 
signal. The frequency of the sound depends on 
the speed of the stick and the number of pickets 
in a given distance. 

In a corresponding manner, an electrical square 
wave signal is generated by the electron beam as 
it scans across the image of the vertical wedge 
in the test pattern, as illustrated here: 

  5 MICROSEC  .11 

1 \ 

% ELECTRON BEAM 

2 MEGACYCLES 

14- 2.5 MICROSEC.-1 
--uuumninuu-

4 MEGACYCLES 

Fig. 24-35 
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In this particular example, there are 10 black 
and 10 white lines in the wedge, assuming a white 
line at the right-hand side of the wedge, so that 
10 cycles of signal are produced in scanning 
across the wedge. At the top of the wedge, the 
beam will scan the 10 cycles in 5 microseconds, 
if the wedge here is 1/10.6 of the total picture 
width. In one microsecond, therefore, the beam 
scans two cycles, which is a frequency of 2 
million cycles (mc) per second. At the bottom of 
the wedge, which is half the width of the top, 
the beam scans the 10 cycles in one-half the time 
of 5 microseconds, which is 2.5 microseconds. 
In one microsecond, then, the beam scans 4 
cycles, which is a frequency of 4 mc. When the 
beam scans across other points along the wedge, 
the frequencies generated are between 2 mc and 
4 mc. 

The conclusion is, therefore, that high video 
frequencies are needed to reproduce fine hori-
zontal details in the picture. For the NBC test 
pattern, specifically, 2-4 mc response is needed 
to reproduce properly the individual lines in the 
vertical wedges. The ability of the receiver to 
show this horizontal detail depends on the high 
frequency response, including the bandwidth 
characteristics of the r- f, picture i-f, and video 
amplifier stages. 

Frequencies in the Side Wedges. — Although 
it is not customary to indicate vertical resolution 
in terms of frequency response, it is interesting 
to note that the side wedges represent relatively 
low video signal frequencies. If the center line 
in the side wedge extends about V4th of the com-
plete time for one horizontal scanning line, this 
is equivalent to 1/2 cycle of a 30 kc square wave 
signal. The scanning beam crosses the other 
lines in the side wedge at various angles, equi-
valent to a maximumfrequency of about one mega-
cycle. These video frequencies, roughly 30 kc 
to 1 mc for the side wedges, are much lower than 
the 2-4 mc rangerequired for the vertical wedges. 

As aresult, the side wedges can be considered 
to indicate the low frequency response of the re-
ceiver, compared to the high frequency response 
shown by the vertical wedges. The intensity or 
degree of black and white in the horizontal wedges, 
in comparison to the vertical wedges, is therefore 
dependent on the frequency response of the re-
ceiver. If the low frequency response is poor, 
the side wedges may be gray, when the vertical 
wedges are black. When the high frequency 

response is worse than the low frequency response, 
the vertical wedges appear gray, relative to the 
black in the side wedges. This is illustrated here 
for a case of side wedges much weaker than the 
vertical wedges because of poor low frequency 
response. 

Fig. 24-36 

Video Frequency Bandwidth. — We have already 
seen that the high video signal frequencies 
correspond to small horizontal details in the 
picture. Because of the restriction of the standard 
transmission channel, the amount of horizontal 
detail is limited to what can be obtained with 4 
mc response, which is equivalent to 320-line 
resolution in the horizontal direction. This is 
the best horizontal definition possible in the re-
produced picture, with 4 mc bandwidth for the 
receiver response. However, the high frequency 
detail can be worse than 4 mc resolution, as 
illustrated by the test pattern here: 

‘1!tif 
1111111.111 I 

Fig. 24-37 
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Notice the fuzziness in the narrow part of the 
vertical wedge, making it impossible to resolve 
the individual lines past the point of 250-line 
resolution, approximately. Note also that the 
side wedge is " stronger" than the vertical wedge, 
because of the reduced high frequency response. 
In a conventional picture with normal program 
material, this deficiency of horizontal resolution 
would be evident as a loss of detail, reducing 
the clarity of the picture, especially in the edges 
that outline figures in the image. 

Another important question concerning the 
video frequency range is the type of picture 
information that corresponds to very low fre-
quencies. To analyze this problem, imagine that 
we have an all-white frame. The camera signal 
obtained in scanning this image will remain 
white for almost the entire field scanning interval 
of 1/60 second before becoming black with 
blanking. This can be considered as one-half 
cycle of a 30 cps square wave signal since the 

half-cycle is 1/60 second. 

This frequency of 30 cps can be considered 
as the lower limit of the range of video frequencies, 
providing a band of 30 cps to 4 mc. In general, 
the low video frequencies correspond to picture 
information scanned in the vertical direction, 
because the vertical scanning speed is slow com-
pared to horizontal scanning. Also, large areas 
of black or white information in the picture pro. 
duce relatively low frequencies. 

The effect of poor low frequency response in 
the picture i-f or video amplifiers of the receiver 
is illustrated in Fig. 24-36. Notice the "weak" 
side wedges and the variations of shading in the 
relatively large station call letters, 

There are videofrequencies lower than 30 cps, 
but these are usually considered as a change in 
the d-c average brightness level, rather than a 
component of the a-c video signal. To see how 
such low frequency components of the video 
signal are produced, suppose that the stage lights 
in a fixed scene are gradually dimmed and then 
put on again during an interval of one second. 
This would correspond to a signal variation 
having a period of 1 second, which is a frequency 
of one cycle per second. Such a slow signal 
variation, however, is more conveniently con-
sidered as a change in the average brightness of 
the scene, which is a variation of the d-c com-
ponent of the a-c video signal. 

To summarize, the range of a-c video signal 
frequencies is about 30 cps to 4 mc. The lower 
frequencies correspond to picture information 

scanned in the vertical direction, and large areas 
of black or white in the image; small horizontal 
details and sharp outlines correspond to the 
highest video signal frequencies. Those fre-
quencies lower than 30 cps represent slow 
changes in background that can be considered 
as changes in the d-c level of the video signaL 

Harmonic Frequencies. — In discussing the 
video frequencies, we have given examples of 
square-wave signal variations that correspond to 
the original picture information. It is important 
to realize, though, that it will not always be 
possible to reproduce the picture details exactly 
corresponding to those square wave signals. To 
illustrate this idea let us take the example of 
several bars in the image corresponding to a 4 mc 
square wave video signal, as shown here: 

j 1/4 
sec 

ideal signal • 4 mc 

e image 

Fig. 24-38 

Now, since the TV system is limited to 4 mc 
response, which means a 4 mc sine wave, instead 
of the ideal case shown in Fig. 24-38, the actual 
signal and its corresponding picture information 
will be more like this: 

signal 

4 mc 

picture 

ji sec 

LI':Ii 1.1 1 
Fig. 24-39 



Test Patterns 

The reason why the 4 mc square wave signal 
is reproduced in the TV system as a 4 mc sine 
wave is the fact that any square wave consists of 
a sine wave having the same fundamental fre-
quency, plus many higher harmonic frequencies. 
In order to reproduce a 4 mc square wave, there-
fore, the TV system would need sine wave response 
much higher than 4 mc — possibly up to 44 mc for 
a close approximation to the 4 mc square wave. 
This is not possible with the present TVs tanciards, 
which limit the highest video modulating fre-
quency in the transmission channel to approxi-
mately a 4 mc sine wave. 

Any waveform that is not a sine wave, such 
as a square pulse or sawtooth wave, can be re-
solved into components including a sine wave 
with the same repetition rate and fundamental 
frequency as the original wave, plus higher bar.. 
manic frequencies. A square wave consists of a 
sine wave at the fundamental frequency, and an 
infinite number of harmonics that are exactly odd 
multiple frequencies of the fundamentaL For a 4 
mc square wave, as an example, this includes a 
4 mc sine wave fundamental, the third harmonic 
of 12 mc, fifth harmonic of 20 mc, etc. In general, 
nonsinusoidal waves include even and odd har-
monics, but a square wave is a special case 
where the amplitude of all the even harmonics is 
zero. The more complex the signal, or the sharper 
its peaks and valleys, the greater is its number 
of harmonics. 

The more harmonics that the system transmits, 
the more accurately will the shape of the square 
wave be reproduced. Conversely, the lower the 
cutoff frequency of the system, the more harmonics 
that may be lost, which has the effect of rounding 
off the corners of the square wave. If all fre-
quencies above the fundamental are cut off, what 
comes out is a sine wave at the fundamental 
frequency, instead of the square wave. 

The idea of how a sinusoidal wave contains 
harmonic frequencies can be understood a little 
better by remembering how the graph of a square 
wave is built up from its fundamental and har-
monics. This is described on pages 33 and 34 of 
Lesson 17, to which you can refer for reviewing 
this principle of harmonic components. 

Harmonics in the Composite Video Signal. — 
The composite video signal with its camera signal 
variations, blanking and sync pulses, is a complex 
signal containing many fundamental and harmonic 
frequency components. The blanking and sync are 
sharp square pulses, requiring a large number of 
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harmonics for proper reproduction. The camera 
signal variations representing details of picture 
information, with the sharp changes in amplitude 
required for the edges of figures in the picture, all 
require sufficient response for the harmonics of 
the fundamental frequency of the signal variation 
in order to provide faithful reproduction. 

Every component of the television system, 
from the camera tube to the kinescope, must be 
able to pass properly the video frequency band 
of 30 cps to 4 mc, which includes fundamental 
signal variations and their harmonic frequencies. 
Otherwise, the sync and blanking pulses, and 
the signal variations corresponding to the desired 
picture information will not be reproduced properly. 
The entire TV system, including the camera tube, 
transmitter, transmission channel, and the r-f, 
i-f and video stages in the receiver, can be re-
garded as a low pass filter of many stages. Each 
element in the system must pass the required 
band of frèquencies, since the weakest link in 
the chain can be the limiting factor in obtaining a 
good reproduction of the picture. 

Frequency Distortion. — When a circuit does 
not pass all the frequency components of the input 
signal equally well, this is called frequency dis-
tortion. The different frequency components of 
the video signal, whether they are fundamental or 
harmonic frequencies should not be distorted 
because they represent the desired picture in-
formation. Naturally, if some frequencies are am-
plified more than others, this means that the 
amplified output will not be a faithful reproduction 
of the input. 

Frequency distortion is generally a problem in 
connection with amplifying the very low end and 
the very high end of the wide video frequency 
range of 30 cps to 4 mc. When the high video 
frequencies are attenuated this corresponds to a 
loss of the fine horizontal detail, as shown in 
Fig. 24-37. When the very low frequencies are nof 
amplified properly, large areas in the picture are 
not reproduced faithfully, as shown in Fig. 24-36, 
with a smearing effect usually noticeable because 
of phase distortion in addition to the frequency 
distortion. 

Phase Distortion. — You will remember that 
many circuits, including amplifiers, cause a 
phase shift of the output with respect to the input 
signal. This in itself is not necessarily a dis-
tortion of the signal, but if the shift in phase 
angle is not proportional to frequency, there will 
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be phase distortion. The reason why the phase 
angle should be proportional to frequency is the 
fact that this means all the signal frequencies 
will then be delayed by the same amount of time, 
producing an output that is a duplicate of the 

input. 

Here is an example to illustrate how a phase 
angle shift corresponds to time delay. Assume 
that a 100 cps wave has a lagging phase angle 
of 90 °, which is 1/4 of a complete cycle. The time 
for one cycle of the 100 cps wave is 1/100 sec. 
therefore. A lag of V4 cycle corresponds to a time 
delay of 1/4 X 1/100 sec., or 1/400 sec. If a 200 
cps wave, which is a frequency twice 100 cps, has 
a lagging phase angle of twice 90° ,for 180°, this 
represents the same time delay of 1/400 sec. This 
is calculated at 1/2 >< 1/200sec., or 1/400 sec. 

Phase Distortion and the Picture Information. — 
Suppose that for a part of a scanning line, the 
waveshape of the video signal consists of a 
fundamental and third harmonic frequency like 
this: 

black 

gray 

white 

This shows the two components separately, 
and their sum as the darker line, which is the 
resultant video signal corresponding to the desired 
information. Notice the distribution of black in-
formation at the left side of the line, and white 
on the right. 

Now suppose that an amplifier shifts the third 
harmonic frequency component by 90°, while 
there is no shift for the fundamental, which is a 
non-linear shift in phase angle and non-uniform 
time delay for the two components. The resultant 
distortion of the waveshape and the picture in-
formation it represents is shown in Fig . 24-41. 
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Fig. 24-41 

Notice that one of the maximum black peaks, 
and one for white also, are lost. Furthermore, the 
position of the two remaining black and white 
peaks has been shifted, slightly to the left. If 
you look carefully at Fig. 24-41 you can see that 
the black area has a leading and a trailing smear, 
corresponding to the new amplitude values in the 
distorted signal, just before ana after the black 
peak. 

It appears, then, that the nonuniform time 
delay due to phase distortion has the effect of 
putting picture information in the wrong places in 
the picture reproduction. Since the picture elements 
are reproduced in sequential order, and the lines 
are scanned successively, a shift in time corre-
sponds to a change of distance in the reproduced 
image. This is why the phase angle response of 
the video signal amplifiers in the TV receiver is 
so important in obtaining a good, clear picture. 

TELEVISION CARRIER FREQUENCIES 

24-6. The picture information is transmitted to 
the receiver by varying the amplitude of a high 
frequency carrier wave. As shown below, the 
carrier variations in amplitude provide an envelope 
that corresponds to the composite video signal. 

Fig. 24-42 
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NegativeTransmission.— Notice that maximum 
amplitude of the carrier is produced by the tip of 
sync, and minimum carrier amplitudes correspond 
to white picture information in the composite 
video signal. This method of modulating the 
picture carrier, where the carrier amplitude is 
reduced for white picture information is called 
negative polarity of transmission, or simply 
negative transmission. All commercial television 
broadcast stations follow the FCC standard, so 
that a television receiver can be tuned to any 
station and receive the video signal in the same 
polarity. 

The polarity of transmission depends upon the 
polarity of the video signal modulating the picture 
carrier at the transmitter, which is chosen to make 
the sync pulses produce maximum carrier output 
from the modulated r-f amplifier. The modulated 
picture carrier signal then has the standard char-
arteristic of negative transmission. This refers 
only to the modulated picture carrier, though. The 
composite video signal obtained in the receiver 
by detecting the modulated carrier can have either 
negative or positive polarity with respect to the 
chassis ground, depending on the detector circuit. 
Furthermore, the polarity of the composite video 
signal can be reversed in the video amplifier, 
since the output of each stage is an inverted 
replica of the input signal. The composite video 
signal coupled to the kinescope grid, however, 
will have the polarity required to make the black 
level voltage drive the instantaneous grid voltage 
to cut off, while the white parts of the signal 
vary the voltage in the positive direction, to re-
produce the image with the correct picture phase. 

Comparison of Negative and Positive Trans-
mission. — The arbitrary nature of the modulation 
polarity can be seen from the fact that in France 
and England positive transmission is used. In 
this type uf picture signal, the whitest parts of 
the picture produce maximum carrier amplitude, 
while the tip of sync is the lowest amplitude of 
the carrier wave. Since various countries use a 
different polarity of modulation, it is apparent 
that there must be factors favoring both methods. 

The primary advantage for positive trans-
mission is that ignition noise produces less in-
terference with synchronization. This is due to 
the fact that in a positive transmission system the 
carrier amplitude is usually high with white 
picture information at the time preceding the 
synchronizing pulses, when the noise pulses can 
easily interfere with synchronization. However, 
the automatic frequency control circuits now 

generally used for the horizontal deflection os-
cillator in the receivers are not sensitive to 
noise, so that this is not a critical factor, In 
fact, with automatic synchronization, the picture 
generally holds together on weak signals well 
enough to sync the picture when the image is 
actually too snowy to be usable. 

On the other hand, negative transmission has 
several important advantages. Ignition-noise in-
terference is less noticeable in the picture when 
negative transmissionis used because an increase 
in carrier amplitude, which is generally the effect 
caused by the interference makes the picture 
darker. Also, the constant pedestal level at 75% 
of the peak carrier level in the negative trans-
mission system can serve as a source of control 
voltage for a-g-c in the receiver more conveniently. 
The final, and probably most important advantage, 
is the increased transmitter efficiency when 
negative transmission is used. The reason for 
the greater efficiency is the fact that the carrier 
amplitude is generally low with white picture 
information and less power is radiated for a large 
part of the modulation cycle. In addition, maximum 
transmitter output is obtained for the tip of the 
sync pulses, where distortion is not as much a 
problem as it would be for white picture infor-
mation. Because of these factors, negative polarity 
of transmission is the standard in this country. 
All commercial TV broadcast stations transmit 
an AM picture carrier signal having the charac-
teristics shown in Fig. 24-42. 

The Modulation Envelope. — Referring to 
Fig. 24-42 again, you can see that the amplitude 
variations of the modulated carrier wave provide 
an envelope corresponding to the modulating 
composite video signal. It is important to realize 
that the so-called modulation envelope does not 
actually exist as a part of the carrier wave, but 
is merely an imaginary line we could draw through 
the peaks of all the r-f cycles to describe their 
amplitude variations. It would really be two lines, 
one through the negative peaks and the other 
through the positive peaks of the r-f cycles. 

The envelope is symmetrical and is the same 
for both the negative and positive halves of the 
r-f carrier wave. Because of this symmetry, the 
envelope has approximately equal positive and 
negative values at the same time, which accounts 
for the fact that the envelope is not a component 
of the carrier wave. Effectively, then, the high 
frequency r-f wave acts as a carrier for the lower 
frequency modulating signal, just as we could 
say a knife is the carrier of sharpness. 
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At the receiver, the detector rectifies the 
modulated r-f carrier. Output is obtained for only 
the positive or negative half of the r-f waves, 
according to the rectifier circuit used, providing 
signal that does include the modulation envelope 
as a part of the rectified output because the 
envelope is no longer symmetrical. That is why 
a modulated r-f carrier wave must be detected to 
recover the desired signal. Either polarity of the 
r-f signal provides the same envelope of amplitude 
variations. 

Sidebands. — The next problem is to see how 
sideband frequencies are related to an amplitude 
modulated carrier, as this will clarify the question 
of the bandwidth requirements for the modulated 
picture signal. You may ask how additional side-
band frequencies can be produced in amplitude 
modulation. The fact of the matter is, though, that 
additional frequencies are generated when the 
carrier amplitude is changed by modulation. This 
can be proved either experimentally or mathe-
matically but we shall content ourselves with 
the fact itself. After all, each individual cycle 
gf the r-f carrier must be altered by modulation 
as the amplitude is varied by the modulating 
voltage. There is a change in the rate of increase 
or decrease for each cycle of the r-f wave, as a 
result, which is equivalent to adding new fre-
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quencies to the carrier signal. Since the changes 
are produced by the modulating voltage, the new 
frequencies differ from the carrier frequency by 
an amount equal to the frequency of the modulating 
signal. 

The relation of the carrier to the side fre-
quencies generated by modulation is illustrated 
in Fig. 24-43, which for the sake of simplicity 
shows a signal with a single frequency of 5 kc 
as the modulating voltage for a 1 mc carrier. 

The amplitude modulated 1 mc carrier wave 
actually consists of the unmodulated carrier 
wave, plus an upper side frequency of 1.005 mc 
and a lower side frequency of 0.995 mc, each 
side frequency differing from the 1 mc carrier 
frequency by the 5 kc audio modulating frequency. 
The sum of these three components is identical 
with the amplitude modulated carrier wave — a 
fact you could establish, if you have the patience, 
by adding the instantaneous values of three com-
ponents graphically point-by-point. 

As another example of side frequencies, let's 
assume that a 4 mc sine wave signal modulates 
a 100 mc carrier. In this case the side frequencies 
produced will be 104 mc and 96 mc, in addition 
to the 100 mc carrier. For a video modulating 
frequency of 015 mc, the side frequencies will be 
100.5 mc and 99.5 mc. 

Fig. 24-43 

carrier 

amplitude modulated carrier 



Television Carrier Frequencies 

If there is still any question about whether 
the modulated carrier signal is the carrier with 
its amplitude variations, as shown at the right in 
Fig. 24-43, or is the untncdulated carrier plus the 
pair of side frequencies shown at the left, the 
answer is that the two signals are the same. It's 
like deciding whether five is four plus one, or 
three plus two. Both are merely different ways of 
expressing the same thing. However, the sideband 
concept indicates the band of frequencies needed 
to accommodate the AM carrier wave. 

For each of these examples, using a single 
modulating frequency, you should note that there 
is just the one pair of side frequencies. There is 
no continuous band of side frequencies, unless a 
band of frequencies is used for modulation. When 
the modulating voltage is a complex signal, like 
typical audio or video signal, it contains a wide 
band of frequency components, each producing a 
pair of side frequencies. With a complex modulating 
signal, therefore, the result is a band of side fre-
quencies, called the sidebands. The band in-
cluding the side frequencies higher than the carrier 
frequency is the upper sideband, while the lower 
side band contains the lower side frequencies. This 
is illustrated here for the case of a band of fre-
quencies from 0 cps to 5 kc modulating a 1 mc 
carrier. 

low« 
aids lneguswey 

mttou 
side frequebecy 

corder 

/me 

Fig. 24-44 

There is a big difference between the side-
bands and the envelope of the modulated carrier 
signal. The envelope is an imaginary duplicate 
of the modulating voltage, which may be the 
audio in a sound system or the composite video 
in the picture signal. The envelope frequencies, 
which are the modulation frequencies, are much 
lower than the carrier frequency, and are not 
present in the modulated wave. 

The sidebands consist of r-f side frequencies 
of constant amplitude that are close to the carrier 
frequency, and are actually components of the 
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modulated wave. Adding the two sidebands to 
the unmodulated carrier, however, provides the 
modulated carrier with its envelope of amplitude 
variations. 

Energy of Sidebands. —Now we can see that 
without the sideband components there is no am-
plitude modulation, and vice versa. If the trans-
mission channel, or the receiver bandwidth, 
accomodates only the carrier frequency, the in-
telligence in the modulated signal is not received. 
for all of the modulating information is contained 
in the sidebands. There is no intelligence in the 
unmodulated carrier itself. 

Notice that the side frequencies are shown in 
Fig. 24-43 with one-half the amplitude of the 
carrier. This is done because with 100% modulation 
the amplitude of each side frequency component 
is half the unmodulated carrier amplitude. All 
the energy of the modulating signal is in the 
sidebands, with each sideband having one-half 
the modulation power. Because the upper and 
lower side frequencies differ from the carrier 
frequency by the same amount, and each has the 
same amplitude, each contains the sane infor-
mation about the modulating signal. 

Single Sideband Transmission. — It is possible, 
therefore, to use only one of the sidebands, with 
the carrier, to transmit the modulating information. 
Such a system is called single sideband trans-
mission .When only one sideband is added to the 
unmodulated carrier wave, the result is an am-
plitude modulated carrier similar to what is pro-
duced with double sideband transmission, but 
with only one-half the effective modulation, 
approximately. Both sidebands must be generated 
by the modulation process but in practice one 
sideband can be filtered out before transmission. 

This system of single sideband transmission 
can be, and is, used to transmit intelligence, 
since the modulating voltage is still present as 
anamplitude variation of the carrier, Its advantage 
is that only half the normal bandwidth is required; 
the disadvantage is that half the energy of the 
modulating signal is wasted. 

In single sideband transmission, the envelope 
is still symmetrical above and below the carrier. 
Either the positive or negative half can be used 
for the detector to obtain the desired signal, just 
as in conventional double sideband transmission. 
Remember this process of single sideband trans-
mission because it will be helpful in under-
standing the arrangement used for transmitting in 
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a 6 mc channel the picture signal modulated with 
composite video signal having frequency com-
ponents up to 4 mc. 

Television Channels. — Because of the need 
for a wide transmission channel to accomodate 
the sidebands produced by modulation, the picture 
carrier frequencies are in the VHF range of 30-
300 mc. The bands of 54-88 mc and 174-216 mc 
are allocated by the FCC to include commercial 
television broadcast stations. As shown in the 
table below, there are five channels designated 
as Channels 2 to 6 in the low band of 54-28 mc, 
and seven channels designated as channels 7 to 
13 in the high band from 174-216 mc. There used 
to be a channel 1 (44-50 mc) allocated for TV 
broadcasting, but this has been assigned to other 
services, so that only twelve of the original 
thirteen channels are in use now. Rather than 
change all the channel numbers, the old numbers 
were retained, starting with Channel 2. 

low - band 

of population and geographical location. For 
instance, there may be only one channel in a 
community like Altoona, Pa., tour in a city the 
size of El Paso, Texas, up to a maximum of seven 
in a densely populated section such as the Greater 
New York area, Chicago, or Los Angeles. 

Channels that are adjacent in frequency, such 
as Channels 2 and 3, are not assigned to the 
same city but are separated by a minimum distance 
of about 100 miles between stations, to minimize 
adjacent channel interference. Those channels 
adjacent in number but not in frequency, like 
Channels 4 and 5, or 6 and 7, can be assigned to 
the same city, however, as there is little danger 
of interference between stations in sucha case. 

There is a skip in frequency between some of 
the TV channels because other radio services 
need their share of the radio frequency spectrum. 
The 72-76 mc band is allocated for non-government 
fixed and mobile equipment such as aeronautical 

TABLE 1 TV CHANNELS 
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Twelve channels are not enough for the ex-
panding television broadcast service and the FCC, 
therefore, has proposed 42 additional channels, 
in the UHF band, starting either at 470 or 500 mc. 
These would be standard 6 mc channels for black-
and-white pictures transmitted by commercial TV 
stations. Many field tests have been made in this 
frequency spectrum formerly allocated to ex-
perimental television broadcasting, and it appears 
likely that this band will be used for more TV 
channels, although there are additional problems 
in field strength and ghosts at these Ultra-High-
Frequencies . More about this in Sec. 34-9. 

Each station must secure a license trom the 
FCC before starting operation in a specified 
channel. Only a limited number of stations are 
licensed in any one area, the FCC following 
certain more or less definite rules in making its 
allocations. Channels are assigned on a basis 

markers, police and fire radio services. The 88-
108 mc band is allocated to FM broadcast stations. 
Frequencies from 108 mc to 174 mc are used for 
aeronautical navigation and various government 
services. 

24-7. The Standard Television Channels. 
The way that the assigned channel is used by a 
TV broadcast station is illustrated by the response 
curve shown here: 
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Television Carrier Frequencies 

This is not a picture of the transmitted signal, 
but only indicates the relative output of the trans-
mitter for the different frequencies in the 6 mc 
band. Notice that provision is made for trans-
mitting both the picture signal and the associated 
sound signal in the common 6 mc channel. 

Referring to Fig. 24-45, it shows that the 
picture carrier frequency is 1.25 mc above the 
low frequency end of the channel, while the sound 
carrier frequency is 0.25 mc below the high end 
of the channel. Every TV channel has this stan-
dard construction with a constant difference of 
4.5 mc between the two carrier frequencies. This 
4.5 mc separation is accurate because the fre-
quency of the transmitted carrier, either picture 
or sound, is held within the close tolerance of 
± 0.002%. 

As examples of the standard carrier frequencies, 
for Channel 4 (66-72 mc), the picture carrier is 
125 mc above 66 mc, which is 67.25 mc, while 
the sound carrier is 71.75 mc; for Channel 13 
(210-216 mc) the picture carrier is 211.25 mc and 
the sound carrier is 215.75 mc. This structure 
applies to all TV channels, so that if you know 
the frequencies allocation of the channel you can 
always figure out its picture and sound carrier 
frequencies. 

Frequency modulation is used to transmit the 
associated sound signal. The details of FM will 
be discussed in a later Lesson, but for now we 
can point out that the band of frequencies needed 
for the television FM sound signal is 50 kc. This is 
only a small part of the 6 mc TV channels, most 
of which is occupied by the sidebands produced 
by video modulation of the picture carrier. 

Vestigial Sideband Transmission. — The 
modulated picture carrier is not transmitted as a 
normal double sideband signal. Instead, a part 
of the lower sideband is filtered out, giving the 
effect of single sideband transmission for the 
higher video modulating frequencies, while double 
sideband transmission is used for the lower video 
frequencies. This is done in order to reduce the 
bandwidth required for the transmitted picture 
signal. 

Referring to Fig. 24-45 again, it is shown that 
there is room in the 6 mc channel for upper side-
band frequencies that extend as much as 4 mc 
above the picture carrier frequency. This means 
that for the upper sideband video modulating fre-
quencies as high as 4 mc can be transmitted in 
the channel. For the lower sideband, however, 
below the picture carrier the low frequency end 
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of the channel is reached and we begin to get 
into the lower adjacent channel. It is necessary, 
therefore, to filter out most of the lower sideband 
in order tokeepthe signal within the 6 mc channel. 
This must be done for the lower side frequencies 
produced by video modulating frequencies higher 
than 1.25 mc. 

To make this more specific, let's take a couple 
of numerical examples. Suppose that there is a 
single video frequency of 3 mc modulating the 
picture carrier of Channel 4, which is 67.25 mc. 
The upper side frequency produced in 70.25 mc, 
which is well within the range of the channel 
allocation. The lower side frequency produced 
is 64.25 mc. This is outside the assigned channel 
and has to be eliminated from the transmitted 
signal. To take another example, suppose that 
the video modulating frequency is 0.5 mc. In this 
case, the upper and lower side frequencies of 
67.75 mc and 66.75 mc are both within the assigned 
channel and will be transmitted. 

This method of transmitting the picture signal 
is called vestigial sideband, or semi-single 
sideband transmission because it is neither con-
ventional double sideband, nor completely single 
sideband transmission, with only a vestige, or 
small part of the lower sideband transmitted. 

The advantage of using vestigial sideband 
transmission for the picture signal is the fact 
that video modulating frequencies as high as 4 
mc can be used without exceeding the channel 
limitations. If conventional double sideband 
transmission were used the highest video modu-
lating frequency would be limited to less than 3 
mc, with a corresponding loss of horizontal detail 
in the reproduced picture at the receiver. Even 
with the vestigial sideband transmission though, 
the highest video modulating frequency thar can 
be transmitted in the 6 mc channel to the receiver 
is approximately 4 mc because the sideband fre-
quencies must be within the channel and must 
not interfere with the sound signal. It is important 
to realize that the restriction of the 6 mc standard 
channel is the only reason for the 4 mc limitation 
on high video frequencies and the corresponding 
horizontal detail. 

It might seem that single sideband transmission 
should be used completely, putting the picture 
carrier at the lower edge of the channel and using 
practically the entire 6 mc width for the upper 
side frequencies. This is not feasible, though, 
because of practical difficulties. The lower side 
frequencies that are outside the channel can be 
removed at the transmitter by a vestigial sideband 
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filter that rejects the undesired frequencies. 
Alternatively, the transmitter can be tuned to 
eliminate the frequencies not wanted. In any 
case, it is difficult to remove the undesired lower 
side frequencies without eliminating the picture 
carrier itself, or producing excessive phase dis-
tortion of the picture carrier. As a result, if single 
sideband transmission were used completely 
there would be excessive phase distortion of the 
picture signal The practical compromise, there-
fore, is to use vestigial sideband transmission, 
where the picture carrier itself and the sideband 
frequencies close to it are undistrubed and trans-
mitted as a normal double sideband signal, while 
the lower side frequencies that differ from the 
carrier by 1.25 mc or more are filtered out. 

Compensating For the Vestigial Sideband 
Transmission. — Speaking about single sideband 
transmission a few paragraphs back we said that 
when only one side frequency is transmitted 
along with the carrier wave the result is an am-
plitude-modulated signal having only 50% modu-
lation, compared to 100% modulation with both 
sidebands. Considering the transmitted picture 
signal now, both sidebands are transmitted for 
video modulating frequencies up to about one 
megacycle while only one sideband is transmitted 
for higher video frequencies. As a result, there 
is a higher percentage of modulation for the 
lower video modulating frequencies because 
these are transmitted as normal double sideband 
signals. 

This is effectively a boost for the low video 
frequencies. It constitutes distortion of the video 
modulation, since the low frequencies are given 
disproportionately greater response — not because 
of picture information, but simply because of the 
method of transmission. 

This frequency distortion is corrected in the 
television receiver, however. You will see later 
in the course that in aligning the picture i-f am-
plifier stages of the receiver, the picture carrier 
intermediate frequency is made to fall on the 
sloping side of the overall i-f response curve 

about half way up, as shown in Fig. 24-46. 

The receiver's response is about 50% for the 
picture carrier; it is less for the lower side fre-
quencies, approaching zero at 1.25 mc above the 
carrier. Remembering now that half the energy of 
any particular video modulating frequency is in 
each side frequency, we can see that the same 
effect has been obtained as though only the upper 
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Fig. 24-46 

sideband were transmitted, and no more. It works 
like this. Taking a video frequency of 0.5 mc as 
an example, the response for the lower side fre-
quency, 0.5 mc below the carrier, is about 25%. 
The receiver response for the upper side frequency 
is about 75%. Adding the two together, we have 
the same energy for this videofrequency as though 
the receiver accepted 100% of the video energy 
in one sideband only, as it does for the higher 
video frequencies. 

As a result, the receiver accepts the same 
proportion of energy from each frequency com-
ponent of the video modulating signal, and the 
frequency distortion due to vestigial sideband 
transmission is corrected. 

COLOR TELEVISION 

24-8. — The Federal Communications 
Commission (F..C.C.) has authorized for 
commercial broadcasting a system of color 
TV which is usually referred to as the 
"mechanical system". The one other color 
TV system that has received the most at-
tention is an all-electronic system. We 
shall outline here the main features of 
these two systems; the details of color 
television will be explained in a later 
lesson. 

Mechanical Color TV. — The so-called 
mechanicalsystem is, in reality, a combi-
nation of our present electronic black and 
white television, plus a mechanically ro-
tating wheel or drum. This wheel is a thin 
round disc containing transparent color 
sections, as shown in Fig. 24-47. 
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The colors are the three primaries — 
red, blue and green. The wheel is rotated 
in front of the kinescope screen, between 
the screen and the person viewing it, to 
produce the required color in the picture 
at the receiver. A similar color wheel is 
rotated in front of the transmitter's camera 
tube. 

The movements of the transmitter's 
color wheel and the receiver's wheel are 
synchronized so that when the red section 
is in front of the camera tube, the corre-

sponding color, red, must be in front of the 
kinescope. The same is true for the blue 

and green colors. 

When the red filter section is before the 
camera tube, it allows only light from the 
red objects in the picture to produce signal 
output. At this same time, the red filter 
is before the kinescope screen, and any 
reproduced objects will appear red. When 
the blue filter is before the camera tube, 
only blue objects can reach the tube. The 
blue filter in front of the kinescope screen 
will now cause any reproduced objects to 
appear blue. The same is true for green. 

All colors are a combination of one or 
more of the primaries. Any secondary or 
combination color, which contains some 
blue and some green, for instance, will first 
get its blue component through to the cam-
era tube, and then later, its green component 

through . 0n the kinescope screén it will 
first appear as blue and then as green. 
Since the color wheel rotates fast enough, 
The color sequence is so rapid that the eye 
superimposes the blue-appearing object 
on top of its later green appearance to re-
produce its normal combination color. 

Electronic Color TV. — The all-elec-
tronic color TV system at the present time 
uses a picture tube having a screen made 
of three different fluorescent materials. 
Each will glow a different color when ex-
cited by an electron beam. This tube is 
called the tri-color kinescope. Its screen 
consists of tiny fluorescent dots arranged 
in thousands of triangular groups, each 
little group of three comprised of a green-
emitting phosphor, a red-emitting phosphor 
and a blue-emitting phosphor. The tri-color 
tube neck contains three separate electron 
guns. Due to the angles that these guns 
shoot electrons onto the screen, each one 
of the electron beams always strikes one 
particular series of color-emitting dots. 
The beam that always hits the green dots 
is called the " green electron beam', the 
one that hits the red dots is the " red beam," 
and the other would be the blue beam. 

The transmitter requires three camera 
tubes each having a color filter. One camera 
tube gets only the red parts of the picture; 
the second only the blue, and the third, 
only the green. An electronic switching 
mechanism selects the output signal from 
each camera tube, one at a time. The three 
color video signals are then transmitted 
to the receiver. 

In the tri-color tube at the receiver the 
the three electron guns are turned on for 
each color. When the red camera tube's 
signal is transmitted, the red electron 
beam is turned on. This will produce the 
red picture details. When the blue camera 
tube's signal is being transmitted, the 
blue electron beam is turned on to produce 
the blue picture details, the same action 
takes place for green. 

Since the individual colordots are very 
tiny, and the different color pictures follow 
each other onto the screen rapidly, our eyes 
blend them together to form a natural color. 
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Compatibility. - The electronic system 
is a compatible system. This means that 
the present black and white TV receivers 

can continue to work in black and white 
even on a color TV broadcast. 

This occurs because both black-and-
white television and the electronic color 

system use the same basic standards: 
number of lines in the picture, and the hori-

zontal and vertical scanning frequencies. 

The mechanical color w heelarrangement 
is not compatible with the scanning stand-
ards for black-and-white pictures because 
mechanical color TV system uses 144 cps 
and 29,160 cps as the vertical and hori-
zontal scanning frequencies. 

UHF TELEVISION CHANNELS 

24-9. - At the present time there are 

only 12 channels assigned to commercial 
television broadcasting. These are chan-
nels 2 to 13, in the Very High Frequency 
(VHF) band. Of these, only seven channels 
can be used in any one area, due to the 
possibility of interference between ad-
jacent channels. Because of the demand 
for additional channels for television, the 
Federal Communications Commission has 
announced that many new channels will 
be opened in the near future. These new 
channels will use frequencies from either 
470 Mc, or 500 Mc, to 890 Mc, in the Ultra 
High-Frequency (UHF) band. The F.C.C_. 
plans on licensing many new stations in 
the new channels, which will be numbered 
14 to 65 inclusive, to provide 52 new chan-
nels. 

When this UHF television becomes a 

reality many TV receivers will require a 
converter unit to be added, to enable the 
set to receive the new channels. Several 
companies have converter units which use 
continuous tuning to pick up any one of the 
52 new channels. 

To receive the UHF channels the in-
coming signal would heterodyne, or beat, 

with the output of the oscillator stage in 
the converter. The beating of the two fre-
quenciestakes place in a mixer stage which 
is also part of the converter unit. The dif-
ference frequencies could be fed to the 
receiver's antenna input terminals. By ad-
justment of the converter's oscillator fre-
quency the beat frequencies could be the 
same as one of the unused lower television 
channels in that area. The receiver would 
be tuned to that unused channel to operate 
on the UHF channels with the converter. 

For example: suppose that channel 3 
(60 to 66 MC) is not used in some particular 
area, as in New York City. The picture 
carrier frequency for Channel 3 is 61-1/4 
mc. The sound carrier frequency for chan-
nel 3 is 65-3/4 mc. Let's keep these two 
frequencies in mind.The receiver tuned to 
Channel 3 will be able to pick up these 
signals. Now suppose that the desired UHF 
station has a frequency range of 500 to 

506 mc. Its picture carrier frequency will 
be 501-1/4 mc., and its sound carrier at 
505-3/4 mc. If the converter's UHF oscil-
lator is operating at 440 mc., then both 
carriers will beat with the UHF oscillator's 
signal in the mixer stage • 

The result will be two new beat fre-
quencies. One will be the difference be-
tween the UHF video carrier ( 501-1/4 mc.), 
or 61-1/4 m c. 

The second will be the difference be-
tween the UHF sound carrier ( 505-3/4 mc.) 

and the UHF oscillator (440-mc.), or 
65-3/4 mc. 

Note that these two beat frequencies, 
61-1/4 and 65-3/4 mc., are the same that 
the receiver needs when operating on Chan-
nel 3. The converter unit then simply 
changed the UHF station frequencies to 
those the receiver is capable ot handling. 

The receiver itself then beats these 
signals against its own local oscillator 
to produce still lower frequencies for the 
i-f stages of the receiver, in the same way 
that the receiver would operate for a 
station on Channel 3. 
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FUNCTIONS OF A TV RECE I VER 

25-1. — In this lesson, we are going 

to explain how to localize troubles in a 

TV receiver, to a specific section of the 

of the receiver. However, before we can 

actually do any troubleshooting, we must 

know something about the general opera-
tion of a TV receiver. Therefore, we begin 

this lesson by studying the receiver in 

block diagram form. Following this, we 

shall study the principles of the super-

heterodyne receiver circuit. Then we shall 

go into the principles of troubleshooting. 

Basic Functions. — Every television 

set must perform several basic functions 

if it is to reproduce the picture and sound 

sent out from the transmitter. In order to 

perform these functions properly, certain 

information must be fed into the receiver 

via the antenna and transmission line. 

The type of signal information we are 

most concerned with at this time may be 

divided into the following three sections: 

1. Sound signals 

2. Picture Signals 

3. Synchronizing signals 

The three signals just mentioned are 

acted upon by the receiver in the following 

general manner. The picture signals are 

amplified and detected and finally arrive 

at the control grid of the kinescope. The 

sound signals are amplified and detected 

and eventually reproduced by the loud-

speaker. The synchronizing signals are 
amplified, detected, and separated. They 

are then fed to the vertical and horizontal 

deflection circuits. 

When the signal comes down the trans-

mission line into the TV receiver, the 

receiver must perform certain operations 

upon this signal to make it usable in re-
producing a television program. These 

operations may be listed as follows: 

a. One television channel must be selected. 

b. The sound signal must be separated from the picture 

signal. 

c. The sound and yit_ we signals must be amplified, 

detected and fed to their proper sections. 

d. The synchronizing signals must be separated from 

the picture signal. 

e. The vertical and horizontal synchronizing signals 

must be separated and fed into theirproper channels. 

The above operations must be performed 

on the transmitted television signals by 
any television receiver regardless of its 

design. In order to appreciate more fully 
how the receiver performs such operations, 

we are next going to study a typical tele-
vision receiver in block diagram form. 

BLOCK D IAGRAW OF THE TV RECEIVER 

25-2. — A simplified diagram of a TV 
receiver is shown in Fig. 25-1 on the next 
page. 

The first block we come to is labelled 

"antenna and line". This represents the 

particular television antenna in use and 

the transmission line connecting the an-

tenna to the receiver. These are necessary 

to intercept the television signals and 

deliver them to the receiver, with mini-

mum losses. The transmission line con-

nects directlyinto the r-f section of the 
receiver. 

R-f Section.— The r-f section performs 

one of the most important operations in 

the receiver. Its function is to select the 

one desired channel. 

Entering the r-f section, the first 

circuit the signals encounter is an im-

pedance matching network which matches 

the transmission line impedance to the 

receiver input. In many TV receivers, 
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this network is so arranged as to be able 
to match either a 300 ohm parallel wire 

line or a 72 ohm coaxial line. 

The block labeled " r-f section" ac-

tually contains the circuits for three 
stages. These are; (a) the r-f amplifier, 

(b) the oscillator, and (c) the converter. 
The r-f amplifier is the first stage that 
the signal enters after passing through 

the impedance matching network. This 
stage contains a vacuum tube amplifier 

and tuned circuits for each television 
channel. Tuning, in most receivers, is 

accomplished by switching methods that 

change the tuned circuits for each channel 

The tuning of all three stages of the r-f 

section is accomplished simultaneously 
with the operation of the channel selector 
switch. A " fine tuning" control is also 
provided in many sets for vernier adjust-
ments within each channel. 

In summary, then, the r-f section se-
lects one channel, amplifies the desired 

sound and picture signals, while providing 

horizontal 
81111 

circuits 
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51/101, 

Circles 
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101 

some rejection of undesired signals . 

Picture 1-f Amplifier. — After the de-
sired channel has been selected by the 

r-f section, it is next fed into the picture 

intermediate-frequency amplifier section. 
While these are commonly referred to 
as picture i-f's, it has become common 

practice to also amplify sound signals in 
one or two stages of the picture i-f section. 

Basically, the function of the picture i-f 
section is to amplify the picture (and 
sync) signals to a level suitable for de-

tection. However, as already mentioned, 
some amplification of sound signals may 

also take place in a portion of the picture 

i-f amplifier. 

In certain TV receivers known as "Inter-
carrier sound" receivers, the sound and 
picture i-f signals are both amplified in 

the same i-f amplifiers. The details of 
this system will be discussed in a later 

lesson. 
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At this point in the receiver, we have 
present the signals from one channel 
containing both sound, picture, and sync 
information. It is now necessary to separ-

ate the sound signal from the picture 

signal, so that they may be separately 
amplified, detected and reproduced. In 

many receivers the actual separation may 

not occur until after the second picture 
i-f stage. Both picture and sound i-f 
carriers and sidebands are amplified in 

the first two picture i-f amplifiers in 
such receivers. In the 630TS type receiver 

the sound is separated from the picture 
signals immediately following the r-f 
section and preceding the first video i-f 
amplifier. In the first case, where the 
sound is taken off after the second pic-
ture i-f amplifier, this method results in 
the saving of one sound i-f amplifier 
stage. In either case, the sound inter-

mediate-frequencies are separated from the 
picture i-f by means of a sharply tuned 
circuit which is resonant to the sound i-f 
frequency. In our block diagram this circuit 

is included in the block labeled, " sound 
ta ke-off". 

The picture and sync information is 

amplified in the picture i-f amplifiers. 
This consists of three or four separate 

amplifier stages which are properly ar-
ranged to pass the full bandwidth required 
for the picture information. The need for 
considerable amplification of the received 
waves can be seen if we realize that the 
signal fed to the receiver from the antenna 

may be in the order of 1/1000 of a volt 
or less, and the picture signal required to 

drive the kinescope may have to be about 
50 volts. A large percentage of this ampli-

fication is obtained in the i-f stages. 

Video Detector. — After the picture 

signal goes through the i-f stages it must 
be demodulated. In the i-f stages the sig-
nal is a modulated radio frequency wave, 
although the original frequency has been 
reduced to that of the intermediate fre-

quency(i-f). Demodulation is accomplished 

in the video detector following the picture 

i-f stages.The function of this detector is 
to extract thepicture and signal information 
from the modulated i-f carrier signal that 
has been amplified by the previous i-f am-
plifier stages. 

Video Amplifier. — The magnitude of the 

output signal from the video detector is 
about 5 volts. Although the form of the 

signal is suitable for application to the 
kinescope grid, the amplitude is too small 
since we need about 50 volts. Therefore, 
additional amplification is required be-
tween the video detector and the grid of 

the kinescope to bring the video signal up 
to the required magnitude. T his is provided 
by the video amplifier. This circuit gen-
erally consists of a specially compensated 
R-C coupled amplifier. This amplifier is 
similar to an audio amplifier. However, an 
unusually wide frequency range must be 

covered - from about 30 cycles to 4 mega-
cycles - so that there is no distortion of 

picture information. Compensation for 
both low and high frequency response is 

provided by means of R-C networks and 
inductances. The polarity of the video 
signal fed to the kinescope grid must be 
such that the blanking and synchronizing 
pulses drive the grid in the negative 
direction. The blanking pulses must drive 
the kinescope grid below cut off so that 
the scanning retrace lines will not be 
visible. With two stages of video ampli-
fication there is a total phase inversion 
of 360 degrees, which means that the out-
put signal of the second stage is of the 
same phase as the input signal to the 
first stage. The output of the video de-

tector must be of negative sync phase. If 

only one stage of video amplification is 

used, the output of the video detector 
must be of positive sync phase, since a 

reversal of 180 degrees through the one 
stage provides the kinescope grid with 
negative sync signals. 

D-e Restorer. — A circuit called a 
d-c restorer is incorporated into some 
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receivers. As you can see in the block 
diagram, the d-c restorer is placed between 

the video amplifier output and the kine-
scope grid. The purpose of the d-c re-

storer is to insure that the average picture 

brightness is correctly reproduced on the 
kinescope. 

The average value of the picture signal 
is a d-c value which represents the average 

brightness of the transmitted scene. This 
d-c level may be inserted in the modulator 
of the television transmitter and effectively 
radiated with the signal. The d-c level is 
preserved through all of the r-f and i-f 

stages of the receiver and is also present 
in the output of the video detector. How-
ever, if any coupling condenser is present 
anywhere in the circuits between the video 

detector and the kinescope grid, the d-c 
level is lost and the scene brightness 

may not be correctly reproduced. In re-
ceivers using d-c restorer circuits, these 
usually consist of a diode rectifier and 

associated R-C circuits. The action of 
the restorer is to line up the blanking and 
sync pulses at a common level regardless 
of scene brightness and thus re-insert the 

original d-c value as it appeared at the 
transmitter. Some receivers are so de-
signed that no coupling condenser appears 
after the video detector. In such cases a 

d-c restorer is not needed since there is 
no loss of the d-c level. Such receivers 
incorporate video amplifiers which are 
said to be direct-coupled, or d-c coupled. 

Kinescope. — After d-c re-insertion, 

(when used) the video signal of negative 

sync polarity is applied to the grid of the 
kinescope. At this point, the signal causes 

variations in the intensity of the electron 
beam which in turn causes light intensity 
variations on the face of the kinescope. 

Since the beam is being swept horizontally 

and vertically during the light intensity 

variations, a picture is traced out on the 
screen. 

Sound I- f. — Now let's go back to the 
block diagram and follow the sound signal. 

Depending upon the receiver, the sound 

signal is taken off in one of several 
places, as outlined before. The sound is 

taken off by a tuned circuit and is fed 

into the first stage of the sound i-f amp-
lifier. Depending upon the sound take-off 
point, there may be either two or three 
stages of sound i-f amplification. The 
function of the sound i-f amplifier is 

similar to that of the picture i-f amplifier— 
that is, the sound signals are amplified to 
a level suitable for use by the sound detec-
tor stage. 

Sound Detector. — Since the sound 
signals are frequency modulated, a special 

FM detector must be provided for demodu-
lation. This is generally a discriminator, 

or a ratio detector circuit. 

The sound detector performs a function 
similar to the video detector. It extracts 
the sound information from the frequency 
modulated i-f carrier wave. After detection, 
the sound signal passes through a conven-

tional audio amplifier to the loudspeaker. 

Audio Amplifier. — The audioampli-
fier in most sets consists of two stages, 

a voltage amplifier and a power amplifier. 
The voltage amplifier may be a high mu 
triode such as the triode section of the 

6AV6double diode - triode (or equivalent); 

the power amplifier tube is often a 6K6GT 

beam power pentode or similar tube. It is 
interesting to note that the frequency re-
sponse of the audio amplifier in a tele-
vision set is, in general, required to be 
superior to that of a conventional broad-
cast set, since the FM audio for television 

contains frequencies up to 15,000 cycles. 

The television receiver should be capable 
of reproducing this. 

AGC. — The picture channel is gener-

ally provided with some system of auto-
matic gain control (AGC). This is a circuit 

which tends to keep the output of the 
picture r-f and i-f systems constant, re-

gardless of variations in antenna signal. 
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AGC is very important in reducing picture 
fading, such as "airplane flutter" and 
video variations produced by other causes. 
Airplane flutter is a very rapid (and 

annoying) variation of picture signal 
strength due to nearby flying aircraft. 

There are various methods of producing 

AGC control voltages, some of which will 

be described in later lessons. 

Synchronizing Circuits. — The hori-
zontal and vertical sync pulses are trans-
mitted together with the picture signals. 
They remain this way in the receiver all 
the way up to the kinescope. However, 

in order to use these pulses to synchronize 
the deflection circuits, they must first be 

separated from the picture signals and 
then separated from each other. These 

operations are performed in the block 
labeled " synchronizing circuit". In these 

circuits, the horizciltal and vertical sync 

pulses are first separated from the picture 
signal. After this, the horizontal pulses 
are separated from the vertical pulses 
and fed into the corresponding sweep 

(deflection) circuits. In connection with 
the sweep circuits, the sync pulses are 

utilized to synchronize the electron beam 
in the receiver kinescope with that at the 
transmitter camera tube. In this manner, a 
picture is reproduced on the kinescope 

which is a faithful reproduction of the 

transmitted scene. 

Sweep Circuits. — The horizontal and 

vertical sweep circuits are indicated as 
separate blocks in Fig. 25-1. These are the 

circuits which produce the proper de-
flection of the kinescope beam through 

the medium of the deflection yoke. We 
shall have more to say about these cir-

cuits a little later on. 

High Voltage Power Supply. —In many 

receivers, the high voltage power supply 

is an integral part of the horizontal de-

flection system. A separate high voltage 
rectifier tube and filter network are pro-

vided. This power supply has an output 

which goes to only one point — the kine-
scope second anode. The function of this 
voltage was discussed in Lesson 23. 

Low Voltage Supply.— All of the tubes 

in the blocks of Fig. 25-1 require certain 
voltages to operate. For example all 
tubes require filament voltages and plate 
voltages. In addition, many tubes also 

require screen grid voltages. All of these 

various voltages are supplied by the low 

voltage power supply. The functioning of 
this supply will be taken up in more 

detail later on. 

Deflection Block Diagram. — Because 
of its importance in the TV receiver and 
specifically its importance in operating 
the kinescope, we are treating the deflec-

tion system in more detail at this time. 
An expanded block diagram of a typical 

deflection system is shown in Fig. 25-2. 

The de flection system may be divided 
into two parts, the vertical and horizontal 

sections. Since the vertical section is 
the less complicated of the two, we will 

consider. this first. 

The first stage is labeled " vertical 

oscillator and discharge tube". In some 
of the earlier model receivers, this was 
actually two separate tubes. However, in 

all late model sets, one tube performs 
both functions. The vertical oscillator is 

of the so-called " blocking - oscillator" 

type which you will study in more detail 
in a later lesson. This oscillator is a 

"free-running" type. This means that it 
will operate with or without the presence 

of sync signals. This oscillator performs 
a very important function in that it de-

termines the frequency of the vertical 

deflection forces. In its functioning as 

a "discharge" tube, this circuit also de-
velops the correct signal waveform neces-
sary for linear vertical deflection. Note 

carefully that this oscillator and dis-
charge circuit is responsible for generating 
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the signals necessary to produce vertical 

deflection. The frequency of operation of 
this circuit is 60 cycles per second, 
when synchronized by the vertical sync 
pulses. 

In order to adjust this frequency to 

the correct value, a vertical hold control 
is provided as shown in Fig. 25-2. A 

"height" control appears in the discharge 
tube circuit. As its name implies, the 
function of this control is to vary the 
amplitude of the kinescope raster in the 
vertical direction. 

The deflection signals generated in 
the vertical discharge tube do not have 
sufficient power to drive the vertical de-
flection coils directly. Therefore, they 
must be fed into the vertical output stage. 

This stage increases the power suffi-

from 
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ciently to provide the necessary vertical 
deflection. Included in the vertical out-
put stage we find a vertical " linearity" 
control. The function of this control is to 
make the raster on the kinescope linear 
in the vertical direction. 

Horizontal Deflection C ircuits. — Now 
that we have looked at the vertical de-

flection circuits, the next logical step is 
to go through the horizontal deflection 
circuits. These are more complicated 
because the horizontal system includes 
such things as automatic frequency con-
trol and the high voltage transformer. 
Of course, we are not able to go into any 
great detail at this time, but will simply 

explain enough so that you can get a 
general idea of the functioning of these 
circuits. 
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As was the case in the vertical sweep 

circuits, we again start with the sync 
separator. Sync pulses are fed into the 
horizontal sweep oscillator control tube. 
Briefly, the function of the control tube is 
to provide automatic control of the fre-
quency of the horizontal oscillator, as de-
termined by the frequency of the horizontal 
sync pulses. This automatic frequency 
control, or AFC, has two major advantages. 
First, it greatly improves the immunity of 
horizontal sweep from noise pulses and 
other interference. Secondly, it relieves 
the viewer of the necessity of adjusting the 
horizontal hold control when changing 
stations. 

Horizontal AFC Controls. — The hori-
zontal locking range control is a set-up 

adjustment for horizontal AFC. It will 
be discussed more fully in a later lesson. 
The " horizontal" hold control has the same 

basic function as the vertical hold control. 
That is, it adjusts the frequency of the 

horizontal oscillator so that it may be 
synchronized by the horizontal pulses, 
through the AFC system. 

Horizontal Sweep Oscillator. — The 
horizontal sweep oscillator proper, is 

usually a blocking oscillator type of cir-
cuit, similar in principle to the vertical 

oscillator, previously discussed. It also 

operates in conjunction with a discharge 
circuit to produce the proper waveform 

for horizontal deflection. Again, note 

carefully, that as in the case of the 
vertical circuit, the horizontal oscillator 
and discharge stage is responsible for 

generating the signals necessary to pro-
duce horizontal deflection. 

Horizontal Output Circuits. — The 
output of the horizontal discharge tube is 
not capable of driving the horizontal de-
flection coils directly so these must go 

through a horizontal output tube. At the 

input to the horizontal output tube, we 

find a horizontal "drive" control. This 

control regulates the amplitude of input 

signal to the horizontal output tube. It 

thus affects the width and horizontal 
linearity of the raster. 

The horizontal sweep output tube pro-
vides the energy for the high voltage 
power supply. The high voltage is ob-
tained from positive pulses ( 15,750 per 

second) formed during the horizontal re-
trace time. A special horizontal output 
transformer is utilized, which by means 
of several windings provides the high 

voltage to be rectified for the kinescope 
anode, the filament power for the high 
voltage rectifier and the energy to operate 

the horizontal deflection coils. A special 
system of horizontal deflection is used 
which permits considerable energy saving. 
The damper tube is a part of this special 
system and its operation will be described 
in a later lesson. The horizontal output 

circuit includes controls for adjusting 
the horizontal linearity and width of the 

picture on the kinescope screen. 

SUPERHETERODYNE RECEIVERS 

25-3. — The television receiver, like 

many others, is of the " superheterodyne" 
type. Before we can really understand how 
the television receiver works we must be 

familiar with the principle of a super-

heterodyne circuit. Therefore, we are going 
to take time out now to investigate this 
problem. 

TRF Receiver. — Generally speaking, 
there are two basic types of receivers, 
the " tuned r- f", and the " superhetero-

dyne". The tuned r-f receiver is rarely 

used. For comparison purposes though, let 

us first examine a simplified diagram of a 
typical tuned r-f receiver which is shown 

in the block diagram of Fig. 25-3. 

This type of receiver consists of 
several r-f tuned stages followed by a 

detector, audio amplifier and speaker. 
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All three radio frequency stages are 
tuned together, usually by a three gang 
variable tuning condenser. (A TRF receiver 
may have other than three tuned stages, 

however.) 
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The Superheterodyne Principle. — The 
disadvantages of the TRF receiver may be 

largely overcome by reducing the fre-
quency of the incoming signal after it 
has been selected by tuned r-f stages 

Fig. 25-3 

There are several important disad-
vantages ofa tuned-radio-frequency (TRF) 

receiver. Perhaps the main one is that 
all radio frequency stages must be tuned 

over a wide band of frequencies. This 
generally means that the r-f circuits can-
not be designed to give optimum efficiency. 
This results in relatively poor selectivity 

and sensitivity. Selectivity may be de-
fined as the ability of a receiver to dis-

criminate between the desired signal 

and undesired signals. Sensitivity of a 

receiver is a measure of its ability to 
provide satisfactory output when a weak 
signal is received in the antenna. The 

sensitivity and selectivity of a TRF re-
ceiver may be improved by adding ad-

ditional tuned stages. However, this 
makes the receiver unwieldy in size, and 
creates other problems such as the diffi-
culty in preventing undesired oscillations 
from occurring. 
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and then further amplifying it in fixed-
tuned stages. These fixed tuned stages are 

known as intermediate frequency ampli-
fiers, or simply i-f amplifiers. 

Because the i-f amplifier operates at a 
fixed frequency, it is possible to design 

it to provide the maximum selectivity and 
sensitivity. The i-f amplifier also pro-
vides most of the radio frequency gain of 
a superheterodyne receiver. A further ad-

vantage of a superheterodyne receiver is 
that there is less tendency for r-f oscilla-
tions to occur. This is true because r-f 

amplification takes place at two different 
frequencies (r-f and i-f) and thus reduces 
the possibility of creating undesired osc-
illations in the receiver. 

A simplified block diagram of a super-
heterodyne receiver is shown here: 

Fig. 25-4 

detector 
audio 
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This actually represents the sound 

portion of a television receiver and the 

frequencies indicated are those often 
used in television. We have a signal 

coming in from the antenna at a frequency 

of 59.75 mc. This is the sound carrier of 
Channel 2. This signal is selected and 
amplified by the r-f amplifier, which is 
now tuned to receive 59.75 mc. (Actually 
it receives the entire channel 2, 54 to 60 

mc.). 

The stage following the r-f amplifier 

is called the converter. The converter is 

a special stage unlike any in a trf receiver. 
First of all, it has a bias such that it op-

erates approximately Class AB on the 
non-linear portion of the characteristic 

curve. This is very important. Secondly, 
its input and output circuits are tuned to 

different frequencies. And thirdly, it has 
two separate signals fed into its input 

circuit. One is the incoming signal from 
the r-f amplifier at 59.75 mc and the other 

the locally generated sine wave signal 
from the oscillator at 81 mc. Basically, 
the function of the converter is to cause 
heterodyning of the two input frequencies 

(oscillator and r- f) in order to produce a 

third frequency in the output, which will 
be the i-f. Let us take out a moment to 

talk about this phenomenon of producing 
a third frequency from two others by 

heterodyning. 

Heterodyning. — Let us take two fre-

quencies of 100 and 101 cycles and apply 
them to a non-linear circuit such as a 

class AB amplifier. This produces the 
phenomenon known as " heterodyning". 

When two frequencies are fed into a non-

linear circuit, distortion takes place and 

this distortion has the effect of producing 

new frequencies in the output which were 
not present at the input. These new fre-
quencies may actually be filtered out and 
used. The most important frequencies 
present in the output of a non-linear cir-

cuit are: 

a. The original two frequencies ( in this case, 100 and 
101 cycles) 

b. The sum of the two original frequencies (201 cycles) 

c. The difference between the two original frequencies 
(1 cycle) 

d. Many harmonic (or multiple) frequencies 

A ny of these frequencies can be filtered 
out and used. This is the principle used 
in a superheterodyne, where two different 

frequencies are fed into the grid of the 
converter stage. As we said before, 

the converter operates class AB, which 
means that it is a non-linear circuit 
and produces heterodyning. Looking back 

at the block diagram of Fig. 2-4 we see 
that the frequencies of 59.75 and 81 mc 

are both fed into the converter. The out-
put frequencies from the converter include 

the originals ( 59.75, 81 mc), the sum 
(140.75 mc), the difference (21.25), and 

many harmonic frequencies. 

In most superheterodyne receivers, it 

is desired to utilize the difference fre-
quency as the intermediate frequency, 
since this is lower than the r-f signal 

and easier to amplify. In this case the 

difference frequency is 21.25 mc, and 
this is chosen as the sound i-f. We have 
seen that the output of the converter con-
tains various frequencies. We desire to 
reject most of these and select only the 

required i-f, which in our particular example 
is only the sound i-f of 21.25 mc and its 
sidebands. It is important to note that 
the intermediate frequency still contains 
the original modulation information, prac-

tically undistorted. 

Selection of the desired intermediate 
frequency is accomplished by means of 

tuned circuits having the correct band-

width characteristic. 

F unction 
point, it is 
function of 

chooses the 

of Osc illator. — At this 
very important to note the 
the oscillator. It actually 

station to be passed by the 

i-f amplifiers. The frequency of each 

station is fixed. However, the oscillator 

frequency may be varied. By using the 

right oscillator frequency to heterodyne 
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with the station frequency we can actually 
select the desired station to be fed into 

the i-f amplifiers. If the oscillator fre-
quency is not right,or if the oscillator is 

inoperative, you cannot receive the sta-
tion even if every other part of the set is 

working correctly. This fact is very im-
portant in troubleshooting and should be 

kept in mind. 

LOCALI ZING TROUBLES 

25-4. — The process of localizing troubles 
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in a TV receiver is divided into two parts 

1. Localizing the trouble to a section 
of the receiver. 

2. Localizing the trouble to a specific 
defect in that section. 

In this lesson we are only going to be 
concerned with localizing the trouble to 

a section. Localizing to a specific de-
fect will be taken up in later lessons. 

You might well ask what a "section" 
of a TV receiver is. For the purpose of 
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troubleshooting it would be well to set 

down a list of sections to which troubles 

may be localized. The following may be 
considered as sections: 

a. The antenna section, including the transmission 

line 

b. The r-f section. This includes r-f amplifier, mixer 

and oscillator 

c. Sound i-f section, including the sound detector 

and, in some sets, part of the Octave i-f section 

d. Sound amplifier section, including the loudspeaker 

e. Picture i-f section, including the picture detector 

f. Video amplifier section 

g. Kinescope 

h. Synchronizing section 

L Horizontal deflection section, including high voltage 

and damper circuits 

Vertical deflection section 

Low voltage power supply section, including plate, 

screen and filament voltage supplies 

j. 

k. 

These sections are shown in the 

troubleshooting block dia gram in Fig. 25-5. 

This block diagram is going to be re-
produced a number of times to illustrate 

the procedure of localizing troubles to 
various sections of the receiver. Use 
these. block diagrams in connection with 

the list of blocks given above so you will 
know which portions of the receiver are 
included in each section. 

Dead Receiver But Tubes Light. — Let 
us first take up the case of a completely 

dead receiver. By "dead" we mean that 
there is no sound and no raster present 

on the kinescope. Incidentally, a raster 
is made up of scanning lines and appears 

as overall brightness on the screen. It is 

possible to have a raster without picture. 
However, it is not possible to have a 

picture without raster. Since we can see 
the tube filaments are lit, we know the sct 
is plugged in and turned on and is receiving 

energy from the power line. We must check 
these things, however, if the filaments 
are not lit. 

We can analyze this trouble very simply. 

Since neither the raster or sound is present 
the trouble is likely to be in some section 

common to both. The most obvious section 
to be at fault in a case such as this is 
the low voltage power supply section. 

Therefore, this section should be checked 
first. 

Fig. 25-6 

Normal Raster, But No Sound Or P icture.— 
The fact that a raster appears on the 
kinescope, is an important clue. It means: 

Fig. 25-7 

1. The high voltage supply must be working properly. 

2. The deflection circuits must be all right. 

3. The low voltage power supply section must be 

basically in good order. 
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In spite of number 3, we should still 
check for B plus in the sound and picture 
channels. 

The fact that sound and picture are 
missing simultaneously is an important 
clue. This points to a section common to 
both the sound and picture sections. 
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From,inspection of the block diagram 
in IT ig. 25-8, we note that two sections are 

common to the sound and picture signals. 
These are the antenna section and the 

r-f section. 

Let's investigate the r-f section first. 
Within the r-f section, there are three 
stages: the r-f amplifier, converter and 
oscillator. By means of simple checks we 
can frequently isolate the trouble to one 

of these three stages. An important clue 

is to look for snow in the raster. The con-
trast control should be turned up full for 

these checks . If snow appears in the 
raster, we may assume that the converter 
is working since most of the snow ori-
ginates in this stage. This leaves the r-f 

amplifier and oscillator stages. A simple 
test can be made to determine if the osc-

illator is at fault . This is to measure the 
negative controlgrid bias of the oscillator. 

You mayalso measure the negative control 

grid bias of the converter to determine if 
the oscillator is working. This bias is 
generated by the oscillator and will only 

be present if the oscillator is working. 
Use the lowest scale on the meter so you 

can see an appreciable deflection, if any. 

If you do get meter deflection and snow 
is present, the trouble probably is in the 
r-f amplifier. 

Sometimes, a defect in the antenna and 
transmission line may cause this trouble, 
so be sure to check this section, if the r-f 
section seems to be normal. 

Picture Normal, But No Sound. — In 
this case, the raster and picture are 

normal, but no sound is present. This 
immediately tells us that the entire picture 
channel from the antenna to the kinescope 

is operating properly. Try switching to 
several other channels. If the sound is 

present, on any channel, the fault pro-
bably is incorrect adjustment of the osc-
illator frequency for this channel. When 
sound is missing on only one or two 
channels, the oscillator may be adjusted 
for best sound. If you do this, first set 
the fine tuning control to the center 

position. Oscillator adjustments are 

usually available from the front, without 
removal of the chassis. 

If no sound is present on any channel, 
the possible faulty sections are blacked 
out in the diagram of Fig. 25-9. 

As indicated here, the sound i-f section 
or audio amplifier section is probably at 

fault. We can narrow this down to either 
section by injecting a signal into the input 

of the audio amplifier. One way to do this 
is as follow s: With the volumecontrolturned 
up full, touch your finger on the center 

lug of the control. In many sets, this 
control is on top of the chassis and can 

be reached from the rear of the cabinet. 
When a dual control is used (sound and 

picture), the volume control is usually 
the one at the rear. If the set has a " Phone 

jack, touch the inside connection of the 
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low voltage 
power supply 

section 

horizontal 
deflection 
section 

vertical 
deflection 
section 

Fig. 25-9 

jack with a small screw driver, with the 

function switch in " Phono" position. If a 

loud hum results, the sound amplifier sec-
tion is O.K. and the trouble is in the sound 

i-f section. If no loud hum results, the 

audio amplifier section is at fault. Inci-

dentally, this hum is a 60 cycle hum. 

A simple test can narrow the trouble 

down even further. Assume the trouble 

to be in the audio amplifier section. 
Taking the tube nearest the speaker, ( power 

amplifier), plug it in and out several 

times. If loud clicks result, the speaker 

and power amplifier stage are probably 

O.K. If not, your trouble is right there. If 

you do get clicks here go back one stage 

and listen for clicks in the voltage ampli-

fier stage. If you don't get them now your 

trouble is in this stage. 

Use a similar procedure in the sound 

i-f section if trouble has been localized 

there. Always start with the tube nearest 

the speaker, which in this section is the 

sound detector. 

Sound and Raster Normal, But No 

Picture. — This condition indicates that 

the entire sound channel from the antenna 

to the loudspeaker is functioning. The 

presence of a normal raster tells us that 

the deflection and high voltage sections 

are O.K. The kinescope screen would look 

the same as shown in Fig. 25-7. This con-

dition also indicates that the low•voltage 

power supply must be basically all right. 

Therefore, the trouble must be in either 

the video amplifier section or the picture 

i-f section. 

We can narrow down the trouble to one 

of these sections by a method similar to 
that used for the sound channel. The 

finger method may not be so effective 
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here due to the low gain of the video 

amplifiers. However, we can overcome 

this by utilizing the gain of the audio 

amplifier to increase the 60 cycle signal 

picked up by your body. This is done 

simply as follows: connect a wire jumper, 

in series with a 0.1 microfarad (or larger) 

condenser from the plate of the audio 

output tube to the grid of the first video 

amplifier. Turn the volume control up full 

and place your finger on the center lug. 

If the video section is all right, there will 

be a very pronounced 60-cycle indication 
on the kinescope. ( Note: If there is a 
contrast control in the video section, turn 

it up to maximum.) 

If you see the indication on the kine-

scope, the trouble is in the video i-f 
section. If no indication appears, the 

trouble is in the video amplifier section. 

Further localization is possible using 

the "clicking" method previously de-

scribed, but instead of clicks, we would 

look for distinct flas hing in the picture as 

a tube is plugged in and out. The same 

basic procedure applied here. Always 

begin with the tube nearest the indicator 

(kinescope) and work back toward the 

antenna. 

Normal Sound, But No Raster. — The 

condition indicates that the entire sound 

channel, from antenna to loudspeaker is 

working properly. This also means that 

the low voltage power supply is basically 

O.K. No raster, of course, means no 

brightness at all. This may be caused by 

a condition of no high voltage, or a loss 

of any of the kinescope operating voltages, 

or sometimes by a defective kinescope. 

A check to see if high voltage is present 

at the kinescope second anode is easily 

done, by disconnecting the high voltage 

lead and attempting to draw an arc to a 

well insulated screwdriver. If an arc 

appears, high voltage is present. 

In order to operate, the kinescope must 

be supplied with high voltage and several 

other essential voltages. The necessary 

voltages are: 

1. Second anode high voltage. Check by drawing arc 

2. First anode voltage. Measure with d-c voltmeter 

3. Cathode voltage. Measure with d-c voltmeter and 

check brightness control if present here 

4. Grid bias voltage. Measure same as 3 

5. Filament voltage. Measure with a-c voltmeter or 

observe lit filament. 

If all these voltages are correct, and 
the ion trap magnet is properly adjusted, 
and no light appears on the kinescope 
screen, the tube itself is probably at fault. 

If high voltage is not present, the 
trouble is localized to the horizontal 

deflection section. 

Both of these possibilities of no 

raster are shown blacked out here: 

Fig. 25-10 

Remember that thehorizontaldeflection 
section includes ( in most sets) the high 

voltage rectifier, damper, horizontal 

output . tube and horizontal oscillator. 

Sound Normal, Picture Out Of Sync. — 

We will assume the receiver to be operating 

normally aside from this trouble, and that 

an adequate antenna signal is present. 

Any one of several conditions may prevail, 

as follows: 
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1. There is no sync horizontally and 
vertically. The probable section at 

fault is shown blacked out here: 

Fig. 25-11 

Since both horizontal and vertical sync 
are not present, the trouble is probably 

in a section that supplies both deflection 
sections with sync. This would be the 
synchronizing section. This includes the 

sync separator, and the sync amplifier 
and limiter stages, if present. 

It should be realized that any circuit 

handling both horizontal and vertical sync 
pulses can be responsible for causing 

this trouble. Thus, if the trouble is not 
found in the synchronizing section, it 

might be in the video amplifier, or even 
in the r-f or picture i-f amplifiers. In this 
case, the loss of sync is due to some 
condition that causes the amplifiers to 
pass high frequencies better than low 
frequencies. Since sync pulses would be 
considered as low frequencies, they would 
not be passed properly, thus affecting 

horizontal and vertical synchronization. 

2. No Vertical Synchronization, But 

Horizontal Sync is O.K. Lack of 
vertical synchronization is indi-

cated by the whole picture rolling 

up or down. If the rolling is very 
rapid, however, you may not be able 

to see the picture. The faulty sec-
tion is shown blacked out here. 

Fig. 25-12 

This section generally includes the 

vertical oscillator and amplifier. We can 
eliminate the vertical amplifier because 
it merely amplifies the deflection signals. 
The trouble could either be a defect pre-
venting the vertical sync pulses from 
reaching the oscillator, or adefect causing 

a radical change of oscillator frequency 
which cannot be corrected with the vertical 

hold control. 

If vertical sync pulses do not reach 
the oscillator, the defect causing this 

must be in a circuit that precedes the 
oscillator. Furthermore, it is probable 
that the defect will be in a portion of a 
circuit handling only vertical sync pulses. 

This localizes the defect to a circuit 
between the output of the sync amplifier 
and the grid of the vertical oscillator. In 
many receivers, this circuit consists only 

of a simple R-C coupling network. Some 

receivers employ, in addition, a vertical 

sync amplifier tube, which amplifies only 
vertical sync pulses. 

In the event that the defect is one that 

causes a change of oscillator frequency, 
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preventing it from being synchronized, 

the trouble is localized directly to the 
vertical oscillator stage. 

You can determine which of these two 
is at fault by a simple check. If you 
cannot stop a single picture momentarily 
by manipulating the vertical hold control, 

the trouble lies within the oscillator 
stage. This is indicated by the fact that 
it is not possible to adjust the vertical 
oscillator frequency to coincide with the 

frequency of the vertical sync pulses. If 
a s ingle picture can be stopped momentarily 

by manipulating the vertical hold control, 
the trouble is lack of sync pulse input. 

3. No Horiz ontal Synchronization, But 
Vertical Synchronization is O.K. 

This is indicated by a picture that 
does not roll vertically, but is torn 
horizontally; or the picture moves 
horizontally across the screen, or 
in diagonal segments. 

Fig. 25-13 

The horizontal deflection section is 

most likely at fault, as indicated in 

Fig. 25-14. 

As in the previous case, we can elim-
inate the horizontal amplifier as a cause 
of this trouble . This usually leaves the 

horizontal oscillator and horizontal AFC 
circuits to be checked. In sets employing 
a separate horizontal sync amplifier, this 

should also be checked. As before, this 
trouble could be due to a defect causing 

25-17 

a radical change in horizontal frequency, 
which cannot be compensated for by any 

control adjustments. 

Fig. 25-14 

Again we may determine which of these 

twois the fault by a simple check.Adjust 
the horizontal hold control and also the 

rear apron horizontal freq uency controls, if 
necessary . Try to obtain a whole single 
picture . If you get one, observe whether 

the picture is locked or appears "loose" 

and non-synchronized. If the picture is 
loose, that is, it requires continuous mani-
pulation of the controls, the trouble is 
lack of sync pulses and not a defect in 
the oscillator stage. The defect will 
appear in a portion of the circuit between 

the output of the sync amplifier and the 

grid of the horizontal oscillator. On the 

other hand, if the picture locks, or you 

find it impossible to obtain a whole single 
picture, the trouble lies with the horizontal 
oscillator or horizontal AFC circuits. If 

with minor adjustment the picture locks 
and the set appears to be operating pro-
perly, it may be that normal aging of 
tubes and components have caused a 

small change in oscillator frequency. In 
this case, no set defect is indicated. 

However, if very radical changes are re-

quired of the horizontal frequency control 

settings, the defect should be localized. 
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4. No Vertical Deflection, but Hori-
zontal Deflection O.K. — This is 

indicated on the kinescope screen 

by a single horizontal line like this: 

Fig. 25-15 

This trouble is generally caused by a 

defect in the vertical deflection section, 
which is shown blacked out in Fig. 25-16. 
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The vertical deflection section con-
sists of the vertical oscillator and the 

vertical output stages. There are two 
simple checks by means of which we can 

determine which stage is at fault. One 
method is by signal injection as pre-
viously discussed. The other method is 

to measure oscillator grid voltage. 

The signal injection consists of feeding 
a 60 cycle signalto the grid of the vertical 

output stage. You can do this by putting 
your finger on the grid of the vertical 
output tube. An alternate method is to 

connect a jumper in series with a .05 
microfarad (or larger) condenser from the 
high side of the filament voltage supply 
to the grid of the output tube. If the 

vertical output stage is O.K., a pronounced 
vertical deflection will appear on the 
kinescope. This indicates that the vertical 
oscillator is at fault. 

A simple voltmeter check will determine 
if the oscillator is working. This check 
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consists of measuring the negative grid 

bias of the vertical oscillator. Since this 

negative voltage is generated by the osc-

illator, it will be present only if the 

oscillator is functioning. 

Sound O.K., But Picture is Weak. — 

It is possible to determine by examination 

of the " snow" on the kinescope screen, 

whether the cause of this trouble is in a 

section before or after the converter 

stage. If the picture is very snowy, the 
trouble is before the converter stage, and 
might be in the antenna section or in the 

r-f amplifier. On the other hand, if the 

picture does not become snowy, the 

trouble lies in a part of the picture channel 
following the converter. 

The reason for this is that most of the 
snow is generated by the converter. If a 

weak signal is fed into the converter, it 

is not able to override the snow and the 
snow shows up very strongly. If a strong 

signal is fed into the converter, it can 

override the snow and the "snow to signal 

ratio"remains the same as if the receiver 

were operating normally. 

The conclusions to be drawn from this 

are: 

Fig. 25-17 
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a. If the picture is weak and becomes 

very snowy, the trouble is in the 

antenna section or the r-f section 

(not including the converter). This 

is illustrated in the block diagram 

of Fig. 25-17. 

b. If the picture is weak but does not 

become snowy, the trouble is in the 
picture i-f section or the video 

amplifier section, as indicated in 

Fig. 25-18. 
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SUMMARY OF TROUBLESHOOTING TIPS 

25-5. — In the previous section on 
troubleshooting, we discussed certain 

"tips" and short cuts you could use to 

localize troubles more quickly. Because 

of their importance, we are going to sum-

marize these tips here: 

1. Signal Injection: This consists of 

injecting a signal into a stage of the TV 
receiver to determine if that section is 

operating. The signal used here is a 60 

cycle voltage, picked up by the body and 

applied with a finger to the grid in question. 

This method is conveniently used to: 



25-20 
TELEVISION SERVICING COURSE, LESSON 25 

a. Isolate "no sound" troubles to the 
sound amplifier or sound i-f section, 
when the other receiver sections 

are known to be right. With the 
volume controlturned up full, place 

your finger on the input to the audio 
amplifier (or on the center lug of the 

control). If a loud hum results, the 
audio amplifier section is O.K. and 
the trouble must be in the sound 
i-f section. 

b. Isolate "no picture" troubles to 

the video amplifier or picture i-f 
section, when the other receiver 
sections are known to be good. 
Connect a jumper in series with a 
condenser from the plate of the 

audio output tube to the grid of the 

first video amplifier. Turn the 
volume control up full and put your 

finger on the center lug. If a 60 
cycle pattern appears on the kine-

scope, the video amplifier is O.K. 
and the trouble is in the picture i-f 
section. 

c. Isolate "no vertical deflection" 
troubles to the vertical oscillator 
or vertical output stage. Place your 

finger, or a jumper from the filament 

supply, in series with a .05 micro-
farad (or larger) condenser, at the 

grid of the vertical output tube. If 
vertical deflection appears, the 

output stage is 0.K.and the trouble 
lies in the vertical oscillator stage. 

2. Checking Oscillator Bias Voltage: 

This test consists of measuring the control 
grid voltage of an oscillator in the re-

ceiver, to see if the oscillator is oper-

ating. This voltage is a negative bias 

that only appears when the oscillator is 

working. The test is the same for each of 

the several oscillators, which are: 

a. The local ( heterodyne) oscillator 

b. The horizontal oscillator 

c. The vertical oscillator 

In each of these circuits, use a high 
impedance meter to measure the negative 
bias between control grid and ground. A 

20,000 ohms per volt meter is adequate. 
Since the bias is generated by the oscil-
lator itself, its presence indicates that 
the oscillator is functioning. 

In the case of the local oscillator, an 

additional check may be made by measuring 
the mixer grid voltage in the same way. 

3. Snow: This test consists of ob-
serving the kinescope for the presence 

or absence of snow under certain conditions. 

a. With normal raster, but no sound or 
picture, snow helps to isolate the 
trouble as follows: If snow appears 

in the raster we may assume that 
the converter and all picture stages 
following are probably O.K. The 
trouble therefore precedes the con-
verter and may be in the r-f amplifier 
or antenna sections. If no snow 
appears, the trouble is in or after 
the converter stage. 

b. Sound O.K. but weak picture. Again 
the snow tells us whether or not 

the trouble precedes the converter 
or follows it. The procedure in 
localizing is the same as for (a) 
above. 

4. Detector Voltage Output. This test 

consists of measuring the d-c output volt. 
age (if any)across the output of either the 
sound or picture detectors. The presence 

of such voltage indicates that the stages 
preceding the detector are operating. 
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2e440« .26 
BASIC CIRCUITS 

26-1. In Lesson 25, we discussed some 
procedures you could use to localize 
troubles to a section of the TV receiver. 
In this lesson we will discuss the process 
of localizing a trouble to a specific com-
ponent of one of the three basic circuits, 
which make up a TV receiver. In later 
lessons, we will discuss localizing 
troubles to components of actual TV re-

er circuits. 

As we just said, a TV receiver is made 
up of three basic types of circuits. These 
are: 

1. Amplifiers 
2. Oscillators 
3. Rectifiers 

Each of these three basic circuits is 
repeated a number of, times in the re-
ceiver, with the amplifiers making up the 
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majority of the circuits. There is an im-
portant significance to the fact that there 
are only three basic circuits as far as 
troubleshooting is concerned. Each vari-
ation of the three, basic types of circuits 
operates in essentially the same manner. 
Thus a knowledge of the basic types will 
aid you in servicing any of these circuits, 
even when there are component variations 
among the stages. 

To illustrate how a TV set is divided 
into its three basic circuits, an expanded 
block diagram is shown in Fig. 26-1. 

In this block diagram, the various 
stages of the receiver are labeled accord-
ing to which of the three basic circuits 
they represent. These designations are 
all clear cut except for the mixer, which 
may be considered to be a rectifier and 
amplifier. 

AMPLIFIERS 

26-2. In order to lay the groundwork 
necessary to describe how troubles may 
be localized to a component or specific 
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defect, we will first investigate the op-
eration of amplifiers. In general, we may 
say that an amplifier serves the purpose 
of increasing either the voltage or the 
power supplied to its input. Some ampli-
fiers are specifically designed to distort 
the input wave; these will be considered 
later. 

Specifically, we are first going to ex-
amine the operation of a simple triode 
RC—coupled amplifier. Following this we 
will take up a pentode amplifier. 

The schematic diagram of our simple 
triode amplifier looks like this. 

R, 

Fig. 26-2 

The amplifier consists of a triode 
vacuum tube and its associated compon-
ents. At the grid of the amplifier, we find 
a resistor and condenser combination 
labeled R and C. 

These components are commonly re-
ferred to as the grid resistor and the 
coupling condenser. The coupling con-
denser serves to block d-c from a previous 
stage, while permitting the a-c component 
of the signal to reach the grid. If thé d-c 
were not blocked by this condenser and 
were connected to the grid, it would upset 
the operation of the amplifier. The grid 
resistor provides a discharge path for the 
coupling condenser, to prevent undesired 
charges from accumulating in the coupling 
condenser. Such charges, under conditions 
of high peak signals might " block" the 
tube. Other functions performed by the 
grid resistor will be mentioned a little 
later. 

For an amplifier tube to operate in the 
desired manner, it must have the correct 
bias. The bias of an amplifier tube is a 

voltage applied between the grid and the 
cathode. Its polarity must be such that 
the grid is negative with respect to the 
cathode. This means that we may apply a 
positive voltage to the cathode, a neg-
ati,ve voltage to the grid, or both. In the 
amplifier of Fig. 26-2, we obtain our bias 
from a positive voltage at the cathode. 
This voltage is developed by cathode 
current flowing through cathode resistor 
R K  • The voltage drop across RK is such 
that the cathode becomes positive, thus 
providing the bias. In order to develop 
an output voltage in an amplifier, we must 
have a load in the plate circuit. The load 
may take various forms, but in Fig.26-2, 
it is the resistor RL. This resistor con-
nects to B plus in order to supply the de-
sired plate voltage to the amplifier tube. 

The Tube Acts As a Variable Re-
sistance. — We know that a plate load 
impedance is required to develop an am-
plified signal. Let's go ahead now and 
see just why this is so. To do this we 
can consider the tube as being a variable 
resistance. This is not an entirely new 
idea, as this concept was discussed pre-
viously in Lesson 19. An equivalent cir-
cuit of a vacuum tube as a variable re-
sistor is shown here: 

grid moves 
this tap 

84 300v 

Fig. 26-3 

plate 
resistance 

cathode 

The resistance shown here is actually 
the plate resistance of an amplifier tube. 
This resistance will vary according to the 
actual voltage applied to the grid. For ex-
ample, if the grid voltage becomes more posi-
tive, the plate current of the tube increas-
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es and the plate resistance decreases; if 
the grid voltage becomes less positive 
(or more negative), the plate current de-
creases and the plate resistance increas-
es. For this reason we show inFig. 26-3 
that the grid moves the tap on the vari-
able resistance, changing its value in ac-
cordance with the grid voltage. In the 
circuit of Fig. 26-3,we could not take an 
amplified output from the plate. The 
reason for this is that no plate load re-
sistor is present. The plate current may 
vary, but the plate voltage stays at the 
B plus value. Therefore, we see that 
without a plate load resistor, the tube 
cannot function as an amplifier. Now take 
a look at this equivalent circuit: 

plate load 

• resistor 

grid moves 
this tap 

8+ 300 v 

plate 
150v 

Fig. 26-4 

10 KR 

output 

IOKJl 
to 

zero JI 

cathode 

The Amplifier Needs a Plate Load. — 
Here we have added a plate load resistor 
to our amplifier. Note very carefully that 
we now have a voltage divider between 
B plus and ground. This divider consists 
of the series combination of the plate 
load resistor and of the plate resistance 
of the tube. The addition of the plate 
load resistor now makes it possible to 
tap off an amplified output from the tube. 
We can see how this works out with the 
aid of the following simple. examples. 
Let's assume that inFig. 26-4, the plate 
load resistor is equal to 10,000 ohms. 
Let us further assume that with no signal 
applied to the grid, the internal tube re-

sistance is also 10,000 ohms. This means 
that if the B plus voltage is 300 volts, 
there will be 150 volts at the plate of 
the tube. This is easy to see because the 
plate point is halfway down on a voltage 
divider across 300 volts. 

Now assume that a signal is applied 
to the grid and is at its positive peak. 
This causes additional plate current to 
flow, decreasing the plate resistance as 
shown here: 

8+ 300v 

10 KJI 

output 

5 K JI 

to 
zero ji 

cathode 

equivalent for positive grid signal 

Fig. 26-5 

The plate resistance is now 5000 ohms 
in series with the load resistor of 10,000 
ohms. This means that 1/3 of the B plus 
voltage, or 100 volts is now at the plate. 
This represents a change of 50 volts at 
the plate, representing a portion of the 
amplified signal. Note that a positive 
grid signal causes a negative going plate 
signal. 

Now let's see what happens when the 
grid signal goes negative, increasing the 
internal plate resistance as shown in Fig. 

26-6. 

In this case we show that due to the 
negative signal the plate resistance has 
increased to 20,000 ohms. Now we have 
2/3 of the B plus voltage, or 200 volts, at 
the plate. This is an increase of 50 volts 
over the no- signal voltage. Note that a 
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BI- 300 v 

10 KJ1 

output 

equivalent for negative grid signal 

Fig. 26-6 

negative grid signal causes a pos itive 
going plate signal. 

Thus we see that the vacuum tube 
amplifier produces an amplified output 
in connection with its plate load resistor 
by acting as a variable voltage divider. 
With a resistive plate load the plate and 
grid signals are always of opposite polar-
ity. 

The amplified signal is coupled from 
the plate of the amplifier to the grid of 
the next stage by means of the coupling 
network C and Rs' which we have al-
ready mentioned. 

Distortion in the Amplifier. — Now we 
can go into a little more detail about the 
amplifier's operation. The first point to 
consider is the input signal. Most ampli-
fiers in a TV set ( but not all), operate 
with a symmetrical type of input signal. 
That is to say the positive and negative 
characteristics of the signal are the 
same. As an example of a symmetrical 
signal take a look at Fig. 26-7. 

This represents a modulated picture 
signal as it might be applied to a picture 
i-t amplifier. Note that, if we draw a line 
through the center of this wave and call 
this the zero reference line, that the 
positive and negative portions are the 
same. The amplitude of this input signal 

Fig. 26-8 

Fig. 26-7 

is generally of considerable importance. 
It must be neither too small nor too large. 
If too small, the capabilities of the tube 
for amplification will not be fully realized. 
If too large, distortion may result. When 
dealing with signals of a symmetrical 
nature,suchas Fig. 26-7, a simple method 
is available to determine what the maxi-
mum amplitude of input signal should be. 
The following simple rule applies in gen-
eral — the peak amplitude of the input 
signal should not exceed the value of the 
d-c bias voltage. For example, if a cer-
tain amplifier normally operates with a 
bias of 10 volts, the peak amplitude of 
input signal should not exceed 10 volts. 
By peak amplitude we mean the amplitude 
from the zero reference line to either the 
positive or negative peak. This is further 
explained vith the aid of this figure: 

tube draws 
grid current 

--
tube is 
cut off 

We are assuming that we have an am-
plifier operating with a bias of 10 volts. 
When signal 1 is impressed on the grid 
the amplifier operates correctly and no 
distortion results. When signal 2 is im-
pressed on the grid it exceeds the peak 

magnitude of 10 volts. Thus the positive 
peak now causes grid current and the nega-
tive peak cuts off the tube. Both of these 
will cause distortion of the amplified wave. 
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26-3. We have talked about bias in re-
lation to signal amplitude. Now let's see 
what types of bias are used in amplifiers. 
In general, bias is developed by one or 
more of the following three classifica-
tions: 

1. Cathode Bias (also called self bias) 
2. Signal Bias (also called grid-leak 

bias) 
3. Fixed Bias 

Cathode Bias. — With or without the 
addition of one of the other types, cath-
ode bias is possibly the most commonly 
used type in TV receivers. An example 
of cathode bias is shown in Fig. 26-2, 

where R k and C k constitute the cathode 
bias network. The cathode resistor R k 

is designed to be of such a value that the 
average plate current flowing through the 
amplifier tube will produce the desired 
voltage drop (bias) across the resistor. 
For example, if the average plate current 
in an amplifier tube is 10 milliamperes, 
and the desired bias is 10 volts, th' 
necessary cathode resistor is found simp-
ly, R:=E/I= 10/.01= 1,000 ohms. Thus, 
we see that in he case of cathode bias, 
we have simply to choose the right cath-
ode resistor for the particular tube. 

As you can see in Fig. 26-2, a cathode 
bypass condenser, Ck, is connected 
across the cathode bias resistor. This 
condenser prevents a loss of gain in the 
amplifier due to cathode degeneration. 

Degeneration. — As we mentioned just 
before, cathode bias is developed by the 
tube current flowing through the cathode 
resistor. This bias should be an unvary-
ing d-c voltage if the amplifier is to 
operate with maximum gain. The reason 
we use a cathode bypass condenser is 
to make sure that the bias does not vary 
when signal is applied to the grid. If the 
cathode voltage does vary due to signal, 
the amplifier will not operate at maximum 
gain. This effect is known as cathode 
degeneration, and may be explained simp-
ly, as follows: If a suitable cathode by-
pass condenser is not present across the 

cathode resistor, and a grid signal is ap-
plied, the cathode voltage tends to follow 
the grid voltage, thus reducing its effec-
tiveness. Let's explore this further with 
the aid of some examples, beginning with 
this figure: 

Ov 

St 

Fig. 26-9(a) 

In this example, we have an unby-
passed cathode resistor of 1,000 ohms. 
When the grid signal amplitude is zero, 
the grid voltage is zero. At this time 10 
milliamperes flows through the tube de-
veloping 10 volts of bias across the cath-
ode resistor. This is the desired bias and 
to obtain maximum amplification it should 
remain constant. Now let's look at this 
figure. 

o 

Fig. 26-9(b) 

Here the grid signal has progressed to 
plus 10 volts (point B) and this caused 
15 milliamperes to flow through the tube. 
Notice that the cathode voltage has risen 
5 volts, while the grid has gone up 10 
volts. Since they both changed in the 
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same direction, the 5 volt rise of cathode 
voltage effectively cancelled out 5 of the 
10 volts rise at the grid. This is true be-
cause the effective signal voltage is 
measured from grid to cathode. Since the 
cathode went up 5 volts, while the grid 
went up 10, the effective signal at the 
grid is now only 5 volts. If we had held 
the cathode potential constant at this 
time, the entire grid signal of 10 volts 
would have been effective. By losing the 
effect of some of the grid signal, there is 
less output and therefore less gain from 
the amplifier. 

The same sort of effect occurs on the 
negative swing of the grid signal, as in-
dicated here: 

-/Ov   

Fig. 26-9(c) 

Here the signal has gone to minus 10 
volts (point c), reducing the plate current 
to 5 milliamperes. This causes the cath-
ode voltage to drop to plus 5, or 5 volts 
below the average value of 10 volts. 
Thus, when the grid voltage goes 10 
volts negative, the cathode goes 5 volts 
in the negative direction. This again has 
the effect of cancelling out 5 volts of 
the grid signal and reducing the gain. 
This effect of reducing the gain due to a 
changing cathode voltage is what we 
commonly refer to as "degeneration". 
(Degeneration may also occur in the 
screen grid of a pentode as we shall see 
later.) 

Cathode Bypass Condenser. — In order 
to prevent degeneration in the cathode, 
and obtain maximum gain, a cathode by-
pass condenser is used, as shown origi-

nally in Fig. 26-2. This condenser must 
be large enough so that its reactance at 
the lowest operating frequency is much 
less than the resistance of Rk. The ac-
tion of the cathode bypass condenser is 
as follows: In the absence of a grid 
signal, the condenser charges to the 
cathode voltage of plus 10 volts, as 
shown here. 

A Or 

410v 

Fig. 26-10 (a) 

When the grid signal rises to plus 10 
volts, the plate current increases. How-
ever, the additional plate current does 
not flow through the cathode resistor but 
through the condenser as shown here: 

Fig. 26-10(b) 

The increased plate current ( 5 ria.) 

flows through the condenser rather than 
the resistor because the condenser has a 
much lower impedance path for any chang-
ing current. The original 10 milliamperes 
still flows through the cathode resistor 
maintaining the original bias of 10 volts. 
It is true that C k tends to charge up to a 
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higher voltage while current is flowing 
through it. However, because of its low 
reactance the increase of voltage across 
C k is entirely negligible. 

Now let's see what happens on the 
negative excursion of the grid cycle. In 
this case the grid goes to minus 10 volts 
and the plate current drops to 5 milli-
amperes. This tends to reduce the cath-
ode voltage. However, the cathode con-
denser prevents the cathode voltage from 
dropping by furnishing the necessary 
extra 5 milliamperes to the cathode re-
sistor. This effect is illustrated here: 

5nto 
hOre 

lomoi 
her. 

Fig. 26-10(c) 

1 

B+ 

As the plate current drops and the 
voltage across the cathode resistor tends 
to fall below the condenser voltage, the 
condenser CI, starts discharging through 
Rkas shown by the arrows in Fig.26-10(c) 
The additional current furnished by the 
condenser, plus the plate current of the 
tube, adds up to the original 10 milli-
amperes and so maintains the cathode 
potential at the original 10 volts. The 
discharging of the condenser is relatively 
small, so that t he voltage across it is 
practically unaffected. Thus by a con-
stant process of slight charging and dis-
charging, the cathode bypass condenser 
maintains a constant cathode potential 
and constant bias, preventing degeneration. 

Signal Bias. — Another type of bias 
encountered in TV sets is " signal" bias. 
This is also known as grid- leak bias. 
Signal bias gets its name from the fact 
that the bias is derived by rectifying a 

portion of the grid signal. A basic circuit 
to illustrate the principles of signal bias 
looks like this: 

cc 

signal 

r 

- 

Fig. 26-11 

The generator represents the source of 
a-c signal. We have left the plate circuit 
incomplete to avoid unnecessary com-
plications. We just said that the bias 
comes from the iectification of the grid 
signal. This rectification takes place in 
an amplifier tube when the grid is driven 
positive with respect to the cathode. The 
grid then acts as the plate of a diode, 
with the cathode performing its normal 
function. 

Grid leak bias is developed as fol-
lows: A signal is applied to the grid. On 
its positive excursion, the signal drives 
the grid more positive than the cathode. 
This causes grid current to flow through 
C, and the generating source as shown 
in Fig. 26-11. The action of this grid cur-
rent is such as to place a charge in the 
grid condenser. As indicated in Fig. 26-11, 
the polarity of this charge is such that 
it is negative at the grid side. The grid 
condenser charges for a portion of each 
positive cycle. For the remainder of the 
cycle, it discharges as shown in Fig. 
26-12, through the grid resistor and the 
generating source. The discharge current 
through the grid resistor keeps the grid 
negative. This discharge is at a much 
slower rate (longer time constant) than 
the charging rate through the tube. Thus, 
the grid condenser charges at a rapid 
rate, for a small part of a cycle, and 



Types of Bias 

26-9 

Fig. 26-12 

discharges at a much slower rate for the 
remainder of the cycle. The discharge 
and charge are slight after equilibrium 
has been established. This means that 
the voltage across the grid condenser 
(bias) becomes practically constant. 

The magnitude of bias depends mainly 
on two factors: 

1. The peak amplitude of signal 
2. The size of R 

Increasing either of these factors will 
increase the bias. Increasing the peak 
amplitude of signal will increase the 
available charging voltage. Increasing 
the size of R , on the other hand, will 
increase the percentage of input signal 
to which Cc is able to charge. For ex-
ample making R very large ( several 
megohms) 'will force Ce to charge to the 
peak value of any input signal, thus pro-
viding maximum bias for that signal. 

In circuits using grid leak bias (am-
plifiers and oscillators) the presence or 
absence of such bias indicates to us 
whether or not an input signal is present. 
This provides us with an important aid in 
troubleshooting. 

Fixed Bias. — The third type of bias 
is known as fixed bias because the bias 
voltage is one which is obtained from 
a source external to the tube and has a 
fixed amount independent of signal 
strength or tube operation. The source of 
fixed bias voltages, is invariably a tap 
on the bleeder of the low voltage power 
supply. A circuit showing how fixed bias 
is applied is shown in Fig. 26-13. 

Fig. 26-13 

The power supply circuits are not 
shown here for the sake of simplicity. 

No current flows through R because 
of the fixed bias voltage. Th ere fore, the 

entire amount of bias voltage from the 
power supply is applied to the grid, since 
there is no voltage drop across the grid 
resistor. 

Combination Bias. — Some circuits 
use a combination of two of the preced-
ing types of bias. These combinations 
usually consist of: 

1. Cathode and fixed bias, or 
2. Cathode and signal bias 

A circuit using cathode and fixed bias 
looks like this: 

fixed bias or 

AGC voltage T+. 

Fig. 26-14(a) 
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This type of arrangement is sometimes 
found in some of the picture i-f stages 
which are controlled by an AGC voltage 
applied to the grid. A circuit using com-
bination cathode and signal bias, looks 
like this: 

Fig. 26-14(b) 

This type of bias arrangement is some-
times found in horizontal amplifier stages 
and sound i-f amplifiers. 

TYPES OF COUPLING 

26-4. In the preceding examples of 
this lesson we have shown the signal 
coupled into and out of the amplifier by 
a resistor — condenser combination. This 
system is commonly known as RC cou-
pling. Two other types of coupling are 
found in television receivers. These are: 
(a) impedance coupling, and ( b) trans-
former coupling. 

Impedance Coupling. — Let's first 
take a look at a simplified diagram, Fig. 
26-15(a), showing an example of impedance 
coupling . 

This is actually a form of RC coupling 
but with some important differences. 
First, the load in the plate circuit is a 
tuned coil, rather than a resistor. This 
means the plate load coil presents a 

input 

Cc 

RK CK CD 

Fig. 26-15(a) 

IRg 

high impedance to the plate for only a 
particular band of frequencies. Since the 
plate load is a coil there is no appreci-
able d-c drop across it due to the steady 
plate current. This differs from the case 
of RC coupling with a resistance plate 
load, which did not have any appreciable 
frequency discrimination but produced an 
appreciable d-c voltage drop in the plate 
circuit. 

There is yet another factor that as-
sumes considerable importance in im-
pedance coupling. This is the effect of 
the grid resistor R in shunting the plate 
coil. This may not tie immediately obvious 
so we will redraw the impedance coupled 
amplifier, like this: 

ground for 

signal only 

Fig. 26-15 ( b) 
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Note that the bottom of the coil L, is 
effectively grounded as far as signal is 
concerned. This " signal ground" is ac-
complished by the use of the low im-
pedance bypass condenser, Ck, shown in 
Fig. 26-15(a). Coupling condenser Cc is 
designed to have a very low reactance at 
the normal operating frequencies. There-
fore, as far as signals are concerned ( but 
not d- c), the condenser may be assumed 
to have practically zero reactance. Under 
the above conditions then, R is seen to 
be effectively in parallel well the coil. 

This effective paralleling of the re-
sistor and coil is important to the circuit 
operation. It acts on the coil in such a 
way as to reduce its effective impedance. 
This causes the coil to have a broader 
frequency response than if the resistor 
were not shunting it. The value of re-
sistor is often quite critical. The lower 
the value of resistance, the broader is 
the frequency response of the circuit. 
This increase of bandwidth is always 
accompanied by an inevitable loss of 
gain. The gain is lower because the ef-
fective impedance of the plate load has 
been reduced by the shunting resistor. 

This same shunting effect of R on 
the plate load also occurs in the case of 
the conventional RC—coupled amplifier, 
previously described. However, the value 
of R5 is generally very large here and the 
shunting effect is usually neglected. 

Transformer Coupling. — The third type 
of coupling found in TV sets is trans-
former coupling. An example of this is 
shown here: 

aeput 

Fig. 26-16 

This is a simplified drawing to illus-
trate the principles involved. In trans-
former coupling, there is no component 
connected between the plate of the one 
amplifier and the grid of the following 
tube. Therefore, in this type of coupling 
we have no problem of blocking B plus 
from the following grid. 

Transformer coupling operates in the 
following manner. In the plate circuit of 
the amplifier we have a plate load con-
sisting of a parallel resonant circuit,L 1 
and C1. This presents a high impedance 
to the plate at the resonant frequencies, 
and some side frequencies. When current 
flows through L1 a magnetic field is set 
up which cuts across the secondary coil 
L2 . A voltage is induced in L 2 which 
causes a secondary current to flow in 
L2 and C 2. This current develops a vol-
tage across C 2, which is the applied grid 
voltage of the following tube. 

In most cases, the effect of the sec-
ondary coil L 2 upon the primary coil L1 
is slight and can be neglected. Since both 
primary and secondary circuits may be 
tuned in transformer coupling a greater 
control of the amplifier frequency response 
is possible. Another important advantage 
in transformer coupling is that a " gain" 
over and above that of the amplifier tube 
itself, can be realized. 

SPEC I AL AMPL IF ¡ ERS 

26-5. Most amplifiers are designed so 
that they amplify the entire input signal 
in an undistorted manner. One exception 
to this is the mixer stage, whose opera-
tion we have previously discussed. There 
are other exceptions to linear amplifiers 
in TV sets, notably amplifiers dealing 
with sync pulses. A good example is the 
sync separator. This is an amplifier 
which has as its input the entire com-
posite video signal, and as its output, 
only the sync pulses. There are several 
ways of operating an amplifier to accom-
plish this. One method is shown in simpli-
fied form in Fig. 26-17(a). 

This is an amplifier to which a fixed 
bias of 8 volts has been applied. The in-
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Fig. 26-17(a) 

put signal consists of the composite 
video signal with positive sync pulse 
polarity. The amplifier must act upon the 
input signal in such a way that only the 
sync pulses will appear in the output. 
This may be accomplished by proportion-
ing the input signal amplitude and the 
bias so that the tube will only conduct on 
the sync pulses. In Fig. 26-17(a) we show 
the input signal as it might appear on 
the grid. Note that the positive peak am-
plitude is 6 volts. The sync pulses start 
at plus 4 volts and go to 6 volts. 

cut -off 
bias -4v 

applied 
bias -8v 

tube conducts for shaded portions only 

Fig. 26-17(b) 

tube is cut-off 

in this region 

In Fig. 26-17(b), we can see more clear-
ly how the amplifier operates. The ap-
plied bias is 8 volts, but the cut-off 
bias for this tube is only 4 volts. As the 
signal is applied and begins to go posi-
tive, the tube remains cut off until the 
signal amplitude rises 4 volts. This just 
overcomes the cutoff bias and permits the 

tube to begin conducting. Note that the 
point at which the tube begins to con-
duct, is at the bottom of the sync pulse. 
The sync pulse starts at 4 volts and 
rises two volts additionally. This entire 
two-volts pulse is passed by the tube and 
amplified as shown in Fig. 26-17(a). How-
ever, when the signal voltage drops be-
low 4 volts the tube again cuts off and 
there is no output. Thus, this special 
amplifier ( sync separator) amplifies only 
the sync pulses and rejects the remainder 
of the composite signal. 

PENTODE AMPLIFIERS 

26-6. Up to this point, we have dis-
cussed the operation of amplifiers, based 
upon the example of a simple triode type. 
Many of the amplifiers in a television set 
are pentodes. Some of these are; ( a) 
sound and picture i-f amplifiers ( b) audio 
output and (c) horizontal output stage. 
Thus, before we go into the procedure for 
troubleshooting amplifiers, we must see 
how pentode amplifiers differ from tri-
odes. 

A schematic diagram of a typical pen-
tode amplifier with a resistance plate 
load is shown in Fig. 26-18. 

Before we see how a pentode ampli-
fier differs from a triode type, let's first 
see how they are the same. The follow-
ing factors apply equally to both types: 

1. The way in which the tube ampli-
fies, as explained previously in the 
discussion of the plate load, ap-
plies equally to the pentode. 

2. The various types of bias are also 
applicable to the pentode. 

3. Input signal considerations are the 
same. 

4. Degeneration problems are the 
same except that there is an ad-
ditional possibility for degenera-
tion in the screen grid circuit. 

In short, triode and pentode amplifiers 
are basically alike. However, there are 
some important advantages of using pent-
odes for amplifiers instead of triodes, 
for certain applications. In general, pent-
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odes are capable of delivering more gain 
than triodes. This is because: 

1. Pentodes may have lower values of 
interelectrode capacitance. 

2. Pentodes may have higher values of 
amplification factor, or " mu". 

The meaning of amplification factor is 
not always too clear. Let's take out a mo-
ment at this point to try to clarify its mean-
ing. In our discussion of triodes before, 
we saw how a change of grid voltage caused 
the plate current to change. This occurred 
because of the change of internal plate re-
sistance. While we didn't mention it at 
the time, we can change the plate current 
by leaving the grid voltage fixed and chang-
ing the plate supply voltage. We don't nor-
mally do this in actual amplifier operation 
but it gives us a method of measuring the 
so-called "amplification factor" of a tube. 
The amplification factor ( mu) is a number 
which gives us the maximum theoretical 
gain of an amplifier tube. This maximum 
theoretical value of gain is never realized 
in practical circuits but helps us to deter-
mine how much gain we can get from a 
particular type tube using practical circuits. 
The way we measure the amplification fac-
tor of a tube is as follows: vary the grid 
voltage a small amount and note the re-
sultant change of plate current. Then with 
the original grid voltage fixed, vary the 
plate voltage an amount necessary to ca use 
the same change of plate current as before 
Divide the change in plate voltage by the 
change in grid voltage. The resultant fig-
ure is the amplification factor of the tube. 
For example, if a grid voltage change of 
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0.1 volt thanges the plate current as much 
as a plate voltage change of 10 volts, the 
"mu" is 100, (or 10 d.ivided by 0.1). This 
answer tells you how much more effective 
the grid is in controlling plate current, 
than the plate is and thus indicates how 
well the tube may amplify. In general, volt-
age amplifier type pentodes have higher 
values of amplification factor than voltage 
'amplifier triodes. This means that when 
we desire to have larger values of voltage 
amplification, pentodes are used. 

A Pentode Circuit. — Let's now take 
a closer look at Fig.26-18 to see how the 
pentode circuit differs from that ot the 
triode. The pentode has two additional 
grids as compared to a triode—the screen 
grid and the suppressor grid. The screen 
grid was originally introduced to reduce 
internal plate-to-grid capacitance, and 
thus reduce the possibility of the ampli-
fier breaking into oscillation. The plate-
to-grid capacitance provided a path for 
energy to feed back from the plate to the 
grid which might produce self-sustained 

oscillations. The introduction of a screen 
grid greatly reduces the possibility of 
oscillations. However, the screen grid 
introduces some new circuit complica-
tions. This is because the screen grid 
must be operated at a positive potential. 
Furthermore, the positive potential is 
generally less than the B plus source 
and less than the plate voltage. The 
desired screen potential is generally ob-
tained by connecting the screen grid to 
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B plus through a screen dropping re-
9istor (R, in Fig. 26-18). Since screen sc 
grid current flows through Rsc , we can 
get practically any value of screen volt-
age we want by selecting the proper 
value of resistor. 

Having connected a screen dropping 
resistor in the circuit, we are faced with 

the possibility of having degeneration oc-
cur in the screen grid circuit. The effect 
of screen grid degeneration is similar to 
that of cathode degeneration — that is, 
a loss of gain. To prevent screen grid 
degeneration, we do what we did for the 
cathode circuit: bypass the screen re-
sistor with a condenser. This condenser 
is labeled C cs ,in Fig. 26-18. 

Screen Grid Degeneration. — We saw 
previously how the control grid in a tri-
ode was able to control the plate current 
and how degtneration was produced be-
tween the control grid and cathode. Well, 
the screen grid is also able to control 
the plate current. However, its degree of 
control (transconductance) is consider-
ably less than that of the control grid. 
The reason for this is that the screen 
grid is much farther from the cathode than 
the control grid. Since the screen grid is 
able to control plate current to some ex-
tent, it is possible to have screen grid 
degeneration, if the screen voltage is 
made to vary in a direction opposite to 
that of the control grid. 

Let's take an example to see how this 
works out. Assume there is a screen re-
sistor present, but no screen bypass con-
denser. When the control grid goes more 
positive with signal, the plate and screen 
currents both increase. The increased 
screen current produces an increased 
drop in the screen resistor. The result is 
a decreased screen voltage. This de-
creased screen voltage acts to limit the 
increase of plate current. Instead of the 
plate current increasing by say, 10 milli-
amperes, it only increases now by 7 
milliamperes. The lesser increase of 
plate current produces a smaller output 
voltage, and a resultant decrease of 
gain. Thus we have a degenerative effect 
if we do not bypass the screen grid re-
sistor. 

To prevent screen grid degeneration we 
add the screen bypass condenser. This 
has a much lower impedance than the 
screen resistor and functions the same 
as the cathode bypass condenser, pre-
viously described. It prevents the screen 
voltage from changing due to signal and 
thus maintains the gain of the pentode. 
For the purpose of trouble shooting, it is 
important to note, that if either the screen 
grid or cathode bypass condensers open-
ed up, the result would be a loss of gain 
of the stage. 

Suppressor Grid. — The second addi-
tional grid in the pentode is called the 
suppressor grid. This grid was added to 
overcome the effects of "secondary emis-
sion" from the plate. When electrons 
strike the plate at high velocity, they 
knock out other electrons from the plate 
structure. These are called "secondary" 
electrons and their emission from the 
plate is known as "secondary emission". 
The secondary electrons have a tendency 
to collect in a "cloud" in the vicinity of 
the plate, forming a space charge. This 
space charge tends to retard the plate 
current electrons going to the plate. The 
suppressor grid is usually connected to 
either ground or cathode and is therefore 
highly negative with respect to the plate. 
This relatively negative suppressor grid 
has the effect of forcing the secondary 
electrons to return to the plate, thus pre-
venting the space charge from forming. 
Electrons from the cathode are still at-
tracted to the plate because of the posi-
tive potential of the screen grid. 

DECOUPL I NG FILTERS 

26-7. A TV receiver consists of a 
number of amplifier and oscillator stages, 
all of which operate from a common low 
voltage power supply. The power supply 
has a certain amount of impedance which 
is common to all these stages. As a result 
it is possible for signals of one stage to 
feed into another stage and cause undesired 
oscillations or other interference. To pre-
vent this coupling through the power supply, 
certain stages are provided with a decou-
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pling filter similar to the one shown in 
Fig. 26-18(R f - Cf). While we show only 
this filter in the plate circuit, such fil-
ters may also appear in control grid, 
screen grid and even filament circuits. 
As you can see in Fig. 26-18, a decou-
pling filter consists only of a resistor 
and a condenser. The resistor Rf is 
placed in series with the voltage source, 
while the condenser Cf is connected from 
the top of the resistor to ground. The ac-
tion of common coupling may be made 
clearer with the aid of this diagram: 

VI 

8. 

z. 
00.er 

1.Pb, 

Fig. 26-19 

.„. 

Here we have 3 amplifiers which get 
their plate voltage from a common source. 
Let us consider the ouput signal of V3. 
This is divided across R i3and Zb,power 
supply impedance, with only a small per-
centage appearing across Zb: This signal 
across Z b may feed back through RL 

and Rgl to the grid of V2. It arrives here 
in phase with the original signal and re-
inforces it. Thus oscillations may be set 
up in V2 and V3 because of the common 
impedance coupling effect of Z b. Now let's 
look at Fig. 26-20 to see how we can pre-
vent this from happening. 

A decoupling filter, Rf-C f, has been 
added in the plate circuit of V3. This 
filter prevents output signals from V3 
from developing across Z b and thus 
eliminates feedback due to this source. 
The decoupling filter operates in the 
following manner. Thc resistor Rf and 
condenser Cf are so proportioned that 

Fig. 26-20 

the reactance of Cf is very much less 
than the resistance Rf. The signal at the 
bottom of RL3 "sees" two paths, a high 
impedance path in Rf and a low imped-
ance path in Cf. Thus, the signal is by-
passed to ground through Cf and does not 
reach the power supply. 

Similar filters may be found in control 
grid and filament circuits in some TV 
sets. 

A -C AND D-C PATHS 

26-8. Now that we have looked over 
the circuit of a typical pentode amplifier, 
let's examine it again with a slightly dif-
ferent emphasis .in mind. That is, to trace 
out the signal paths and the d-c paths. 
We can do this with the aid of the dia-
gram given in Fig. 26-21. 

The darker lines show the paths of 
the a-c signal. Light lines show the d-c 
only. Thus the a-c signal comes in 
through Cc and R to the grid of the am-
plifier tube. The e-c signal is amplified 
by the tube and plate load action. Thus 
R is part of the a-c signal path. The 
bottom of RL is connected to condenser 
Cf. This grounds the a-c signal. Only 
d-c then flows through Rf. In the screen 
grid circuit condenser C. is the a-c 
signal path. It grounds the a-c signal of 
the screen grid. In the cathode circuit, 
C K is the path of the a-c signal, with 
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Fig. 26-21 

only d-c flowing through RK. Thus, wc 
see that three resistors have d-c only. 
These are, RK, R sc and R f. One re-
sistor has a-c only. This is R . 

Finally, one resistor has both a-c and 
d-c. This is the plate load R. All con-
densers have both a-c and d-c imposed. 
These condensers pass the a-c but block 
d-c. 

The a-c in RL is actually a fluctua-
ting d-c signal as previously explained 
in the discussion of the load resistor. 
However, when the fluctuations of d-c 
pass a condenser such as Cc, the re-
sultant signal across R becomes pure 

FUNCTIONS OF THE COMPONENTS 

26-9. In concluding our discussion of 
the functioning of amplifiers, we are go-
ing to present a summary of the functions 
of each component in our typical pentode 
amplifier. Refer to Fig. 26-18 for the 
schematic diagram. 

Coupling Condenser (Cc). — In general 
this is required to block d-c plate voltage 
of the preceeding stage from the grid of 
the next amplifier. It blocks the d-c while 
passing the signai ( a-c component) to the 
grid of the next tube. If we don't block 
d-c from the grid, it will change the bias 
of the amplifier and may produce unde-
sired distortion of the signal. 

There are several reasons why we 
need a grid resistor in our amplifier. As 
we mentioned before, the grid resistor 

fig 

provides a discharge path for the cou-
pling condenser C. If a high peak volt-
age signal is applied to the grid, the 
grid will usually draw current, charging 
up Cc. If no grid resistor is present, the 
charge in Cc may be high enough to bias 
the amplifier beyond cutoff. This effect 
is generally known as "blocking", since 
it prevents the amplifier from operating. 

Another reason we need a grid re-
sistor is to reduce pickup in the grid cir-
cuit, of extraneous signals. Without a 
grid resistor, the grid impedance be-
comes extremely high. This makes the 
grid susceptible to voltage pickup of 
various stray signals. Such signals as 
hum, sync, and oscillator voltages may 
produce considerable interference due to 
grid pickup. In the case of 60-cycle hum 
pickup, this is generally only important 
in the first stage of a high gain ampli-
fier. For instance, if the grid resistor of 
the audio voltage amplifier should open 
up, we might get appreciable hum pickup. 

A third function of the grid resistor 
is to provide a d-c voltage path from grid 
to cathode. Without this d-c path it would 
not be possible to control the grid-to-
cathode bias. Not being able to control 
the bias means that we could not fix the 
operating point of the amplifier. 

Cathode Bias Resistor (RK ). — As its 
name implies, this resistor develops the 
the desired bias for the amplifier when 
cathode current passes through it. The 
value of this resistor is therefore very 
important in determining the operating 
characteristics of the amplifier. 
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Cathode bias condenser (CK )• — The 
function of this condenser is to maintain 
the cathode bias at a constant value, 
with or without an applied signal. If this 
condenser were missing, or open, the 
bias would vary with the signal and a 
loss of output would result. 

Screen Dropping Resistor R. — This 
resistor reduces the B plus voltage of 
the power supply to the value desired at 
the screen grid. 

Screen Bypass Condenser C.c. — This 
prevents variations in screen grid volt-
age, when a signal is applied to the con-
trol grid. Such variations cause screen 
grid degeneration and result in a loss of 
gain in the amplifier. Thus, an open 
screen bypass condenser results in a re-
duction of amplifier gain. The combina-
tion of R and C also acts as a decou-sc sc 
piing filter. This prevents signals pre-
sent at the screen grid from feeding into 
other stages, through the power supply. 

Plate Load Resistor R L . — This re-
sistor is required, in order to develop an 
amplified output signal. Variations of 
plate current cause variations of plate 
voltage to appear, because of this re-
sistor. The variations of plate voltage 
represent the amplified signal. 

Plate Decoupling Filter Rf-C f. — The 
purpose of this condenser-resistor com-
bination is to prevent any of the plate 
signals from getting into the power sup-
ply. If this happened, the plate signals 
might feed back to another stage and 
cause undesired oscillations. The decou-
piing condenser Cf is an a-c ground for 
the signal. If this opens up, the decou-
piing resistor becomes part of the plate 
load and may change the gain of the am-
plifier. 

Now that we have seen what ampli-
fiers should do, we are going to see what 
happens when they don't do what they are 
supposed to. We are also going to find 
out how various defects may be localized 
by means of the voltmeter. 

TROUBLESHOOTING AMPL ¡ FIERS 

26-10. Many servicemen make it a prac-
tice of carrying a multimeter to each serv-
ice job. Therefore,we are going to discuss 
methods of troubleshooting amplifiers 
with the aid of the multimeter. Later on 
we will see how to use the multimeter in 
troubleshooting oscillators and rectifiers. 

After the trouble has been localized to 
a section of the receiver, the specific 
defect causing the trouble can be con-
sidered in two general classes — those 
that change the d-c operating voltages 
and those that do not. Troubles that do 
not change the d-c voltages usually in-
terrupt the signal path. Finding the de-
fective part here is a problem of knowing 
what components can interrupt the signal 
path without changing the d-c voltages. 
You can use the multimeter to locate a 
defective component that changes the d-c 
operating voltages. 

What is "Normal" Voltage. — Suppose 
we have a TV set to service and we 
think that the plate voltage of one of the 
amplifiers is too low. How do we know 
that the reading is too low. Well, we 
must determine this fact by comparing 
the reading we get with the "normal" 
reading for this amplifier. How do we 
know what normal is? There are several 
methods of determining this, two of which 
are: 

1. Check reading given in the sche-
matic diagram or voltage chart. 

2. Compare reading with that of another 
receiver of the same type. 

In the "fine print" on schematic diagrams, 
you may determine such things as the 
type of meter that was used for the in-
dicated voltages,whether or not there was 
an input signal, if some control had to 
be set a special way and other important 
information. 

In addition it is usually stated that 
voltages may vary as much as plus or 
minus 20 per cent, with a 117 volt a-c 
supply. If the meter you are using has a 
lowerimpedance (ohms-per- volt rating) than 
the one specified in the schematic read-
ings, or voltage chart, you may find that 
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certain readings are low even though the 
set is operating normally. In general you 
will have such difficulties only when 
measuring voltages in high resistance 
circuits. 

The best thing to do is take the meter 
you will be using and measure the volt-
ages on a good TV set. Compare thé 
readings you get with those given in the 
schematic. Note which circuits give rela-
tively unchanged readings and which 
circuits are definitely affected by the 
impedance of the meter. As we said, 
only high- resistance circuits will give 
you any difficulty on this score. 

If the line voltage is other than 117 
volts, you may have greater deviations 
than 20 percent and still get normal 
operation. 

Another way of finding out what the 
"normal" reading should be, is to com-
pare it with a receiver of the same type, 
which is known to be in good operating 
condition. Servicemen usually make this 
comparison when new models first appear. 

Amplifier With Plate Voltage Low. — 
Suppose we get a TV set to service and 
we determine, by comparison with the 
normal reading, that the plate voltage is 
actually considerably less than it should 
be. This may be the result of: 

(a) 
(b) 

Decreased supply voltage. 
Low plate voltage may also result 
from some condition that has upset 
the voltage divider relationship 
between the internal plate resist-
ance and the plate load, due to a 
defective component or tube, or by 
incorrect bias applied to the tube. 

Low Sim)ly Voltage. — It is possible 
that the low plate voltage is caused by 
the fact that one of the taps on the 
bleeder resistor of the low voltage power 
supply is not delivering the rated voltage. 
This may be determined by measuring the 
voltage at the B+ side of the plate load 
RL. Also measure the supply voltage as 
it is applied to another stage of the 
receiver. If you also get a low reading 
here, it is time to suspect the power 

Fig. 26-22 

supply. However, if the voltage reading 
on another stage is normal, this indicates 
trouble in the Rf-Cf decoupling filter of 
the defective stage. 

Defective Rf-C f Reduces Plate voltage. 
This form of supply-voltage trouble does 
not originate at the low voltage power 
supply. Consider this diagram: 

voltmeter shows 

low supply 

Voltage here 

A particular defect in either Rf or Cf 
could cause a low plate voltage reading 
by reducing the available supply voltage 
to RL. The voltmeter in Fig. 26-22 would 
show a low reading at the junction of 
Rf and RL , but a correct reading at the 
B+ terminal. This could be caused by an 
increase in the value of Rf. You can 
check with the ohmmeter. It could also 
be caused by a leaky or shorted Cf. Dis-
connect one side of Cf and check with 
the ohmmeter. A defective condenser here 
would cause additional current to flow 
through Re, as indicated by the dotted 
arrows in Fig. 26-22, thus reducing the 
voltage available for RL. 

High Value of R L Reduces Plate Volt-

age. — A second factor that might cause 
a low plate voltage reading is an in-
creased value of the plate load resistor, 
RL. Heat and normal aging sometimes 
cause this to happen. 

As shown in Figs. 26-4, 26-5, and 26-6, 
the actual d-c voltage at the plate at any 
instant is determined by the constants of 
a voltage divider made up of the tube's 
internal plate resistance ( r ) and the 
external plate load resistor R. In the 
event that the value of RL increased 
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appreciably, the original voltage divider 
distribution would shift with more voltage 
developed across RL and less across rn. 
Thus, a low plate voltage reading would 
result. The value of RL can be checked 
with the ohmmeter. 

Low Et Reduces Plate Voltage. — The 
other part of the voltage divider consists 
of the internal plate resistance r of the p 

tube. What could cause rP to decrease? 
There are two possibilities: The tube is 
bad, or a defective component makes the 
tube conduct too much current. If the 
trouble is due to a defective tube, sub-
stitution with a tube known to be good 
will eliminate this possibility very simply 
and quickly. If the tube is good, the 
trouble is in one of the other components 
of the circuit. 

Shorted Output Coupling Condenser. — 
A shorted output coupling condenser, Cc, 
usually causes a condition of low plate 
voltage. One p ossibility i_3 shown here: 

V 

/o.v 8+ 

shorted 
condenser 

Cc 

Fig. 26-23 

4. 

V2 

current due to 
shorted Cs 

Le 

This shows a resistance plate load, 
and a tuned coil (L,) in the grid circuit. 
The resistance of he coil is very low. 
If Cc should short, or become very leaky 
current would flow as shown by the 
arrows. The subsequent drop across RL 
reduces the plate voltage to a low value. 
Even if the input circuit has a high re-
sistance Re instead of the coil Lg the , 
plate voltage of the preceding tube could 
be reduced in the same way. R would 

be shunted by the low-resistance current 
path from cathode to grid through the tube 
when it draws grid current because of 
the positive grid voltage caused by the 
shorted coupling condenser. 

A quick check can be made to deter-
mine if Cc is at fault. Pull out the tube 
Vi. If the plate voltage of VI does not 
jump up immediately to equal the supply 
voltage, Cc is at fault. 

Decreased Bias Causes Low Plate Volt-

age. — A decrease of bias can cause the 
plate resistance, rn, to drop. Bias may 
be measured with the voltmeter and 
checked against the normal value. In the 
case of cathode bias, a decrease of cath-
ode resistance, or a shorted or leaky 
cathode bypass condenser may bring 
about this condition. These components 
may be checked with the ohmmeter, al-
ways remembering to disconnect one side 
of the condenser first. A decrease of 
fixed bias may be due to a defect in the 
low voltage power supply and you will 
have to check back there with the volt-
meter. 

A special consideration exists if all 
or part of the bias is grid-leak signal 
bias. In this case, it is possible to have 
a decrease of bias when no defect exists 
in the amplifier. This could be caused 
simply by the fact that the input signal 
amplitude is too low. In this case the 
defect is in a preceding stage 

You must be careful when interpreting 
the measured value of signal bias be-
cause grid- leak bias circuits usually have 
high resistance. Even a 20,000 ohms-per-
volt meter may show an abnormally low 
reading when everything is normal. It is 
best to use the highest voltage scale 
possible, with such a meter, to get the 
least error in your reading. In the case of 
an electronic voltmeter or similar meter, 
you can use a low scale safely because 
all the d-c scales have the same high 
input impedance. 

For any type of grid bias, if the cou-
pling condenser Cc in the input circuit of 
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the grid is shorted or leaky, the resultant 
positive voltage in the grid circuit will 
decrease the negative bias. 

Plate Voltage May Become Negative. — 
A condition of excessive plate current 
which is usually caused by low bias, may 
cause a negative voltage to appear at the 
plate if the grid and cathode are returned 
to a negative voltage instead of ground. A 
simple circuit showing this possibility is 
given here. 

excessive'....\ 
current 
here 

ee 

Fig. 26-24 

ground 

voltmeter 
may read 
negative 

We have the same old voltage divider 
relationship between tube and load here. 
However, the bottom of the voltage di-
vider is returned to a negative potential 
rather than ground. Thus, if the internal 
plate resistance becomes low enough be-
cause of excessive plate current, a nega-
tive voltage may actually appear at the 
plate.This condition could also be caused 
by a very radical increase in the value of 
RL, or by a radical decrease in the posi-
tive voltage supply. 

You can appreciate from the foregoing, 
that there are actually a number of things 
that can cause low plate voltage in an 
amplifier. Be sure to keep all of these in 
mind as the defect may be any one or a 
combination of these possibilities. 

Plate Voltage Equals Supply Voltage.— 
Now that we have seen what may cause 
the plate voltage to be too low, let's 
figure out the causes of excessively high 
plate voltage, as compared to normal. In 
general, this condition may be caused by 
an increase of power supply voltage, 
which is generally the result of shorted 
or changed bleeder components. 

As was the case when the plate voltage 
was too low, abnormally high plate volt-
age may be caused by a defective com-
ponent or tube, or by incorrect bias. In 
other words any factor which upsets the 
voltage divider relationship of the tube 
and load, in the opposite direction to the 
previous example of low plate voltage 
will cause thè plate voltage to rise above 
normal. 

Let us first consider the case where 
we measure the plate voltage and find it 
equal to the B plus supply voltage, as 
illustrated here: 

Fig. 26-25 

R, 

84- ground 

voltmeter 
reads 8+ 
here 

This fact instantly gives us an impor-
tant clue. No plate current is present in 
the amplifier circuit. A shorted plate load 
resistor R would, of course, put full B 

plus voltage on the plate, but this is very 
unlikely. The usual tendency of resistors 
is to increase in value due to normal 
aging. If a resistor decreases radically 
in value, this is generally caused by 
another component failure drawing ex-
cessive current through the resistor. 

(We might point out here, that if the 
plate load is a coil, the plate voltage is 
normally close to B plus. This happens 
because the d-c drop through the coil is 
negligible, due to its low resistance.) 

Having eliminated the plate load re-
sistor, this leaves the tube proper and 
its bias circuits. The most obvious tube 
trouble resulting in zero plate current 
would be burned out filaments. Of course 
this is easily checked by visual inspec-
tion with a glass tube, or feeling the 
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tube to find out if it is warm. If the fila-
ments don't light up, there's the trouble. 
Other tube defects, such as open ele-
ments may cause this trouble, so sub-
stitute a good tube to check. Poor socket 
pin connections is another possibility 
which should be checked. Assuming the 
tube and socket to be all right another 
possibility is an open cathode resistor•or 
open cathode circuit. Any discontinuity 
in the cathode circuit will prevent plate 
current from flowing. 

A rather unusual thing may happen with 
an open cathode, when measuring cathode 
voltage with a voltmeter. You may ac-
tually get a cathode voltage reading even 
though the cathode circuit is completely 
open. This possibility is illustrated here: 

°Pell 

Fig. 26-26 

B 

What happens here is that the resistance 

of the meter is shunted across the open 
resistor, completing the circuit. Thus, even 
though the cathode circuit is open, we 
read cathode bias.This cathode bias read-
ing will usually be somewhat higher than 
the normal voltage, and this is a good clue. 
However, the cathode bias can never be 
higher than the grid cut-off voltage for the 
tube. There shouldn't be too much diffi-
culty in determining that the cathode circuit 
is at fault. If you measure B plus at the 
plate, it is plain that no plate current, or 
cathode current is flowing. Then if you 
find you can measure cathode voltage 
(and current), you should immediately con-
clude that your meter is completing an 
otherwise open cathode circuit. 

26-21 

Cut Off Bias. — Another cause of hav-
ing the plate voltage equal to supply 
voltage is the presence of cut-off bias on 
the tube. True cut-off bias can come only 
from a fixed source which is independent 
of the plate or grid current of the tube. 
Thud, if a tube is operating from fixed 
bias and the source of bias voltage 
changes sufficiently negative, the tube 
may be completely cut off. With no plate 
current flowing, the plate voltage goes 
to B plus. 

You cannot cut off a tube with cathode 
bias, but you can come pretty close to it. 
For instance, if the cathode resistor 
should increase greatly in value, the bias 
would approach cut off value, but not 
reach it, and the plate current might be 
so small practically the full B+ value 
would appear at the plate. 

Plate Voltage Higher Than Normal.— If 
the plate voltage is appreciably higher 
than normal, but not high enough to equal 
the B plus voltage, we know that some 
plate current is flowing and that there 
are no open circuits in the amplifier. The 
causes of this condition are basically the 
same as when the plate voltage went up 
to B plus. Accordingly we shall simply 
list these causes here, without too much 
discussion. 

1. Decreased screen grid voltage. This 
could be caused by an increased 
value of the screen resistor, or by 
a leaky screen bypass condenser. 
The plate voltage rises here, be-
cause the smaller screen voltage 
reduces the magnitude of plate cur-
rent flowing through the load re-
sistor. 

2. Defective tube. 
3. Excessive cathode bias, due to a 

cathode resistor which has increased 
in value. 

4. Excessive fixed bias, due to a 
change in the components of the 
bias voltage divider. 

5. Excessive signal bias. This may be 
due entirely to an excessively high 
peak signal input. This does not 
have to be a normal signal, but 
could consist largely of noise or 
other extraneous voltages. The value 
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of Rg alsb determines the amount of 
signal bias. An increase of R may 

cause a greater signal bias to 
appear. (This last factor is not im-
portant if the original value of Ru 
is quite large, say 5000,000 ohms 
or more.) 

6. Decreased value of plate load re-
sistor RL' caused by external short. 

7. Decreased value of plate decoupling 
resistor Rf, caused by external short. 

Negative Plate Voltage. — Some am-
plifiers in certain TV receivers are ar-
ranged so that the grid and cathc‘de are 
returned to a negative potential of about 
100 volts or so. In this case, a peculiar 
plate voltage indication may arise with 
the voltmeter. Consider this diagram: 

-I00v Be ground 

Fig. 26-27 

voltmeter reads 

negative 

The grid and cathode are both returned 
to minus 100 volts. This does not, affect 
the bias, which is still developed by the 
cathode resistor. Now, suppose the plate 
load resistor should open up. Normally, 
we might expect to read zero voltage from 
plate to ground. But we read a negative 
voltage when the meter is connected as 
shown in Fig. 26-27. Under the circum-
stances with the negative cathode poten-
tial, this is a perfectly normal situation. 
A negative voltage applied to the cathode 
acts the same as a positive voltage on 
the plate. In fact some types of amplifiers 
receive their entire " plate" voltage by 
applying a negative supply voltage to the 
cathode and then grounding the plate 
resistor. Well, this is exactly what is 
happening here. When we connect the 
voltmeter as in Fig. 26-27, we are con-

necting the resistance of the meter from 
plate to ground. The negative potential 
at the cathode causes plate current to 
flow through the tube and meter. The 
voltage divider between the tube and the 
meter as a plate load still exists except 
that in this case the "plate" supply volt-
age is negative. It is perfectly natural 
therefore, to expect the plate voltage to 
be negative, although less negative (more 
positive) than the cathode. The defect 
here was caused by an open plate load 
resistor which is easily checked with 
your ohmmeter. 

Troubles In Decoupling Networks. — In 
the section discussing the characteristics 
of a pentode amplifier, we mentioned 
some difficulties we might run into with 
a defective decoupling network (See Fig. 
26-18). Let us review these and then see 
what happens when we have a coil for a 
plate load. With a resistance plate load 
(R L) we may observe the following. 

1. An increased value of Rf will cause 
the plate voltage to drop. 

2. A shorted or leaky Cf will cause a 
considerable drop in plate voltage. 

3. An open Cf will probably cause an 
increase of gain, because Rf now 
adds to the plate load resistor. 

Of these three possibilities, the first 
two will remain regardless of the type of 
plate load. The third factor of gain, how-
ever, might change in the opposite fash-
ion. Take this case: 

Is 

Fig. 26-28 

:CF 
—L-

open 
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When Cf is good, it grounds the a-c 
signal at the bottom of the resonant coil. 
Therefore, the only a-c plate load con-
sists of the coil. This coil is tuned to 
be resonant at a certain frequency and 
normally has a high impedance at this 
frequency. This high impedance provides 
the required gain at the resonant fre-
quency. If we have an open decoupling 
condenser (Cf) as indicated in Fig. 26-28, 
our a-c ground at the bottom of L is lost. 
The resistor Rf is now in series with the 
coil. The resistor has a damping effect 
on the coil and lowers its Ç. As a result, 
the plate load actually decreases in 
value. This decreased plate load causes 
a reduction of gain. Thus, you see that 
when the plate load is a resonant circuit, 
an open decoupling condenser may de-
crease the gain. On the other hand, when 
the plate load is a resistor, an open de-
coupling condenser may increase the gain. 

OSCILLA TORS 

26-11. — Now that we have completed 
our discussion of amplifiers we are going 
to turn our attention to our second basic 
circuit — oscillators. As we mentioned 
before, most television receivers employ 
three oscillators. These are: 

1. The heterodyne or r-f local oscil-
lator, operating at very high radio 
frequencies. This oscillator heter-
odynes with the incoming r-f signal 
to produce the intermediate fre-
quencies. 

2. The horizontal defle ction oscillator, 
operating at a fixed frequency close 
to 15,750 cps. This oscillator deter-
mines the rate of horizontal scan-
ning and is the source of the hori-
zontal sweep signal. 

3. The vertical deflection oscillator, 
operating at a fixed frequency close 
to 60 cps. This oscillator deter-
mines the rate of vertical scanning, 
and is the source of the vertical 
sweep signal. 

What is the Function of Oscillators? — 
Generally speaking an oscillator func-
tions to change d-c from-the powér supply 
into a-c. It is a type of a-c generator 
operating from a d-c source. We already 

know that the function of amplifiers is 
to increase the magnitude of the voltage 
or power applied to its input. However, 
note that with amplifiers,, we must supply 
an input generated at some external 
source. Oscillators are somewhat similar 
to amplifiers, except that they are re-
quired to supply their own input. This 
grid input is obtained by taking some of 
the plate circuit output and feeding it 
back to the grid input circuit. Oscillators 
are self-sustaining a-c generators which 
do not require an external signal to oper-
ate. Thus an oscillator is sometimes 
described as " an amplifier with its tail 
in its mouth". 

Another distinguishing feature of an 
oscillator is the waveshape of its output. 
With an amplifier, you can apply a wave 
of practically any shape to the input, and 
get an amplified version of this wave in 
the output. Not so with an oscillator. 
Oscillators in general are capable of pro-
viding only one type of output waveform. 
The type of waveform is determined by 
the grid and plate circuits and to some 
extent, by the operating conditions of the 
tube. 

Since all oscillators operate on the 
same basic principles, we are first going 
to see what these basic principles are. 
Afterwards, we will discuss methods of 
troubleshooting oscillators using the 
multimeter. Much of the information given 
in the section on amplifiers will also be 
applicable to oscillators. 

Basic Principles of an Oscillator. — 
Practically all oscillators may be repre-
sented by this simplified diagram: 

feedback 

circuit 

gr"d 

circuit 

plate 

Fig. 26-29 
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This shows that the basic components 
of most oscillators are: 

1. An amplifier tube, either triode or 
pentode. 

2. A frequency determining circuit. 
This may be part of the plate or grid 
circuits, or both. 

3. A feedback circuit. This feeds some 
of the output back to the grid. 

Most TV sets have two general types 
of oscillators. One type is used for the 
r.-f heterodyne oscillator. This is a very 
high frequency, sine wave oscillator, 
whose operating frequency is determined 
almost entirely by a resonant L-C circuit. 

The other type of oscillator is used to 
produce the horizontal and vertical scan-
ning. This is frequently in the form of a 
"blocking" oscillator. The blocking os-
cillator is of special interest to us at 
this time because it actually has two op-
erating frequencies. This effect may be 
made clearer with the aid of these wave-
forms: 

jT 
Fig. 26-30 (a) 

These are the waveforms that would 
appear at the grid of a typical blocking 
oscillator. First of all, note that these 
waves consist of single, incomplete sine 
waves spaced by some definite interval. 
In a blocking oscillator, the frequency of 
greatest interest to us is the repetition 
frequency. That is, the rate at which the 
individual sine waves are repeated each 
second. For example, in the horizontal 
oscillator, the repetition rate would be 
about 15,750 times per second . In the ver-
tical oscillator the repetition rate would be 
about 60 times per second. 

The second frequency is the natural 
resonant frequency of the oscillator. You 
can best picture this by looking at the 
individual sine waves of Fig. 26-30(a) and 
imagining them to be continuous. If they 
were continuous this would be our other 
frequency. This natural resonant fre-
quency is important in the design of the Fig. 26-30 ( b) 

blocking oscillator since it determines 
the width of the sine wave pulse. How-
ever, we have no control over this factor 
and from the point of view of trouble-
shooting it does not particularly concern 
us. 

We have said, that for an oscillator to 
operate, we must take some of the energy 
from the plate circuit and return it to the 
grid circuit. This energy must be: 

a. In phase with the original grid volt-
age (in order to aid it) and 

b. Of sufficient amplitude to overcome 
all of the various losses in the 
oscillator circuit. 

In a properly running oscillator these 
requirements are always met. The process 
of returning output energy to the grid 
circuit is commonly known as feedback, 
and the circuit performing this is the 
feedback circuit. 

Feedback. — The feedback may be re-
turned to the grid inductively,capacitive-
ly , or sometimes by a combination of both. 
In inductive coupling, feedback energy is 
transferred from plate to grid circuits by 
transformer action, as in the blocking 
oscillator. In the case of capacitive cou-
pling, either an actual condenser or tube 
interelectrode capacities may be the 
medium which couples the feedback ener-
gy to the grid. 

An example of inductive feedback is 
the type employed in a blocking oscil-
lator, a simplified diagram of which is 
shown here: 

Bi-
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Very briefly, inductive feedback oper-
ates in the following manner. Assume the 
plate current through L to be increasing. 
An expanding field will build up about 
L and the voltage across this coil will 
have the indicated polarity. A voltage 
will now be induced in Lg such that the 
grid is driven pos itive. This positive grid 
voltage aids the plate current to increase 
as it was doing originally. Thus, the 
feedback is in the proper phase to sus-
tain oscillations. 

Oscillator Bias. — Practically all os-
cillators use signal, or grid leak bias. 
As explained previously, signal bias is 
produced when grid current charges up 
the grid condenser on positive portions 
of the grid signal. 

The important thing to remember is that 
you cannot have signal bias without 
signal. An oscillator generates its own 
signal. Therefore, the presence or lack 
of bias is an important aid in trouble-
shooting oscillators, as we shall see in 
a little while. 

Bear in mind that oscillators are basi-
cally the same as amplifiers with the 
very important exception that oscillators 
supply their own input signal. This means 
that whether or not an antenna signal is 
present, the oscillators should still op-
erate. In other words, any time you turn 
the receiver on, signal or no signal, the 
oscillators should be working. Remember-
ing this vital fact, we may proceed to 
troubleshooting oscillators in a manner 
similar to that used for amplifiers. 

TROUBLESHOOTING OSCILLATORS. 

26-12. — There are two basic ways in 
which oscillators can become a source of 
trouble. These are: 

1. Changes of oscillator frequency. 
2. Changes of the oscillator output 

wave form, or no output wave. 

In the first case, when the frequency 
changes, the cause depends primarily on 
the type of oscillator. Where a blocking 
oscillator is concerned,frequency changes 
are generally caused by grid circuit 
troubles, and particularly by a faulty grid 

resistor. Of course, when speaking of the 
blocking oscillator, the only frequency 
we are concerned with is the repetition 
frequency ( sometimes called the "relaxa-
tion frequency). The grid resistor is not 
the only cause of frequency changes in 
the blocking oscillator. Almost any de-
fective component or improper applied 
voltage will produce some frequency 
change. However, it is true that in the 
blocking oscillator, serious frequency 
changes are most often caused by a grid 
circuit defect. 

In the case of a sine wave oscillator, 
such as the local heterodyne oscillator, 
grid circuit changes do not usually have 
any serious effect on the oscillator fre-
quency. About the only factor which will 
cause such serious frequency changes is 
a change in the inductance or capacitance 
of the L-C frequency determining circuit. 
In this case, it is important to remember 
that the oscillator tube capacities help 
to determine the frequency. Thus a de-
fective tube, or even a new one, may 
cause sufficient change of tuning capaci-
ty to change the oscillator frequency. A 
trouble in the Fine Tuning control is 
another factor that may change the os-
cillator frequency. In a similar way, if 
anything happens to distort or damage the 
inductance of the tuned circuit, frequency 
changes may occur. 

Oscillator Output.— The second general 
type of trouble which can happen to os-
cillators is a change in the amplitude or 
shape of the output wave, including a 
complete loss of output. Most of the time 
these troubles show up as abnormal volt-
ages at the oscillator tube elements. In 
thinking about this, it is important to 
keep in mind the similarity between os-
cillators and amplifiers. Conditions which 
caused abnormal voltages in amplifiers 
may have the same effect in oscillators. 

There are certain basic troubleshooting 
procedures which apply in general to all 
oscillators. We are therefore choosing a 
single example to illustrate troubleshoot-
ing in oscillators. This example is the 
one we just mentioned, the blocking os-
cillator. As you already know, blocking 
oscillators are used in TV sets in both 
horizontal and vertical deflection circuits. 
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Importance of Bias. — As we pointed 
out before, practically all oscillators use 
grid-leak signal bias. This is a very im-
portant factor in troubleshooting oscil-
lators. You will remember that signal bias 
is obtained by rectification of the grid 
signal. An oscillator generates its own 
grid signal. Therefore, no grid signal, no 
bias. This means that if an oscillator 
stops operating, this condition will clear-
ly manifest itself as a total lack of grid 
bias. 

No Grid Bias. — Let us take the case 
of an oscillator that has lost its grid 
bias. Of c our se we find this out by 
measuring for bias with our d-c voltmeter. 
Having determined that there is no grid 
bias, a further step will help us localize 
the trouble. This is to measure the plate 
voltage, which may be abnormal in one of 
three ways: 

1. It may be zero, or negative. 
2. It may be excessive. 
3. It may be too low 

In the first instance, zero plate voltage 
tells us that an open circuit exists be-
tween the plate and B plus. This may be 
an open plate coil, or open plate dropping 
resistor. These defects may be found 
easily by a continuity check with your 
ohmmeter. If the grid and cathode of the 
oscillator tube are returned to B minus 
instead of to ground, you may get a nega-
tive plate voltage reading on the meter. 
The reasons for this were explained in a 
previous section on amplifiers. While 
we're at it we might point out that a 
negative plate voltage may simply be 
caused by excessive plate current through 
the tube, without any open circuits being 
present. This again assumes of course, 
that the cathode is returned to B minus. 

The second possibility when no grid 
bias is present, is the case where the 
plate voltage may be too high. This is 
the result of decreased plate current and 
is probably due to a defective tube. Sub-
stituting a good tube will quickly eliminate 
this possibility. 

In the third case, where the plate volt-
age is too low and we have zero bias, 

there are several possibilities, which are 
listed below: 

1. The defect may be a faulty grid 
condenser. In this case, low plate 
voltage is caused simply by excess 
plate current through the plate cir-
cuit.resistance. 

2. The tube may be defective. 
3. The plate voltage dropping resistor, 

if any, may have increased radically 
in value. 

4. The plate circuit condenser, if any, 
may be defective. 

5. The plate coil of the oscillator may 
be defective, ( shorted turns), but 
not open. 

Thus,as you can see, after finding zero 
biasthe procedure is to measure the plate 
voltage. From this measurement we may 
further localize the cause of trouble in 
the oscillator. 

Amount of Bias. — The amount of bias 
is also an important clue in troubleshoot-
ing oscillators. Refer to the diagram of a 
blocking oscillator in Fig. 26-30(b). 

Too much bias, compared to normal, 
generally indicates one of two things: 

1. The grid resistor R has increased 
radically in value. 

2. The amplitude of oscillations has 
increased. 

In a blocking oscillator, an increase of 
Rg has several effect s. Th e fi rst effect 
• 
is to cause a decrease in the repetition 
frequency. As a result of this the ampli-
tude of oscillations will increase. The 
increased amplitude then causes the 
excess reading of bias which we measured. 
This trouble may be isolated quickly by 
measuring the grid resistor with your 
ohmmeter. 

In the case of a conventional sine wave 
oscillator, the effects of an increased 
value of grid resistor may not even be 
noticeable in the operation of the set. 
However, if the grid resistor should in-
crease very radically, it might tend to 
make the oscillator unstable and this 
usually shows up as excessive grid bias. 

The second case, of increased ampli-
tude of oscillations, might be caused by 
an increased supply voltage or plate 
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voltage, or as we mentioned, by an in-
crease of grid resistance. The same 
checks described for amplifiers are ap-
plicable here to find the cause of higher 
voltage. 

Insufficient bias may be attributed to: 
1. A defective grid condenser Cc — 

leaky or shorted. 
2. A defective transformer. 
3. Reduced supply voltage. 
4. Increased value of RI (Fig. 26-30(b), 

reducing the plate voltage. 

In each of these cases, the defect 
would manifest itself as a change in 
oscillator frequency, most likely an 
increased frequency. Note that there is a 
correlation between changes of bias and 
changes of frequency when troubleshoot-
ing a blocking oscillator. This correlation 
may be summed up as follows: 

a. An increased bias is generally as-
sociated with a decrease of fre-
quency. 

b. A decreased bias is generally as-
sociated with an increase of fre-
quency. 

In general any malfunctioning of an 
oscillator shows up as incorrect bias. 
This is your best clue in troubleshooting 
all oscillators. 

RECTIFIERS 

26-13. Rectifiers have quite different 
characteristics from either amplifiers or 
oscillators in that no amplification is 
involved. Generally speaking, the func-
tion of rectifiers is to take an a-c input 
and produce a d-c output. Filters are 
generally provided at the output of recti-
fiers to smooth out any variations in the 
d-c output. However, neglecting the ac-
tion of filters for the moment, it is the 
rectifier itself which changes the a-c into 
d- c. 

In the beginning of this lesson, we 
listed which stages of a TV receiver are 
rectifiers. We are not going to repeat the 
entire list again, but just to mention a 
few, there are the low voltage rectifier, 
the high voltage rectifier, and the detec-
tors. For a more complete list, turn back 
to the beginning of the lesson. 

Rectifier Operation. — Before we talk 
about troubleshooting rectifiers, let us 
see how a typical circuit . functions to 
produce d-c from a-c.Here is a simplified 
schematic of a half-wave rectifier: 

o-c input 

o 

o-c 
generator 

Fig. 26-31 

reeffie, 
lobe 0-c 

(unidirectional) output 

to filler 

load 

before filtering 

after filtering 

Urie have here an a-c generator con-
nected in series with a rectifier tube and 
load resistor. The a-c voltage from the 
generator is the input to the rectifier. On 
the positive half-cycle of the input wave, 
the plate of the rectifier is driven posi-
tive and the tube conducts. This conduc-
tion, as shown by the arrows, is from 
cathode to plate of the rectifier tube, 
through the generator, or other source of 
the a-c signal input, and up through the 
load. The current flow through the load 
is in such a direction that the polarity of 
the output is positive. A negative output 
could be obtained simply by reversing 
the rectifier tube. Current flows through 
the rectifier only so long as the plate is 
driven positive with respect to the cath-
ode. Therefore, on the negative half-
cycle of the a-c input wave, the rectifier 
does not conduct and no output appears 
across the load. As shown in Fig. 26-3 1, 
the output of the half wave rectifier con-
sists of unidirectional, d- c, positive 
pulses separ a ted by spaces. These 
spaces, where the half wave rectifier 
does not produce output, are filled in 
effectively by filter circuits. 

In the case of signal rectifiers, such 
as detectors, the filter performs a some-
what different function. Let's take the 
video detector as an example. Here we 
have as input an a-c wave with a very 
high frequency carrier containing picture 
and sync information. The picture and 
sync information represents modulation 



TELEVISION SERVICING COURSE, LESSON 26 
26-28 

frequencies having a much lower fre-
quency range than the picture carrier. The 
output of the picture detector is a recti-
fied version of the input and still con-
tains the picture carrier frequency and 
modulation frequencies. However, we 
want to pass only the modulation fre-
quencies on to the video amplifier and to 
reject all other frequencies. This then is 
the function of the filter at the output of 
the detector: to pass only the desired 
frequencies and reject the undesired ones. 

Note very carefully that the functioning 
of a rectifier depends upon its ability to 
pass current in one direction only. This 
is the reason we can have a d-c output 
with an a-c input. In the case of the 
picture detector, the d-c output is not 
pure d-c but varies at the rate of the 
modulation frequencies. 

No D-c Is Applied. — A very important 
factor in the operation of most rectifiers, 
is the fact that no d-c plate or cathode 
voltage is applied to the rectifier tube. 
The rectifier does not require any applied 
d-c potential, since it operates from the 
a-c input voltage to produce rectified 
plate current. 

For the purposes of troubleshooting we 
divide rectifiers into two classes. These 
are: 

1. Power rectifiers. 
2. Signal rectifiers. 

Power rectifiers are those in which the 
operating voltages and currents are quite 
high. Typical examples of power recti-
fiers are the low voltage rectifier, the 
high voltage rectifier and the damper. 

Signal rectifiers are those in which the 
operating voltages are very low — from a 
fraction, to several volts — and the cur-
rents are also very low as compared to 
power rectifiers. 

Power Rectifiers.— The most important 
factors to consider when dealing with the 
troubleshooting of power rectifiers is that 
we are working with circuits handling 
high voltages and currents. In general, 
this means that tube and component fail-
ures will probably occur more frequently 
in power rectifier circuits than in signal 
rectifier circuits. 

Let us start with the case where we 
have no d-c output from the power recti-
fier as indicated by a d-c voltmeter. As 
usual, the first thing we suspect will be 
the tube. 

Substitution of a good tube quickly 
eliminates this possibility, assuming the 
filament supply to be all right. If the tube 
is not the cause of trouble, we might 
have a short circuit across the output 
load. This may be checked with the ohm-
meter. If there is a short across the load, 
determine its cause. These shorts are 
frequently caused by defective filter con-
densers. 

If the tube and load resistance are 
all right the fault must be with the input 
voltage. You may check this with an a-c 
voltmeter, taking the necessary precau-
tions if high a-c voltages are present or 
expected. 

Signal Rectifiers. — The troubleshoot-
ing procedures for signal rectifiers are 
basically the same as those for power 
rectifiers. However, it is very seldom 
that any short circuits take place in the 
output, due to the low voltages involved. 
Therefore, with signal rectifiers, if no 
d-c output exists, it is usually due to a 
bad tube, or no a-c input. 

Parallel Load Connection. — The recti-
fier shown in Fig. 26-31 was arranged so 
that the load was in series with the recti-
fier tube. Certain signal rectifiers, for 
example some AGC rectifiers, are ar-
ranged so that the load appears in paral-
lel with the rectifier tube. The operation 
of this type of rectifier is somewhat dif-
ferent than the series case. A basic dia-
gram is shown in Fig. 26-32. 

In this case, the resistor RL may be 
considered as the load. Note that RL is 
in parallel with the rectifier tube. The 
action of the rectifier tube in conjunction 
with Cc is to shift the average value of 
the wave from zero in the input to some 
negative value at the output. The opera-
tion of this circuit is similar to grid leak 
bias. whenever the generator voltage is 
positive, the tube conducts and charges 
up Cc This develops a negative bias at 
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rectifier 
tube 

Fig. 26-32 

the plate of the tube, the magnitude of 
which depends upon the size of R L, as 
in grid leak bias. Let's say in this case 
that the bias is 7 volts. This means that 
the tube cannot conduct until the input 
wave exceeds the 7 volt bias. If the 
impedance of the generator is low, and 
it usually is, the output wave is not af-
fected much as far as its shape is con-
cerned, except possibly for a slight 
flattening at the top.The important change 
which does take place in the output is a 
shift in the average value. The input 
wave varies from zero to plus and minus 
10 volts. Therefore its average value is 
zero. This is not true of the output wave. 
Across RL we have a d-c potential of 
minus 7 volts, which for all practical 
purposes is constant. This potential of 
minus 7 volts now sets the average value 
of the output wave. Note in Fig. 26-32that 
the amplitude of the output wave remains 
the same, but it now varies around minus 
7 volts, the new average value. What the 
rectifier and Ce-R Lcombination have done 
is to shift the average value from zero to 
a negative potential. If we -now pass this 
output waive through an RC filter, the out-
put of the filter will be a negative d-c 
potential. It is also possible to have a 
positive output. This is done merely by 
reversing the rectifier tube. 

Output Too Low. — A rectifier output 
which is too low may also be traced to: 

1. Defective tube. 
2. Reduced load resistance. This may 

be caused by leaky condenser, or 
defective amplifier or oscillator cir-
cuit. 

3. Reduced input a-c voltage. Check 
with a-c voltmeter. 

Output Too High. — The d-c rectified 
output may sometimes be found to be 
abnormally high. This in general will be 
caused by: 

1. Increased load resistance, mainly 
the result of changes in bleeder 
conditions. 

2. Increased a-c input voltages. 

It is worth remembering that the gen-
eral principles outlined here for the op-
eration and troubleshooting of rectifiers 
applies to all rectifiers. Of course, dif-
ferent types have their own characteristic 
problems. These will be taken up one by 
one as we come to them in later lessons. 

SIGNAL TRACING AMPLIFIERS. 

26-14. When an amplifier consists of 
more than one stage, it is frequently pos-
sible te isolate trouble to one particular 
stage by signal tracing. As its name 
implies, signal tracing is troubleshooting 
by following the course of a signal 
through the stages of an amplifier. In 
this lesson, we will only be concerned 
with that phase of signal tracing which 
may be performed using equipment avail-
able in the field. 

We may list the techniques of "field" 
signal tracing under the following general 
headings. 

1. Measurement of signal bias, if used. 
2. Measurement of signal, using the 

a-c meter. 

3. Injecting a 60-cycle signal into an 
amplifier and following its course. 
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Certain amplifiers in a TV set employ 
signal bias. Some of these are: 

a. Mixer 
b. One or more sound i-f amplifiers 
c. Some sync amplifiers 
d. Some horizontal sweep output amplifiers 

While not being strictly signal bias, 
the d-c output of the sound and picture 
detectors represents a rectified signal 
voltage and provides a similar indication. 
As we pointed out previously, the pres-
ence of signal bias, or detector output 
indicates that the signal is at least reach-
ing that point and the trouble is further 
on. A lack of signal bias in a particular 
stage usually means that the signal is 
not reaching that point and that the 
trouble is in a preceding circuit.. 

Since the preceding or succeeding 
stages may not have signal bias, we must 
resort to additional meths:xis to trace the 
signal. One of these is to measure the 
signal mith an a-c meter. Before discus-
sing how to do this there are certain 
precautions to be observed. 

Meter-Measuring Precautions. —We must 
first realize that there are certain definite 
limitations in trying to measure signals 
with the usual type of a-c meter. The 
ordinary non-electronic type of a-c volt-
meter is calibrated only for 60-cycles. 
Depending on the rectifier used, such an 
a-c meter may give some indication up to 
several thousand cycles. Therefore, these 
meters in general can only be used to 
measure signals between the range of 60 
to a few thousand cycles. We are there-
fore restricted to measuring a-c signals 
in the following amplifiers. 

a. Audio amplifier 
b. Video amplifier 
c. Sync amplifier, and sync separator 
d. Vertical output amplifier 
e. The horizontal output amplifier 

In all these amplifiers, the procedure 
is the same. With the meter on a-c and a 
suitable scale selected, measure for the 
presence of signal at the grid of one of 
the amplifiers just described. All we are 
looking for here is some indication of 
signal. You cannot expect to read the 
actual amplitude of signal. 

Signal Injection. — Another method of 
troubleshooting amplifiers by signal trac-

ing is to inject a 60-cycle signal into the 
grid of the amplifier in question. If the 
amplifier is working, an amplified indica-
tion will appear in the output circuits. 
This can be measured with your a-c meter 
or may show up as sound in the speaker, 
or some indication on the kinescope. The 
60-cycle signal can be obtained from the 
filament supply or by touching your finger 
to the grid of the amplifier. 

TROUBLES IN TUBES, RESISTORS AND 
CONDENSERS 

26-15. In previous sections of this les-
son, we were concerned with the opera-
tion of circuits and with localizing 
troubles to a specific circuit location. In 
this section we shall discuss methods of 
determining if a specific component has 
failed. Since many troubles are caused by 
tube failures we will begin with tubes. 

Determining Tube Failures.— There are 
several ways in which tubes may fail. 
These are: 1) Open filament, 2) Low emis-
sion, 3) Short between elements, 4) Gassy 
tube, 5) Defective pin connections. 

Probably the most obvious tube failure 
is an open filament. In glass tubes this 
is easily spotted by the absence of the 
filament light; in metal tubes, the enve-
lope is cold. 

Some tubes have two filaments tied in 
parallel to one set of tube pins. Schema-
tically, it looks like this: 

two filament pins 

Fig. 26-33 

As far as this discussion is concerned, the 
significance of this arrangement is that one 
of the filaments may be lit, while the other 
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is open. This may give the impression 
that the tube is noimal while actually one 
section is dead. Some of these double 
filament tubes commonly used in TV sets 
are: (a) 6H6 or 6AL5 dual diode, ( b) 6SN7 
dual triode, (c) 5U4-G or 5V4-G full wave 
rectifiers. A somewhat different type of 
dual filament is to be found in the 12AU7 
as shown here: 

three filament pins 

Fig. 26-34(a) 

In this case, the filaments are brought 
out to three tube pins. By means of this 
arrangement the filaments may be con-
nected in parallel for 6.3 volt operation 

6.3v f lament voltage 
(parallel connection) 

Fig. 26-34 (b) 

(Fig. 26-34(b), or in series for 12.6 volt 
operation Fig. 26-34(c): 

12.6v filament voltage 
(series connection) 

Fig. 26-34 ( c) 

In many TV sets, the parallel operation 
is preferred. As in the previous case of 
parallel filaments, one filament may burn 
out independently of the other. Another 
possibility is that a fault external to the 
tube may cause only one filament to go 
out in the parallel connection. For ex-
ample, in Fig: 26-34(b), if there was a poor 
connection at the socket, at point X, the 
right hand filament might not light, but the 
other one would. 

Low Emission. — Another type of tube 
trouble is caused by low emission. We 
are assuming in this case that all of the 
tube operating potentials are correct. Low 
emission simply means that the tube is 
no longer capable of delivering its rated 
plate current. This generally is caused by a 
worn-out cathode even though the filament 
may still light. Low emission frequently 
shows up as a loss of gain of the par-
ticular stage involved. The only solution 
here is to replace the tube. 

Leakage and Shorts. —Tubes sometimes 
develop partial or complete shorts be-
tween certain elements. When a tube short 
is only partial, it is generally referred to 
as leakage. The most common type of 
tube leakage or partial short is between 
the filament and cathode. This is espe-
cially true if the cathode is returned to a 
high potential, such as minus 100 volts. 
The possibility of shorts from filament 
to cathode is greatest because of the 
small spacing between these two ele-
ments. This type of tube defect generally 
shows up by producing hum effects. In 
the case of a kinescope tube, the effect 
might be uncontrollable brightness, which 
remains at a high level. 

While not as common as a filament-to-
cathode short, a tube may develop a short 
from control grid to cathode. This will 
remove the bias from the tube involved 
and may make the stage or the kinescope 
inoperative. 

Another type of short that may occur in 
a beam power or ordinary pentode effec-
tively shorts the plate to cathode. This 
effect is illustrated in Fig. 26-35. 

The suppressor grid is returned to the 
cathode. If the suppressor shorts to the 
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short 
circuit 

B-1-

Fig. 26-35 

RL 

plate, the plate is also shorted to the 
cathode. The full B plus now appears 
across RL and may burn it out. 

In any of these cases of shorts or leak-
age, the tube must be replaced. 

Gassy Tube. — When tubes are manu-
factured the envelope is evacuated and 
great pains are taken to remove all traces 
of gas or air. However, after the tube has 
been in service it may become gassy. 
This may result from one of two general 
causes. Most common is leakage of air 
into the tube due to imperfect glass seals 
or actual cracks in the glass. The other 
possibility is that gas may be driven out 
of the elements or insulating material of 
the tube, due to heating. In either case, 
the general effect on the tube is the same. 
A gassy tube frequently conducts exces-
sive current and may burn some resistor 
in the plate circuit. The gas can be seen 
in tubes with a glass envelope, as a blue 
or reddish-blue glow.(In small power am-
plifier tubes like the 6K6 though, a small 
amount of blue glow is normal). In recti-
fier tubes such as the 5U4-G, you have to 
look inside of the plate to see the glow 
that indicates excessive gas. A gassy 
amplifier tube, particularly a voltage am-
plifier, does not necessarily cause ex-
treme conduction. It may manifest itself 
in other ways, such as a change of bias 
or other erratic operation. 

Pin Connections. — Some tube defects 
may be caused by faulty pin connections. 
This may be divided into two types: 

a) tubes with bases, b) tubes without 
bases. In the first case where a tube has 
a base, such as the ordinary octal 8 pin 
base, the fault is generally due to an 
unsoldered or poorly soldered pin connec-
tion. This can sometimes be remedied by 
resoldering the defective bin. 

In the second case where a tube has 
no base, such as the miniature glass 7-
and 9-pin types, the fault is generally 
caused by a broken pin. There is no 
simple remedy for this and the tube must 
be replaced. 

Tube Replacements. —When tube trouble 
is suspected, the easiest thing to do is 
to replace that tube with one of the same 

type. In some cases it is possible to take 
a tube from a different section of the same 
receiver for substitution. 

There may be times where a tube of the 
desired type is not immediately available. 
In these cases it is important to know 
that another type may be successfully 
substituted. To assist you in finding a 
suitable substitute, a table of possible 
substitutions is reproduced at the end of 
this lesson. 

Resistors. — Composition-type fixed 
resistors are identified according to a 
standard color code. This consists of 
three or four color bands as illustrated 
here: 

Fig. 26-36 

For simplicity, we have labeled these 
bands with the lettérs A through D. Each 
of these color bands has the following 
meaning: 

1. Band A, indicates the first significant figure of 
resistance value in ohms. 

2. Band B, indicates the second significant figure. 
3. Band C, indicates the decimal multiplier, or 

number of zeros to be added. 
4. Band D, (if present) indicates the tolerance, in 

percent about the indicated resistance value. If 
there is no band D, the tolerance is assumed to 
be plus or minus 20 per cent. 
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The significant figure, multiplier and 
tolerance assigned to the various colors, 
are given in this table: 

Color 

Black 
Brown 
Red 
Orange 
Yellow 
Green 
Blue 
Violet 
Gray 
White 
Gold 
Silver 
No-Color 

Significant 

o 

2 
3 
4 
5 
6 
7 
8 
9 

Figure Multiplier 

1 
10 

100 
1,000 

10,000 
100,000 

1,000,000 
10,000,000 

Tolerance 

5% 
10% 
20% 

The following example will show how 
to use the color code. Suppose we have 
a resistor and bands A through D have 
the following colors in succession: Red, 
Brown, Yellow and Silver. Using the table 
we obtain the following: 

Red 

2 

Brown Yellow Silver 

1 0000 10% 

Thus we find that this particular resistor 
has a value of 210,000 ohms and a toler-
ance of plus or minus 10 per cent. Other 
color coded resistors are read according 
to the same principles. 

Substitution Of Resistors. — As was 
the case in replacing tubes, it is desira-
ble that an identical replacement be used 
for a defective resistor. While this is 
desirable, there are times when an exact 
replacement is not available and the re-
quired value may have to be made up of 
two resistors in series or parallel. If you 
have to do this there are two factors to 
be kept in mind: 

1. The resistance value. 
2. The wattage rating. This is best 

explained by an example. Suppose we 
need a 10,000 ohm, 1 watt resistor and 
the exact replacement is not available. 
We could put two 5000 ohm resistors in 
series or two 20,000 ohm resistors in 
parallel. Each resistor can be the 14 watt 
type, for either the series or parallel 
connections. Higher wattage resistors 
can be used but are not necessary. 

Suppose we had to pick out two 20,000 
ohm resistors according to the color code. 
Let's see how this works out. The first 
significant figure is 2 and the correspond-
ing color is Red. The second significant 

figure is zero and the corresponding color 
is Black. Following this we have three 
zeros, and the corresponding color is 
Orange. Thus a 20,000 ohm resistor has 
the colors Red, Black and Orange, plus a 
tolerance indication, if any. 

How Resistors Fail. — Composition 
type resistors generally fail by changing 
in value. The usual tendency for compo-
sition resistors is to increase in value 
during normal operation of a TV set. This 
increase may vary from a small amount 
to an extreme change in value. Compo-
sition resistors do not generally decrease 
in value unless there is an excessive 
amount of current in them. This is usually 
the result of a defect in some other com-
ponent, causing considerable overheating 
of the resistor. 

Defective resistors are frequently lo-
cated by their burned appearance, or they 
may even be cracked. A visual inspection 
of a defective set frequently pays divi-
dends in detecting bad resistors. When a 
resistor burns the color coding often 
becomes indistinguishable. In such cases 
refer to the schematic for the correct 
replacement value, but first determine the 
cause of the overheating. Resistors some-
times open due to mechanical failure. 
This is a relatively infrequent trouble 
and is quickly checked with an ohmmeter. 

There are two other points to watch for 
in checking resistors, which are not nec-
essarily due to a change of value. One is 
the possibility that the wrong value was 
wired in originally. This is likely to be 
more prevalent in new sets than in old 
ones. Another possibility is that the 
resistor may have been improperly coded 
during its manufacture. These last two 
points are not as common as the others 
but are definite possibilities. 

Condensers. — Condensers are identi-
fied by a color mark in a manner similar 
to that of resistors. There are several 
varieties of condenser color codes. We 
are only going to discuss the one type 
you may have some difficulty in reading. 
First a word of caution. Some small 
tubular ceramic condensers look just like 
resistors. In many sets this is particularly 
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true of a line of 1500 rnicromicrofarad 
ceramic condensers. Orie sure way of 
telling that these are condensers is the 
fact that there are five color bands on 
the condenser. There are al so some 
larger molded tubular paper condensers 
which might be mistaken for large re-
sistors. The background color, usually 

black or white, and the five color bands 
will help you to identify these as con-
densers. Furthermore, these condensers 
have one color band set apart from the 
rest to indicate the voltage rating in 
hundreds of volts. 

The type of capacitor color code you 
might have some trouble reading is that 
used for fixed, flat-type mica condensers. 
This is illustrated here: 

read in this order 

0 0 

Fig. 26-37 

These condensers are identified by 
means of six colored dots. The colors 
are assigned the same numbers as for 
resistors. 

The significance of each color dot is 
as follows: Dot A, Type of mica; Dot B, 

first significant figure; Dot C, second 
significant figure; Dot D, decimal multi-
plier; Dot E, tolerance in percent; Dot F, 
characteristic or class. 

There are two important points to keep 
in mind when reading the value of these 
condensers. First make sure the con-
denser is facing the right way when you 
read. The proper direction is shown in 
Fig. 26-37 with the arrows pointing to the 

right. (There may only be a single arrow). 
Second, you must read the dots in se-
quence. N ot e that the dots are read 
"around the corner". 

Let's take an example of reading this 
condenser color code, disregarding dots 
A and F. Example: dot B is brown; dot C 
is green; dot D is red and dot E is black 
(or missing). We have the following: 

Brown 

1 

Green 

5 

Red 

00 

Black 

±20% 

Therefore, this is a 1500 micromicrofarad 
condenser with a tolerance of plus or 
minus 20 percent. Note that the value of 
capacitance indicated by the color code, 
is always given in mieromicrofarads. 

Electrolytic Condenser Markings. — These 
consist of a small square, triangle or half 
circle stamped on the case and again next 
to each terminal lug on multiple unit con-
densers. A table showing these markings 
is given in Fig. 26-38. 

How Condensers Fail.— Condensers may 
fail in one of two general ways: 1) they 
may short, either completely or partially; 
or 2) they may open up. With ceramic and 

VOLTAGE SINGLE UNIT 

Highest (ripple) Blank 

Intermediate ( 1st) 

Intermediate (2nd) 

Lowest 

Common negative — always connects 

1 3/8" 
DUAL 

Dia. Case 

TRIPLE QUADRUPLE  

d. 

L\. L Blank 

to can 

1" Dia. Case 

DUAL TRIPLE  

Blank 

Fig. 26-38 
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mica condensers, the tendency is more to 
shorts than opens. A condenser may fail 
with a "dead" short. This type of failure 
frequently manifests itself by causing 
resistors to burn or causing radical volt-
age changes. Some condensers become 
"leaky". This means that they will con-
duct direct current to some extent. A 
leaky condenser may be checked with an 
ohmmeter but this is not a positive check. 
It is better to check the condenser with 
its operating voltage applied. An example 
of checking a leaky condenser with a 
voltmeter is given here: 

leaky 
condenser • disconnect 

here 
X 

meter will 
read 

Fig. 26-39 

Here we have a coupling condenser 
suspected of being leaky. Check this by 
opening the grid connection and inserting 
a d-c voltmeter as shown. If the meter 
reads at all, the condenser is bad. Some 
leaky condensers vary continuously in 
their leakage resistance. This is apt to 
create noises, or flashes in the picture. 
The voltmeter reading flickers when such 
a condenser is checked. 

As was the case with resistors, con-
densers may be marked improperly or be 
wired in the wrong place. This doesn't 
happen too often but is a definite pos-
sibility. If you are in doubt, replace the 
condenser with a good one of the correct 
value. 

Condensers may open. This is usually 
the result of an internal mechanical fail-
ure. Open condensers may be more dif-
ficult to locate than shorted or leaky 
ones. The reason for this is that open 
condensers do not cause any voltage 
changes or burning resistors. When check-
ing for open condensers, shunt the sus-

B 

pected unit with another of the same type 
which is known to be good. It might be a 
good idea to have a few condensers 
(including electrolytics)with clips so you 
can just clip a good condenser across a 
suspected open one. 

It is possible for a short to occur which 
affects the a-c signal only. This is not 
actually due to a condenser failure, but 
to a short of the condenser lead to the 
chassis. An example of this is illustrated 
here: 

•  

Fig. 26-40 

This short will not affect the d-c volt-
ages, but only the a-c signal. An ohm-
meter check for the normal d-c resistance 
from grid to ground, or a check for the 
presence of signal at the grid, can locate 
the trouble. 

Controls. — These are generally varia-
ble resistors connected either as potenti-
ometers or rheostats. Pictorial and sche-
matic views are givén here: 

center 
arm 

end end 

center 
arm 

end end 

Fig. 26-41 

Note that the control consists 
sistance element, (composition 
each end of which connects to 

end 

end 

of 
or 
an 

a re-
wire) 
outer 
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lug. The center lug connects to a mova-
ble slider arm which may contact the 
resistance element at different resistance 
values. 

When a control is connected as a 
potentiometer it is generally a parallel 
circuit element which acts as a variable 
voltage divider. For example, a volume 
control may be connected in the grid of 
an audio amplifier like this: 

10v o-c 

end 

potentiometer 

end • 

Fig. 26-42 

5v o-c 
f center 

arm 

In this case the amount of resistance 
across the circuit remains constant, but 
different amounts of voltage may be 
tapped off by moving the center arm. Since 
the amount of circuit resistance is fixed 
with a potentiometer, usually an exact 
replacement should be made if one goes 
bad. 

A control may be connected as a rheo-
stat. There are two ways of doing this 
both of which are shown here: 

no 
connection 

end . 

rheostat 

Unlike the potentiometer, a rheostat is 
connected as a series circuit element. 
The amount of circuit resistance is 
variable. Because of this it is not always 
necessary to have an exact replacement 
for a rheostat. 

Ways In Which Controls Fail. —Controls 
may fail in any of several ways: 

I. The control may open up. 
2. The element may burn. 
3. The control may become noisy. 
4. The element or center arm may short to the cover. 

An open control may be caused by the 
center arm not contacting the element. 
This is usually due to a mechanical fail-
ure and can sometimes be repaired. A 
resistance check from the center arm to 
either end will quickly determine if this 
has occurred. An open control may also 
be the result of an open resistance ele-
ment; or the element may be disconnected 
from one of the ends. 

A burned element is the result of pass-
ing too much current through the resist-
ance element, and makes the control 
unusable. Such a control has a character-
istic burned odor, which lingers for a 
long time. A burned control is usually 
caused by a short circuit, either in the 
control or an external circuit. Before re-
placing such a control, be certain the 
short has first been removed. 

Controls sometimes get noisy from 
normal service. If the condition is not 
too bad these may be repaired as follows: 
turn the set ( or control) so that the shaft 
points straight up. Use either plain car-
bon tetrachloride, or a mixture of carbon 
tet and lubri-plate (or equivalent). Let 

the mixture run slowly down the shaft, 
and rotate the shaft while so doing.•This 
will generally fix up the control, at least 
temporarily. Always replace controls that 
are excessively noisy. 

An internal short may develop to the 
cover of a control. Since the cover is 
usually grounded to the chassis this is 
equivalent to shorting the control to 
ground. This may be checked by unfasten-
ing the control and holding it away from 
the chassis to see if the trouble clears 
up. If there is any voltage on the control, 
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be careful to avoid a shock. A control 
with this trouble must be replaced. 

When replacing a control make sure 
the shaft is the proper length and shape 
as the old control. Do not put any pres-
sure on a control shaft when handling a 
chassis, as the shaft might snap right off. 

Wiring Troubles. — In addition to com-
ponent troubles, certain defects in wiring 
may cause trouble. The most obvious 
wiring trouble occurs when a bare wire 
inadvertently touches the chassis or 
another component. This may be found 
by visual inspection. Improperly soldered 
connections can cause a lot of trouble 
and may be difficult to detect. One pos-
sibility is shown here: 

properly 
soldered 
wires 

unsoldered 
wire 

terminal lug 

Fig. 26-44 

This shows a terminal lug to which 
several wires are connected. The wires 
toward the top of the lug are soldered 
properly, but the solder didn't reach the 
bottom wire. A poor electrical connection 
results. This may be detected visually 
by moving the wires. 

Another possibility of a poorly soldered 
connection is illustrated here: 

Fig.-26-45 

rosM 
connection 

In this example the same wire runs 
through the hole in one lug and is ter-
minated at another lug. The wire is not 
twisted around the first lug and a rosin 
solder connection may occur at this point. 
A rosin connection generally occurs from 
the application of insufficient heat to the 
holder joint. The wire is then surrounded 
by rosin inside of the solder and is in-
sulated from the lug. This is difficult to 
detect visually, but sometimes the wire 
is loose inside of the solder and will 
slide back and forth. In any case if you 
have reason to suspect a connection, it 
is best to resolder it properly. 

There are other components in a TV 
set which may give trouble and have not 
been discussed here. Some of these are 
transformers, coils and loudspeakers. 
However, these will be discussed in later 
lessons, since the troubles are usually 
associated with the specific components. 
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TABLE OF TUBE SUBSTITUTIONS 

ALTERNATE COMMENTS USED AS PICTURE COMMENTS ALTERNATE COMMENTS USED AS PICTURE COMMENTS 

SU4G RECTIFIER 

ST4 Direct Substitution Rectifier 

SU40 

ST4 

5Y3G 

524 

SW4 

685 

SV4G DAMPER—TV 

Direct Substitution Damper 

Direct Substitution Damper 

Direct Substitution Damper 

Direct Substitution Damper 

Direct Substitution Damper 

Requires rewiring socket 
connections Damper 

Requires rewiring socket Damper 

SY3G RECTIFIER 

Excellent 

Excellent 

Excellent 

OK. Slightly less deflection 

Excellent 

OK. Slightly less deflection 

Good 

Good 

SV4G Direct Substitution Rectifier Good 

ST4 Direct Substitution Rectifier Good—larger physical size 
may present a problem 

5U4G Direct Substitution Rectifier Good—larger physical size 
may present a problem 

6AC7 ( 1852) Horizontal Oscillator—TV 

6AJ7 Direct Substitution 

6AB7 Direct Substitution 

Hor. Osc. 

Mor. Osc. 

6507 Approximately 1/2  Gm Mor. Osc. 

6SK7 
65J7 
6SS7 
5693 

of CAC7 

OK. 

Good. Not quite the pull- in 
range of 6AC7, but OK. 

Fair. Picture loses sync at ex-
treme ends of horizontal hold 

control . 

{ Poor—recommended only in 
extreme emergency. Picture 
holds only on small port of 

control range 

6AGS Converter/Mixer— RF Amplifier— IF Amplifier 

6AU6 Direct Substitution 

Direct Substitution 

Direct Substitution 

68C5 Direct Substitution 

Direct Substitution 

Direct Substitution 

ifsosK5 Direct Substitution 

Direct Substitution 

Direct Substitution 

IF Amplifier 

RF Amplifier 

Mixer/Cony. 

IF Amplifier 

Mixer/Cony. 

RF Amplifier 

Good 

Good 

Must adjust oscillator.tuning 

Good 

Good 

Good 

IF Amplifier Good. May require slight retun-
ing of circuit adjustment 

RF Amplifier Good 

Mixer/Cony. Must adjust oscillator tuning 

«86 Requires jumper between 

Pins 2 and 7. Any tie 

points on Pin 2 of 6AG5 

socket must be removed 

and connected to addi-

tional "birdie" terminal. IF Amplifier Good 

Rewiring required as 

above RF Amplifier Good 

Rewiring required as 

above Mixer/Conv. Re- adjust oscillator tuning 

9001 Requires increasing bias 

from 39 to approxi-

mately 1,000 ohms 

Direct Substitution 

IF Amplifier Good 

RF Amplifier Do not recommend 

6AGS Converter/Mixer 

RF Amplifier— IF Amplifier (continued) 

6AR5 Requires wiring change 
—wire Pin 7 to Pin 2 IF Amplifier Good—slightly less gain 

9003 Direct Substitution 

Direct Substitution 

Direct Substitution 

5591 Direct Substitution 

IF Amplifier Fair. Less gain 

Mixer/Cony. Do not recommend 

RF Amplifier Do not recommend 

IF Amplifier Fair. May require slight 
retuning of circuit adjustment 

6ALS Pis Second Detector, Discriminator, 

Limiter, Ratio Detector 

12ALS Requires additional 6V 
heater. Rewire existing 
circuit or add filament 
transformer All-purpose Good 

6AQS Audio Amplifier, Vertical Output 

6ARS Requires removing con-
nection from Pin 7 and 
placing on Pin 1 Audio Amp. 

Requires removing con-
nection from Pin 7 and 
placing on Pin 1 Vert. Output 

6ANS Requires removing con-
nection from Pin 7 and 
placing on Pin I Both 

Functions 

Good 

Not recommended— 
insufficient deflection 

Good 

6AT6 Detector, AVC, Audio Amplifier 

6AV6 Direct Substitution 

Direct Substitution 

68K6 

68T6 

6AQ6 

68F6 

Direct Substitution 

Direct Substitution 

Direct Substitution 

Direct Substitution 

68U6 Direct Substitution 

6AUS 

6AVS Direct Substitution 

Audio Ampl. Good 

Detector, Good—may be necessary to 
AVC change bias slightly 

Audio Ampl. 

Audio Ampl. 

Audio Ampl. 

Audio Ampl. 

Audio Amp'. 

Good 

Good 

Good 

Fair—less gain—lower 
audio output 

Fair—less gain—lower 
audio output 

Horizontal Output- 12" 

Mori. 
Output Good 

6AU6 Video Amplifier, Sound IF, FM Limiter 

68A6 Direct Substitution 

6AGS Direct Substitution 

6AKS Direct Substitution 

.6AH6 Direct Substitution 

6AK6 Direct Substitution 

Direct Substitution 

68H6 Reverse Pins 2 and 7 on 
socket unless both are 
grounded Sound or Pis 

Amp. 

Sound or Pis 
Amp. Good 

Sound or Pis 
Amp. Good 

Sound or Pix 
Amp. Good 

Sound or Pis 
Amp. Good 

Limiter— 
sound and 
pis amp. Good 

VideszAmp. Not recommended 

Good 



TABLE OF TUBE SUBSTITUTIONS (continued) 

ALTERNATE COMMENTS USED AS PICTURE COMMENTS ALTERNATE COMMENTS USED AS PICTURE COMMENTS 

6AU6 Video Amplifier, 

Sound IF, Fm, Limiter (continued) 

ISLAS Reverse Pins 2 and 7 on 
socket unless both are 
grounded Sound or Piz 

Amp Good 

6AV6 Audio Amplifier, Detector, AVC 

6A06 Direct Substitution 

6AT6 Direct Substitution 

All Functions 

All Functions 

Good 

Good 

68A6 Pie IF Amplifier, RF Amplifier, Mixer 

6AU6 Direct Substitution Piz IF Good— except in first pix IF in 

some models 

Direct Substitution 

6BD6 Direct Substitution 

Direct Substitution 

9003 Direct Substitution 

Mixer— 
RF Amp. 

Fix IF 

Mixer— 
RF Amp. 

Piz IF 

68Cr6G Horizontal Output 

6806 Socket rewiring neces-
sary. Change wire on 
Pin 8 to Pin 4. Change Horiz. 
wire on Pin 3 to Pin 8 Output 

6CD6 Direct Substitution—may 
have to increase wottoge Horiz. 
of screen resistor Output 

Good 

Good 

Good 

Good 

OK in 10" sets. Not enough 
deflection on larger models 
without voltage readjustments. 
Check for overheating 

OK on 10' . sets. Not enough 
deflection on larger models 
without voltage readjustments. 
Check for overheating. 

6C4 Audio Amplifier, Phase Inverter 

6A84 Requires rewiring socket 
connection from Pin 5 to 
Pin 1 Audio Ampl. Good 

68F6 Use triode section only— 
rewire socket connections Audio Ampl. Fair—some audio distortion at 

high signal levels. 

6AK5 

68C5 Direct Substitution 

6AG5 Direct Substitution 

6AS6 Direct Substitution 

68H6 Direct Substitution 

68J6 Direct Substitution 

Direct Substitution 

6AU6 Rewire Pin 7 to Pin 2 

Rewire Pin 7 to Pin 2 

6F6 

6K6GT Direct Substitution 

6V6 Direct Substitution 

6L6 Direct Substitution 

6U6 Direct Substitution 

6CB6 Mixer, RF and IF Amplifier 

Direct Substitution RF & IF 
Ampl. 

RF & IF 
Ampl. 

RF & IF 
Ampl. 

RF & IF 
Amp'. Good 

RF & IF 
Ampl. Good 

RF Ampl. Good 

IF Ampl. Fair--,.requires circuit retuning 

IF Ampl. Good 

RF Ampl. Do not recommend because of 
wiring change 

Audio Amplifier 

Audio Ampl. 

Audio Ampl. 

Audio Amp!. 

Audio Amp!. 

6J5 Vertical Oscillator and 

615 Direct Substitution Vert. Osc. & 
Output Good— may require slight 

odiustnient of raster size 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

Output 

6J5 Vertical Oscillator and Output (continued) 

6C5 Direct Substitution Vert. Osc. & 
Output Fair— slight deflection ad-

justments may be ecessary 

6AE7 Change wire on Pin 5 to 
Pins 4 & 6. Wire Pins 5 
and 8 together Vert. Osc. & 

Output 

6587 Requires rewiring all 
socket connections 

65P47 Requires rewiring all 

socket connections 

6K6GT Audio 

616 Direct Substitution 

Direct Substitution 

6V6 Direct Substitution 

Direct Substitution 

6F6 Direct Substitution 

Direct Substitution 

6U6 Direct Substitution 

Direct Substitution 

6Y6G Direct Substitution 

Direct Substitution 

Direct Substitution 

Good—slight deflection ad-
justments may be necessary 

Vert. Osc. & 
Output Good—slight deflection ad-

justments may be necessary 

Vert. Osc. & 
Output Good—slight deflection ad-

justments may be necessary 

Amplifier, Vertical Output 

Vert. Output 

Audio Ampl. 

Audio Ampl. 

Vert. Output 

Good—may give slightly 
greater deflection 

Good 

Good 

Fair— slight decrease in 
linearity in some models 

Audio Ampl. Good 

Vert. Output Not recommended 

Audio Ampl. Do not recommend 

Vert. Output 

Vert. Output 

Audio Ampl. 

Video Ampl. 

Fair— slightly less deflection 

Good 

Good 

Fair— slightly less gain 

65117 Sync Amplifier 

6AB7 Direct Substitution Sync Ampl. 

6AC7 Direct Substitution Sync Ampl. 

6507 Direct Substitution Sync Ampl. 

717A Direct Substitution Sync Ampl. 

65K7 Sync Amplifier 

65.17 Direct Substitution Sync Ampl. 

6557 Direct Substitution Sync Ampl. 

65G7 Direct Substitution Sync Ampl. 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

6SN7GT AGC, Vertical Oscillator, Sync Amplifier 

6F8 Rewire connections to 
socket All Functions Good. Recommended only 

where extreme emergencies 
warrant such additional work 

6SQ7 Detector, AVC, Audio Amplifier 

6SZ7 Direct Substitution 

65T7 Direct Substitution 

6U4 Direct Substitution 

Detector, 
AVC, Audio 
Ampl. Good 

Detector, 
AVC, Audio 
Amp'. Good 

6W4 Damper 

Damper 

6X5 Requires rewiring 
socket connections Damper 

Good 

Good 



TABLE OF TUBE SUBSTITUTIONS (continued) 

ALTERNATE COMMENTS USED AS PICTURE COMMENTS ALTERNATE COMMENTS USED AS PICTURE COMMENTS 

12BH7 Direct substitution 

12AT7 Direct substitution 

Direct Substitution 

12AU7 Video Amplifier, DC Restorer, Sync Amplifter 

All Functions Good 

Video Amp'. Fair— slightly lower gain— loss 
of sync and picture warping in 

some models 
Sync Sepa-
rator and DC 
Restorer Good 

12AV7 Direct Substitution Video Ampl. Good in 10" models—poor M 
16" models 

Direct Substitution Sync. Arnpl. 
and DC 
Restorsir Good 
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FUNCTIONS OF A TV RECEIVER 

2 7- 1 In the previous two lessons we studied 
television fundamentals, and are now familiar 
with the overall system and its problems. In this 
lesson we are going to deal with the fundamentals 
of television receiver operations. The entire re-
ceiver will be considered here in a fairly general 
way. Later lessons will discuss each individual 
section in detail. To give you an idea of what we 
will study in this lesson, here is a list of general 
topics that will be discussed: 

a. General functions and block diagram of a typical 
television receiver. 

b. Selection of desired signals and rejection of 
undesired signals. 

c. Principles of the superheterodyne circuit. 

d. Demodulation of the sound and picture signals. 

e. Fundamentals of television picture and sound 
reproduction. 

Primary Functions.— Every television receiver 
has several primary functions to perform. First of 
all, it must be able to select the desired channel, 
and at the same time reject all other undesired 
channels or signals. Secondly, remembering that 
each channel contains both the sound and picture 
signals,- the receiver must separate them. Third, 
the sound and picture signals must be amplified 
to a level suitable for use by the detectors. Fourth, 
the sound and picture signals must be demodulated 
(or detected) so that the intelligence information 
is extracted. And fifth, the intelligence information 
must then be further amplified and applied to 
suitable reproducing devices (speaker and kine-
scope) where the original program will be repro-
duced for the viewer's benefit. 

That all of these functions must be performed 
without causing appreciable distortion of the 
original information is a fact not to be overlooked. 
Let us see how the receiver performs these nec-
essary functions with the aid of the simplified 
block diagram shown on the next page. 

R-f Section. — When the signals come down the 
transmission line from the antenna they are fed 
into the r-f section of the receiver. Entering the 

r-f cection, the first circuit the signals encounter 

is an impedance matching network, which matches 
the transmission line impedance to the receiver 
input. In many TV receivers, this network is so 
arranged as to be able to match either a 300 ohm 
parallel wire line or a 72 ohm coaxial line. 

The block labeled " r-f section" actually con-
tains the circuits for three stages. These are: 
(a) the r-f amplifier, ( b) the oscillator, and (c) the 
converter. The r-f amplifier is the first stage that 
the signal enters after passing through the im-
pedance matching network. This stage contains 
a vacuum tube amplifier and tuned circuits for 
each television channel. Tuning, in RCA receivers, 
is accomplished by a switch that changes the 
tuned circuits for each channel. The tuning of all 
three sections of the r-f section is accomplished 
simultaneously with the operation of the channel 
selector switch. A "fine tuning" control is also 
provided for vernier adjustments within each 
channel. The operation of the r-f section will be 
discussed in more detail later in the lesson, but 
we can say now that, in general, the function of 
the r-f section is the selection of the desired 
channel with some rejection of undesired signals. 

I-f Section. — After the desired channel has 
been selected by the r-f section, the signals pass 
along to the picture i-f amplifier section. At this 
point in the receiver we have the signals from one 
channel containing both sound and picture infor-
mation. It is now necessary to separate the fre-
quency modulated sound signal from the amplitude 
modulated picture signal, so that they may be 
separately amplified, detected and reproduced. 

In many receivers the actual separation may 
not occur until after the second picture i-f stage. 
Both picture and sound i-f carriers and sidebands 
are amplified in the first two picture i-f amplifiers 
in such receivers. In the 63OTS type receiver the 
sound is separated from the picture signal im-
mediately following the r-f section and preceding 
the first video i-f amplifier. In the first case, 
where the sound is taken off after the second 
picture i-f amplifier, this method results in the 
saving of one sound i-f amplifier stage. In either 
case, the sound i-f frequencies are separated from 
the picture i-f frequencies by means of a sharply 
tuned circuit which is resonant to the sound i-f 
frequency. 

The amplitude modulated picture information is 
amplified in the picture i-f amplifiers. This usually 
consists of three or four separate amplifier stages, 
properly arranged to pass the full bandwidth re-
quired for the picture information. If you will 
remember, the picture sidebands may extend to 
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about 4 megacycles. In order that the picture may 
be correctly reproduced, the full band of sideband 
frequencies must be passed. This requires a 
specially designed picture i-f amplifier, whose 
characteristics we shall discuss in detail a little 
later on. The need for considerable amplification 
of the received waves can be seen if we realize 
that the signal fed to the receiver from the antenna 
may be in the order of 1/1000 of a volt or less, 
and the picture signal required to drive the kine-
scope may have to be about 50 volts. A large 
percentage of the needed amplification is obtained 
in the i-f stages. 

Video Detector. — After the picture information 
goes through the i-f stages it must be demodulated, 
for in the i-f stages the signal is still in the form 
of a modulated radio frequency wave, although 
the radio frequency of the original wave has been 

horirontal 

AFC 

kinescope 

high- voltage 
kick-bock 

power supply 

reduced to that of the intermediate frequency. The 
method of obtaining this intermediate frequency 
will be explained later in the lesson. To accom-
plish demodulation, a " video detector" is provided 
following the picture i-f stages. It is the function 
of this detector to extract the picture information 
from the i-f carrier and sidebands, and to reject 
the high r-f frequencies. The output signal of the 
video detector is illustrated in Fig. 27-1. 

Video Amplifier. — The magnitude of the out-
put signal from the video detector is about 5 volts 
or so. Although the form of the signal is suitable 
for application to the kinescope grid, the am-
plitude is far too small since we need about 50 
volts. Therefore, additional amplification is re-
quired between the video detector and the grid of 
the kinescope to bring the video signal up to the 
required magnitude. This is provided by the " vi-
deo amplifier". 

— 
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The video amplifier generally consists of two 
stages of specially compensated R-C coupled 
amplifiers. These amplifiers are similar to audio 
amplifiers but must cover the unusually wide fre-
quency range from about 30 cycles to 4 mega-
cycles, so that there will be no distortion of 
picture information. Compensation for both low 

and high frequency response is provided by means 
of R-C networks and special inductances. The 
polarity of the video signal fed to the kinescope 
gri o must be such that the blanking and synchro-
.4,:ing pulses drive the grid in the negative 
direction. The blanking pulses must drive the 
kinescope grid below cutoff so that the scanning 
retrace lines will not be visible. With two stages 
of video amplification there is a total phase in-
version of 360 degrees, which means that the 
output signal of the second stage will be in the 
same phase as the input signal to the first stage. 
The output of the video detector must be of neg-
ative sync phase, as shown in Fig. 27-1..If only 
one stage of video amplification were used, the 
output of the video detector would have to be of 
positive sync phase, since a reversal of 180 
degrees through the one stage would provide the 
kinescope grid with negative sync signals. 

D-e Restorer. — A so called "d-c restorer" 
circuit is incorporated into some receivers. As 
you can see in the block diagram of Fig. 27-1, the 
d-c restorer is placed between the video amplifier 
output and the kinescope grid. As you have al-
ready learned, the average value of the picture 
signal is a d-c value that represents the average 
brightness of the transmitted scene. This d-c 
level may be inserted in the modulator of the 
television transmitter and effectively radiated 
with the signal.Thed-c level is preserved through 
all of the r-f and i-f stages of the receiver and is 
also present in the output of the video detector. 
however, if any coupling condenser is present 
anywhere in the circuits between the video de-
tector and the kinescope grid, the d-c level is 
lost and the scene brightness may not be correctly 
reproduced. 

In receivers using d-c restorer circuits, these 
usually consist of a diode rectifier and associated 
R-C circuits. The action of the restorer is to line 
up the blanking and sync pulses at a common 
level regardless of scene brightness, and thus 
re-insert the original d-c value as it appeared at 
the transmitter. 

Some receivers are so designed that no coupling 
condenser appears after the video detector. In this 
case a d-c restorer is not needed since there is 
no loss of the d-c level. Such receivers incorporate 

video amplifiers which are said to be "direct-
coupled", or "d-c coupled". Direct coupled am-
plifiers have perfect low frequency response down 
to zero cycles and therefore do not have to be 
compensated for low frequency response. 

Kinescope. — After d-c re-insertion (when 
used), the video signal of negative sync polarity 
is applied to the grid of the kinescope. At this 
point, the signal causes variations in the inten-
sity of the electron beam, which in turn cause 
light intensity variations on the face of the kine-
scope. Since the beam is being swept horizontally 
and vertically during the light intensity variations, 
a picture is traced on the screen. 

Sound l-f. — Now let's go back in the block 
diagram and follow the sound signal. Depending 
upon the receiver, the sound signal is taken off 
in one of two places, as we previously learned. 
After the sound is taken off by a tuned circuit, it 
is fed into the first stage of the sound i-f am-
plifier. Depending upon the sound take-off point, 
there may be either two or three stages of sound 
i-f amplification. Remember that the sound signal 
is frequency modulated. 

Discriminator. — A special frequency modu-
lation detector must be provided for demodulation. 
This is usually a "discriminator" circuit. The 
circuit performs a companion function to the video 
detector. That is, it extracts the sound information 
from the frequency modulated i-f carrier wave. 
After detection, the sound signal passes through 
a conventional audio amplifier to the loudspeaker. 

Audio Amplifier. — The audio amplifier in most 
sets consists of two stages, a voltage amplifier 
and a power amplifier. The voltage amplifier may 
be a high triode such as the triode section of 
the 6AV6 double diode-triode; the power amplifier 
tube is often a 6K6-GT beam power pentode. It is 
interesting to note that the frequency response of 
the audio amplifier in a television set is, in 
general, superior to that of a conventional broad-
cast set, because the television sound channel 
frequency band allocation does not have the limit-
ation present in conventional sound broadcast 
channels (5kc) and can utilize audio frequencies 
up to 15 kc. 

AGC. — The picture channel is generally pro-
vided with some system of automatic gain control 
(AGC). This is a circuit which tends to keep the 
output of the picture r-f and i-f systems constant, 
regardless of variations in antenna signal. AGC 
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is very important in reducing picture fading, such 

as "airplane flutter" and video variations produced 
by other causes. Airplane flutter is a very rapid 
and annoying variation of picture signal strength 
due to the presence of nearby flying aircraft. 

There are various methods of producing AGC 
control voltages, some of which will be described 
in later lessons. In general, however, the prin-
ciple of AGC is as follows. A d-c voltage is 
produced by rectifying and filtering the sync and 
blanking pulse voltages. This d-c voltage is 
always proportional to the amplitude of the sync 

and blanking pulses, and therefore proportional 
to the strength of the received signal. The d-c 
voltage, which is negative in polarity, is fed back 
to the grids of the picture i-f and r-f amplifiers. 
This acts as a bias and controls the gain of these 

amplifiers. For instance, if the input signal 
strength should suddenly increase, the rectified 
negative bias would increase and this would 
decrease the gain of the i-f and r-f amplifiers thus 
tending to hold the output constant. A decrease 
in input signal strength would result in a de-
creased negative bias, an increase of amplifier 
gain and again to maintain constant receiver out-
put. You can see now, that AGC is a great help 
in maintaining a picture signal of constant am-
plitude. AGC is seldom provided for the sound 
channel of the receiver since the frequency modu-
lation system usually provides sufficient AGC 
action for normal reception. 

Synchronization and Deflection. — Up to now 
we have been discussing only the actual sound 
and picture signals. However, as you found out 
in previous lessons, there are also synchronizing 
and deflection circuits in the television receiver. 
Synchronizing circuits are needed to insure that 
the movement of the electron beam in the receiver 
kinescope is in step with the corresponding move-
ment of the beam in the camera tubes. The de-
flection circuits are those which actually cause 
the movement of the beam, and these in turn are 
controlled by the synchronizing circuits. 

Sync Circuits. — Let us begin at the output of 
the video amplifier and d-c restorer (if any). As 
you can see in Fig. 27-1 the entire video signal 
is present at this point, with the sync pulses 
having negative polarity. (Some receivers may tap 
off the signal at other points.) It is now necessary 
to separate the sync pulses from the rest of the 

video signal in order that they may be used even-
tually to synchronize the deflection circuits. A 
set may have the following type of sync circuits, 

although this is not meant to be typical of all 
type receivers. The negative polarity sync signals 
come first to the sync amplifier, where the entire 
signal is amplified and inverted 180 degrees. The 
amplified video signal is then fed into the sync 
separator, and as shown in the block diagram, the 
sync pulses are the only portion of the video 
signal which pass this stage. After the sync 
separator, the sync pulses pass through the sync 
limiter. As you can see, this stage actually re-
duces the amplitude of the sync pulses, but at the 
same time it removes much of the noise pulses on 
the signal. It is essential that noise pulses be 
kept out of the deflection system as much as 
possible, to prevent possible loss of synchroni-
zation. After passing through the sync limiter, 
the sync pulses are fed into two different circuits, 
the integrator and the horizontal AFC circuits. 

Integrator. — The integrator network is part of 
the vertical deflection system. It consists of an 
R-C circuit that effectively separates the vertical 
synchronizing pulse for each field, which actually 
consists of a series of six serrated pulses. The 
integrator network functions so as to make one 
sharp pulse from the six serrated pulses. Since 
this pulse is formed once each field, it has a 
repetition rate of 60 cycles per second. This 60 
cycle pulse which is formed from signals sent 
from the transmitter is fed into the vertical sweep 
oscillator circuit. 

Vertical Oscillator. — This is an oscillator 
circuit capable of generating sweep waveforms at 
the rate of 60 cps. The unsynchronized frequency 
of the vertical sweep generator may be varied 
somewhat above and below 60 cycles. However, 
the action of the vertical synchronizing pulses is 
such that they force the vertical sweep generator 
to operate at 60 cycles, in synchronism with the 
vertical sweep of the television transmitter. 

The waveformfromthe vertical sweep generator 
next passes on to the vertical sweep amplifier 
and from there is applied to the vertical deflecting 

coils. The action of the coils, in conjunction 
with the amplifier, is to sweep the scanning beam 

linearly from top to bottom of the kinescope and 
back, at 60 cycles per second.At the same time, 
of course, the horizontal sweep motion is taking 
place. 

Horizontal AFC. — Now let's go back to the 
output of the sync limiter and trace through the 
horizontal sweep channel. The horizontal sweep 
system incorporates an automatic frequency 
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control circuit. The purpose of this circuit is to 
automatically maintain the frequency of the horizon-
tal sweep oscillator at the correct value as estab-
lished at the television transmitter. This has two 
advantages. First, it makes the horizontal oscil-
lator extremely stable and gives it a great deal of 
immunity from the effects of noise pulses. The 
noise pulses tend to trigger off the horizontal 
oscillator at the wrong time, and thus cause 
"tearing" of the picture on the kinescope. Second-
ly, it eliminates the necessity of constantly ad-
justing the horizontal hold control, thussimplifying 
operation of the receiver to some extent. 

Note that the sync pulses from the sync limiter 
do not go to the horizontal sweep oscillator, but 
to the AFC circuit. Pulses from the horizontal 
sweep oscillator and the horizontal output de-
flection system are also fed to the AFC circuits. 
(Some receivers, however, may have different 
arrangements). The combination of these pulses 
affects the AFC circuit so that it always main-
tains the horizontal sweep oscillator in correct 
synchronism at a frequency of 15,750 cycles per 
second. 

The sweep oscillator output drives the hori-
zontal sweep amplifier. The output of the horizon-
tal sweep amplifier is fed into a special horizontal 
output transformer. This provides the energy to 
drive the horizontal deflection coifs, and also 
produces the high accelerating voltage necessary 
to operate the kinescope. 

Low Voltage Supply. — In addition to the high 
voltage supply, there is also a low-voltage power 
supply. This is of conventional design and supplies 
power to all filaments, plates and screen grids, 
as well as fixed bias voltages for some of the 
tubes. 

This completes our block diagram study of the 
television receiver. As we proceed from now on 
we shall go into more detail about the various 
circuits and parts. 

THE SUPERHETERODYNE CIRCUIT 
27-2. The television receiver, like many others 

is of the "superheterodyne" type. Before we can 
really begin to understand how the television re-
ceiver works we must be familiar withthe principle 
of a superheterodyne circuit. Therefore, we are 
going to take time out now to investigate this. 

Generally speaking, there are two basic types 
of receivers: the "tuned r-f", and the "super-
heterodyne". The tuned r-f receiver is rarely used 
these days and never for television, so we shall 
not concern ourselves very much with this type 
here. For comparison purposes, though, let us 
first examine a simplified block diagram of a 
typical tuned r-f (t-r-f) receiver as shown in Fig. 
27-2. 

T-r-f Receiver. — As you can see, this type of 
receiver consists of several r-f tuned stages 
followed by a detector, audio amplifier and speake; 
All three radio frequency stages are tuned to-
gether, usually by a three gang variable tuning 
condenser. (A t-r-f receiver may have other than 
three tuned stages, however.) 

There are several important disadvantages of 
a tuned radio frequency receiver. Perhaps the 
main one is that all radio frequency stages must 
be tuned over a wide band of frequencies. This 
generally means that the r-f circuits cannot be 
designed to give optimum efficiency, resulting in 
relatively poor selectivity and sensitivity. Selec-
tivity may be defined as the ability of a receiver 
to discriminate between the desired signal and 
undesired signals. The sensitivity of a receiver 
is a measure of its ability to provide satisfactory 
output when a weak signal is received in the 
antenna. The sensitivity and selectivity of a t-r-f 
receiver may be improved by adding additional 
tuned stages. However, this makes the receiver 
unwieldy in size, and creates other problems such 
as the difficulty in preventing undesired oscil-
lations from occuring. 

3 rd• audio 

r-f detec tor amplifier 
amplifier 
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Fig. 27-2 
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The Superheterodyne Principle. — The disad-
vantages d the t-r-f receiver may be largely ovet-
corne by reducing the frequency of the incoming 
signal after it has been selected by tuned r-f 
stages, and then amplifying it further in fixed-
tuned stages. These fixed-tuned stages are known 
as intermediate frequency amplifiers, or simply 
"i-f" amplifiers. Because the i-f amplifieroperates 
it a fixed frequency, it is possible to design it 
to provide the maximum selectivity and sensitivity. 
The i-f amplifier provides most of the radio fre-
quency gain in the superheterodyne receiver. A 
further advantage of the superheterodyne receiver 
is that there is less tendency for r-f oscillations 
to occur. This is true because r-f amplification 
takes place at two different frequencies, r-f and 
i-f, and thus reduces the possibility of creating 
undesired oscillations in the receiver. A simplified 
block diagram of a superheterodyne receiver is 
shown here: 
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signals fed into its input circuit. One is the in-
coming signal from the r-f amplifier at 59.75 mc 
and the other the locally generated sine wave 
signal from the oscillator at 81 mc. Basically, 
the function of the converter is to cause heter-
odyning of the two input frequencies, oscillator 
and r-f, in order to produce a third frequency in 
the output, which will be the i-f. Let us take a 
moment to talk about this phenomenon of producing 
a third frequency from two others by heterodyning. 

heterodyning and Beats. — First, let's get 
straightened out about the difference between the 
terms " beat," frequency and "heterodyne" fre-
quency. These are often used interchangeably 
but are not the same. As an example, let's take 
two frequencies of 100 and 101 cycles. We will 
apply these two frequencies to a linear circuit 
such as adistortionless class A amplifier and see 
what we have in the output. The output will con-

detector 

Fig. 27-3 

This actually represents the sound portion of 
a television receiver and the frequencies indicated 
are those frequently used in television. We have 
a signal coming in from the antenna ata frequency 
of 59.75 mc. This is the sound carrier of Channel 2 
This signal is selected and amplified by the r-f 
amplifier which is now tuned to receive 59.75 mc 
(Actually it receives the entire Channel 2, 54 to 
60 mc). 

The stage following the r-f amplifier is called 
the converter. The converter is a special stage 
unlike any in a t-r-f receiver. First of all, the 
amount of bias provides approximately Class AB 
operation on the non-linear portion of the charac-
teristic curve. This is very important. Secondly, 
its input and output circuits are tuned to different 
frequencies. And thirdly, it has two separate 

audio 

amplifier 
SOMOSSer 

sist of the algebraic addition of the amplitudes 
of the two waves. This resultant wave will vary 
in amplitude at the difference between the two 
signals, or 1 cycle per second. Note very carefully, 
however, that the only frequencies present in the 
output are the original ones, or 100 and 101 cps. 
The 1 cycle we have been speaking of cannot be 
filtered out and used. It is simply due to the 
addition and subtraction of the two original waves. 

Summarizing, then, we say that when any two, 
or more, frequencies are applied to a perfectly 
linear circuit, the only frequencies present in the 
output are the original frequencies. 

Now let us take the same two frequencies and 
apply them to a non-linear circuit such as a class 
AB amplifier. This produces the phenomena known 
as "heterodyning". When two frequencies are fed 
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into a non-linear circuit, distortion takes place 
and this distortion has the effect of producing new 
frequencies in the output which were not present 
at the input. These new frequencies may actually 
be filtered out and used. The most important fre-
quencies present in the output of a non-linear 

circuit are: 

a. The original two frequencies ( in this case, 100 
and 101 cps). 

b. The sum of the two original frequencies (201 
cps). 

c. The difference between the two original fre-
quencies ( 1 cps). 

d. Many harmonic ( or multiple) frequencies. 

Unlike the output of a linear circuit, any ot 
these frequencies can be filtered out and used. 
This is the principle used in a superheterodyne, 
where two different frequencies are fed into the 
grid of the converter stage. As we said before, 
the converter operates class AB, which means 
that it is a non-linear circuit and produces 

heterodyning. 

Looking back at the block diagram of Fig. 27-3 
we see that the frequencies of 59-75 and 81 mc 
are both fed into the converter. The output fre-
quencies from the converter include the original 
frequencies (59.75, 81 mc), the sum (140.75 mc), 
the difference (21.25), and many harmonic fre-
quencies. In most superheterodyne receivers, • it 

is desired to utilize the difference frequency as 
the intermediate frequency, since this is lower 
than the r-f signal and easier to amplify. In this 
case the difference frequency is 21.25 mc, and 
this is chosen as the sound i-f. 

We have seen that the output of the converter 
contains various frequencies. We desire to reject 
most of these and select only the required i-f, 
which in our particular example is only the sound 
i-f of 21.25 mc and its sidebands. Selection of 
the desired intermediate frequency is accomplished 
by means of tuned circuits having the correct 
bandwidth characteristics, to be described later. 
It is interesting to note that the intermediate fre-
quency still contains the original modulation 

information practically undistorted. 

Picture l-f Amplifier. — In discussing the pro-
duction of an intermediate frequency, we have 
thus far concerned ourselves solely with the 
sound i-f. However, as you know there is also a 
picture i-f to be produced. Whenever we speak of 
an i-f, it is assumed that we are including all 
desired sideband frequencies since these are 
formed in the same manner as the i-f carrier. 
When Channel 2 is being received, we have the 

picture carrier present at 55.25 mc and the sound 
carrier at 59.75 mc. The oscillator frequency (for 
many receivers) for Channel 2 will be 81 mc and 
as we already saw the sound carrier is converted 
to an i-f of 21.25 mc. -Similarly, a picture i-f 
carrier is produced which is the difference between 
the picture r-f carrier and the oscillatorfrequency. 
This is 81 minus 55.25 mc, or 25.75mc. Of course, 
the picture i-f sidebands are also reproduced. 

It is sometimes confusing tonote that although 
the picture r-f carrier is lower than the sound r-f 
carrier, this condition is reversed in the i-f's, with 
the picture i-f being higher than the sound i-f. 
However, this is no great mystery since it is 
simply the results of subtracting two numbers of 
different magnitudes from a single higher number. 
The larger number subtracted naturally results in 
a smaller resultant, and the smaller number sub-
tracted results in a larger resultant . Thus the 
carriers change relative positions when converted 
from r-f to i-f. As in the case of the sound i-f 
frequencies, the picture i-f (25.75 mc and side-
bands) is selected and amplified by suitably 
designed wide band i-f amplifiers. 

Now that we have discussed the block diagram 
of a television receiver and found out what a 
superheterodyne is, we are going back to examine 
each section of the TV receiver. 

THE FRONT END 

27-3. — The r-f pnit of a TV receiver is often 
called the "front end". The front end consists of 
the r-f amplifier, oscillator and converter stages. 
The first stage the signal meets is the r-f amplifi-
fier. The tube tsed here is generally a miniature 
glass type pentode such as the 6AG5. The r-f 
amplifier stage must pass a very wide band of 
frequencies in order to accomcdate the full width 
of each channel. This channel width is 6 mc as estab-
lished by the FCC. A typical response curve at Chan-

nel 2 is shown here: 

5525 5975 

Fig. 27-4 
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Bandwidth. — The picture carrier (55.25 mc) 
and the sound carrier ( 59.75 mc) are marked at 
the top of the curve. Note the broadness and 
flatness of the response curve, which is essential 
for proper amplification. Some idea of the extreme 
bandwidth required of the r-f amplifier, 6 mc, may 
be had by comparing it with that of a standard 
band broadcast receiver, which is only about 10 kc 
and an FM receiver, which is about 150 kc wide: 
The wide bandwidth required of the r-f amplifier 
means that its gain will be quite low, since gain 
varies inversely with bandwidth. The actual gain 
of the r-f amplifier varies according to the parti-
cular channel in use and decreases toward the 
higher channels. As an average figure we may 
say that the gain of the r-f amplifier is about 8. 

The r-f amplifier has both its grid and plate 
circuits tuned. Older models had only the plate 
circuit tuned. The advantages of also tuning the 
grid circuit are improved selectivity and rejection 
of interfering signals. In most of the later models 
receivers tuning is accomplished by means of a 
switching arrangement that selects taps on in-
ductances for each channel. Provision is made 
for alignment by means of variable condensers 
and inductances. The actual alignment of the r-f 
tuned circuits is made on only three channels. 
The other channels should automatically be in 
alignment when these three (Channels 6, 7, 12) 
are correctly aligned. 

Converter Stage. — As we mentioned before, 
the converter stage has some unusual operating 
characteristics, such as class AB bias and 
different input and output frequencies. The input 
of the converter is always tuned to the same fre-
quency as the r-f amplifier. That is, it is tuned 
to the frequency of the desired channel. As in 
the case of the r-f amplifier, the converter must 
pass the full 6 mc bandwidth of each channel. 

In addition to the r-f signal, the oscillator 
signal is also present at the converter grid. This 
is coupled inductively by means of a small 
coupling loop. With the oscillator frequency 21 mc 
above the high end of each channel, as a typical 
value, this is considerably above the frequency 
of the converter's input tuned circuit. However, 
the magnitude of the oscillator voltage is realtively 
high, and the input circuit offers sufficient im-
pedance to develop the desired amount of os-
cillator voltage at the converter grid. 

The tube used for converter service is often 
the same tube type as the r-f amplifier — the 
miniature glass pentode 6AG5. Grid leak bias is 
used for the converter. The cathode of the con-

verter is grounded and the grid is also returned 
to ground. The r-f signal at the converter grid is 
too weak to cause any appreciable grid current 
to be drawn, but the oscillator signal causes a 
grid-leak bias of from 2 to 6 volts to be developed 
depending upon the channel and the individual re-
ceiver. In the output of the converter stage is the 
i-f frequency, which is selected by the i-f amplifiers. 

Gain. — Because the input and output fre-
quencies are different, the gain of the converter 
is very low and may be in the order of only 3 or 4. 

Tube Noise. — Incidentally, due to the way 
in which it is operated the converter is respon-
sible for developing more tube noise than any 
other single tube in the receiver. In view of this 
fact, the importance of the r-f amplifier is in-
creased because the amplified output of the r4 
amplifier is able to override the converter tube 
noise better than the original unamplified antenna 
signal. The input circuit of the converter stage is 
aligned in the same way as the r-f stage. It is 
only aligned on Channels 6, 7,and 12, the others 
falling into correct alignment automatically, 
Actually, the r-f and converter stages are aligned 
at the same time. 

Oscillator Stage. — The oscillator has a very 
important part to play in any superheterodyne 
receiver. It provides the signal against which the 
r-f signal is heterodyned in the converter to pro-
duce the i-f. As such, it must not only be of the 
right frequency, but it must be capable of main-
taining this frequency. The ability of an oscillator 
to maintain a certain frequency over a period of 
time is known as its "stability". Due to the high 
frequencies at which the heterodyning oscillator 
operates in a TV receiver special precautions 
must be taken to insure its stability. 

Oscillator Stability. — The stability of the 
oscillator is of the utmost importance, since this 
largely determines the stability of the entire 
television receiver. If the oscillator frequency 
should drift, then the intermediate frequencies 
will change; if the change is great enough re-
ception will be impaired. Some amount of oscil-
lation drift is inevitable, however. To correct for 
this and also to facilitate tuning, a " fine tuning" 
control is provided. This is a vernier control of 
oscillator frequency and its use will be more fully 
described later. 

It should be realized that in any television 
receiver the oscillator drift will be most serious 
during perhaps the first 30 minutes after a "cold" 
set is first turned on. During this warm up period, 
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various parts and tubes are heating up and ex-
panding. This expansion causes small changes 
in the values of resistors, coils and condensers, 
which in turn causes the oscillator frequency to 
drift. Thus, you will find that in many receivers 
you may have to readjust the fine tuning control 
during the first half-hour of operation, but possibly 
not at all after that. 

Some steps that may be taken to reduce drift 
are temperature compensation, and the choice of 
suitable tube circuits and parts. The oscillator 
tube used in many receivers is the 6J6 dual-triode 
miniature glass type. Both triode sections are 
used when the oscillator is the "push-pull" type. 
The use of a push-pull oscillator provides better 
frequency stability than can generally be obtained 
from a single tube oscillator of this type. Fre-
quency stability of the oscillator is also improved 
by mounting the oscillator coils and condensers 
in a shielded compartment away from the heating 
effects of tubes and other components. This ar-
rangement provides a more even temperature level 
in the oscillator circuit, thus improving oscillator 
stability. There is no gain in the oscillator, of 
course, since this circuit is designed only to 
produce a single frequency sine wave signal and 
is not designed ro amplify the incoming signal. 

1-f CIRCUITS 

27-4. After the signal leaves tir converter, it is 
fed into the i-f stages. Since the sound i-f section is 
simpler than the picture i-f, we will discuss this first. 
To assist us in this, a complete bbck diagram of tie 
sound i-f section is given here: 
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1st sound 
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2nd sound 
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but so far have said little about frequency modu-
lation. Let us therefore, take a minute or so to 
see what this FM is all about. 

Frequency Modulation. — You will remember, 
that in amplitude modulation (AM) we started out 
with an r-f carrier wave and an audio modulating 
signal. By means of the modulator, we made the 
amplitude of the carrier vary in accordance with 
the audio information. In frequency modulation we 
start out with the same two elements, r-f carrier 
and audio modulating signal. However, instead of 
having the audio signal change the amplitude of 
the carrier, we make it change the instantaneous 
frequency of the carrier. This idea can be made 

clearer with the aid of Fig. 27-6. 

Note first of all, that in all portions of the 
modulation cycle, the amplitude of the FM wave 
remains constant. This is totally unlike the AM 
wave where the amplitude is constantly varying. 
From A to B on the modulating (audio) signal, 
there is no variation of audio and the i-f carrier 
remains constant at its original or "resting" 
frequency of 21.25 mc as an example. At B the 
audio voltage begins to increase, going into the 
positive portion of the cycle. This acts through 
the FM modulator in such a way as to increase 
the frequency of the transmitted signal. (In other 

systems, the frequency might decrease first 
rather than increase.) 

The rate at which the frequency increases is 
exactly the same as the rate of the audio cycles. 
As the audio cycle approaches its maximum am-

64L5 

sound 

discriminator 

Fig. 27-5 

After leaving the sound take-off circuit, which 
separates the soundfrom the picture i-f frequency, 
the signal is fed into the first sound i-f amplifier. 
This amplifier often employs a 6AU6 miniature 
glass pentode, and has tuned grid and plate 
circuits. These circuits are peaked at the sound 
i-f, but are designed to have a bandwidth of about 
200 kc. in order to pass all of the important 
sideband frequencies of the frequency modulated 
sound i-f signal. We have already discussed in 
Lesson 21 the principles of amplitude modulation, 
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plitude through C, the frequency of the i-f carrier 
continues to increase until at point D it reaches 
its maximum value of 21.50 mc. We have been 
speaking of the i-f carrier here because this now 
concerns us directly. However, the same sort of 
variations take place in the r-f FM carrier before 
heterodyning. After the audio wave reaches its 
maximum positive peak, it begins to decrease in 
value. This now causes the frequency of the i-f 
carrier to decrease at the same rate from its 
maximum value of 21.50 mc, at point D, to the 
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"resting" frequency of 21.25 mc at point E. The 
audio wave then begins to go in the negative 
direction. This causes the i-f carrier to go below 
the resting frequency so that by the time we 
reach point H, the i-f carrier frequency has dropped 
to 21.00 mc. Note, that the most negative value 
of audio signal produces the lowest i-f carrier 
frequency. From point H, the negative value of 
audio wave decreases and this causes the i-f 
carrier frequency to start increasing in value 
until at point J it returns again to the resting 
value of 21.25 mc. This completes one full cycle 
of a frequency modulated wave. 

In Fig. 27-6-it is indicated that the audio fre-
quency is 1000 cps. This means that the carrier 
will go through its frequency excursions at the 
rate of 1000 times per second. We have seen that 
the i-f carrier frequency has been caused to 
change plus and minus 25 kc. This is not always 
the case but was chosen because in television 
FM broadcasting, it represents the condition of 
100 percent modulation. (In standard FM broad-
casting, plus and minus 75 kc is 100 percent 
modulation.) 

We have seen that the frequency of the audio 
wave governs the rate of change of frequency of 
the carrier wave. If is very important that you 
understand and remember this. Another important 
point is this; the amount of frequency change, or 
"deviation", is proportional to the amplitude of 
the audio wave. Remember, the rate of change of 
carrier frequency is that of the audio frequency. 

2125mc 21.00mc. 21. 25ir?c. 

The amount of change depends on the audio am-
plitude. We have repeated these points because 
of their importance. 

Bandwidth of the Sound l-f Amplifier. — We 
mentioned before that the bandwidth of the sound 
i-f amplifiers is about 200 kc. This may seem 
strange in view of the fact that the sidebands of 
the FM sound signal extend to only plus and 
minus 25 kc, or a total of only 50 kc. It might 
seem at first thought that since the required 
bandwidth is only 50 kc, the sound i-f's would 
be designed to pass only this in order to obtain 
maximum gain per stage. 

We must remember though that two i-f's, sound 
and pix, are produced simultaneously and since 
perfect alignment is not possible, some allowance 
must be made to simplify tuning somewhat when 
operating the fine tuning control, so that it will 
not be quite so critical. Another factor is os-
cillator drift. Any slight drift would result in 
distortion of the sound if the sound i-f bandwidth 
were not widened somewhat. On the other hand, 
this drift usually does not cause a perceptible 
change in picture quality to the average viewer. 
For these reasons the bandwidth of the sound i-f 
amplifiers is made about 4 or 5 times greater than 
the 50 kc bandwidth of the signal. 

The gain of an average sound i-f amplifier is 
in the order of 35. The overall gain for the two 
sound i-f stages is therefore 35 times 35 or about 
1225. This figure is not necessarily intended to 
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be the correct value for all receivers, but is simply 
given so that you will get some idea of the gain 
of two stages. 

Noise Reduction. — You will find that the bias 
for the first sound i-f amplifier is the conventional 
cathode bias, but the second stage employs grid 
leak bias. This type of bias, in conjunction with 
a low screen grid voltage, gives the second 
stage the ability to remove most of the noise 
pulses from the FM signal, thus helping to provide 
the advantage of noise free reception. The sound 

amplifiers are coupled by a tuned transformer 
resonant at the intermediate frequency. A sim-
plified diagram of one sound i-f stage is shown 
here: 

1st sound 

i-f amp. 
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At 

Fig. 27-7 
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Discriminator. — The stage following the 
sound i-f amplifier is the sound discriminator. 
This is the FM detector. It is coupled to the 
second sound i-f amplifier through a special dis-
criminator transformer. The transformer is tuned 
to the sound i-f, with a center-tapped secondary 
that is connected into the sound discriminator 
tube, a duo-diode. The sound discriminator circuit 
transforms the variations of frequency in the i-f 
signal back into the original audio signal. 

These audio variations are RC coupled to the 
first audio amplifier. The gain of this audio 
(voltage) amplifier is about 70. The output of the 
voltage amplifier is RC coupled into the audio 
power amplifier tube, which is in turn transformer 
coupled to the loudspeaker. A maximum audio 
power output of about 3 watts may be obtained 
from the output stage. 

This Completes our discussion of the sound 
section of the receiver and we are now ready to 
turn our attention to the picture section. 

The Picture l-f Amplifier. — The picture i-f 
amplifier is considerably more complicated than 

the sound i-f stages. First of all, it must have a 
pass band greater than 4 mc. It must reject the 
.sound i-f and certain other undesired frequencies, 
and also have a special shape to its overall 
characteristic curve. The response of a typical 
picture i-f amplifier is shown here: 
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This response is the result of four stages of 
tuned i-f amplifiers and several traps, which we 
shall discuss shortly. (The i-f amplifier and fre-
quencies discussed here are typical examples, 
but they may be different in some sets.) Let's 
take a look at the response curve and note several 
important points. First of all, observe that the 
picture i-f carrier frequency of 25.75 mc is not 
situated at the top on the flat portion of the curve 
but is about 40 percent down. We cannot go into 
any detailed explanation of this now, other than 
to saythat it is necessary to provide linear output 
from the picture detector. From the 25.75 mc 
mark on the curve, the response to the upper left 
portion of the curve includes a bandwidth of about 
4 mc. If you will remember, this is needed for 
full picture detail reproduction. 

The sound i-f of 21.25 mc is shown to have 
practically zero response, due to the effect of 
two traps tuned to reject 21.25 mc from the picture 
circuit. This is important, because if the sound 
signals reach the kinescope they will cause hori-
zontal bars to appear in the picture. 

Two other frequencies are marked on the curve, 
These are 19.75 mc and 27.25 mc. Traps are pro-
vided to reject both of these frequencies to prevent 
adjacent channels from causing interference in 
the picture. More will be said about this in a 
later lesson, but as you can see, the 19.75 mc i-f 
is produced by beating the adjacent higher chan-
nel's picture carrier against the local oscillator, 
while the 27.25 mc i-f is produced by beating the 
adjacent lower channel's sound carrier against 
the local oscillator. A detailed block diagram of 
the picture i-f system is shown in Fig. 27-9. 
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Staggered Tuning. — This i-f amplifier is the 
so called " stagger-tuned" type. This does not 
mean that the designers were inebriated, but that 
each stage of i-f is tuned to a different frequency. 
By examining the block diagram you will note 
that the four i-f amplifiers are tuned to the fre-
quencies of 25.9 mc, 22 mc, 24.6 mc and 22.5 mc, 
respectively. Stagger tuning is a method of ob-
taining the wide band response needed, with the 
advantages of simplicity in design and construction, 
and ease of alignment. The picture i-f stages are 
relatively easy to align since each stage is 
peaked at one definite frequency. 

Wave Traps. — There are six traps in the 
picture i-f system shown in Fig. 27-9. The 
first one precedes the first picture i-f amplifier 
and is tuned to 19.75 mc. As we said before, this 
trap is designed to reject signals due to the ad-
jacent higher channel picture carrier. The trap is 
the so called "absorption" type, and consists of 
a tuned circuit inductively coupled to the grid 
circuit of the first picture i-f amplifier. The 
second trap is tuned to 27.25 mc and is coupled 
to the plate coil of the first picture i-f amplifier. 
This is also of the absorption type, as are all of 
the i-f traps in these receivers. The function of 
this trap is to reject the signals formed by the 
adjacent lower channel sound carrier. The next 
trap has a double function. (This may be different 
in some receivers.) It is tuned ro 21.25 mc, and 
coupled to the plate coil of the second picture 
i-f amplifier. This trap acts to reject the sound 
i-f from the picture channel and has the additional 
function of a sound take-off circuit. (In some 
receivers the sound is taken off immediately after 
the converter.) The fourth trap is coupled to the 
plate coil of the third picture i-f amplifier, and is 
a duplicate of the second trap. It was found that 
two traps at this frequency were required to pro-
vide sufficient rejection. The fifth trap is similar 

to the third and is tuned to 21.25 mc. It is coupled 
into the cathode circuit of the fourth picture i-f 
amplifier. The sixth and last i-f trap is coupled 
into the cathode of the picture detector and is 
tuned to 19.75 mc. This is the second trap at 
this frequency in the picture i-f strip, to provide 
additional rejection. 

A simplified diagram of one picture i-f stage 
with a trap is shown here: 

Ise pll f end air i-f 

Fig. 27-10 

Tuning of the plate circuit is accomplished 
by varying a slug in the plate coil. Note how the 

absorption trap is inductively coupled to the 
plate coil and absorbs energy at 27.25 mc. 

Picture I-f Gain. — The gain of each picture 
i-f stage is less than that of a sound i-f stage 
because of the wider bandwidth required. The 
gain of each of the 4 stages is in the order of 12 
or so, which makes the overall gain of the entire 
picture i-f amplifier about 20,000. 

AUTOMATIC GAIN CONTROL 

2 7-5. As we mentioned before, many receivers 
employ automatic gain control circuits in the r-f 
and picture i-f amplifiers. The advantages of this 
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have already been given. While many systems of 
AGC exist, the circuit described here is one of 
several types used in TV receivers. The block 
diagram looks like this: 

from pis detector 

J`f\Ajt-

signal should increase. This means that the 
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increase in sync pulse amplitude applied to the 
AGC rectifier will cause the average value of 
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Fig. 27-11 

Circuit Operation. — The video signal, with 
positive sync polarity, is tapped off the output 
of the 1st video amplifier and fed into the grid of 
the AGC rectifier tube. This is one triode section 
of a 6SN7. There is a fixed bias of about 11 volts 
on this tube, which with a plate voltage of 80 
volts, places the tube below cut off in the ab-
sence of grid signal. The bias is enough to allow 
only the positive sync pulses to cause plate 
current flow. This is important because the AGC 
voltage depends upon the amplitude of sync 
pulses, these being the only fixed level reference 
voltages in the video signal. The output of the 
AGC rectifier (for AGC purposes) is taken from 
the cathode. 

As shown in Fig . 27-11, the cathode signal is 
a sawtooth wave. The average value of this saw-
tooth becomes more positive as the amplitude of 
the sync pulses (and the entire video signal) 
becomes greater. The sawtooth wave from the 
cathode of the AGC rectifier is fed into the grid 
of the f‘.7-C amplifier. This stage is essentially 
a d-c amplifier. Due to the very extensive filtering 
in the plate circuit, the only output from the AGC 
amplifier is a d-c voltage proportional to the am-
plitude of the sync pulses. However, the polarity 
of the output of the AGC amplifier is negative. 
This is applied as bias to the r-f and i-f amplifiers. 

Briefly, the action of the AGCis this: Suppose 
that for some reason (fading, etc.) the antenna 

to 1st and 3rd 
pix i-f grids 

to r-f amplifier 
grid 

the sawtooth in the cathode to become more 
positive. This more positive value is applied to 
the grid of the AGC amplifier and causes the 
plate of the AGC amplifier to become more neg-
ative. The increased negative voltage is applied 
to the r-f and i-f amplifiers and reduces their 
gain so that the output signal remains at about 
the original amplitude. In the event that the an-
tenna signal had decreased, the output of the 
AGC amplifier would have become less negative, 
increasing the gain of the r-f and i-f amplifiers 
and thus bringing up the output signal strength 
near the original value. 

An AGC "threshold" control will be found 
between the cathode of the AGC rectifier and the 
grid of the AGC amplifier. This control varies 
the d-c bias on the AGC amplifier and provides 
a means of adjusting the AGC system for the 
proper operating range for both weak and strong 
signals. 

An important point to keep in mind is the fact 
that although other AGC systems may use different 
circuit arrangements, they operate according to 
the same basic principles. 

PICTURE DETECTOR & VIDEO AMPLIFIER 

27-6. A complete block diagram of the picture sec-
ond detector and video amplifier section is shown in 
Fig. 27-12. 
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The picture second detector utilizes one 
diode section of a 6AL5 dual diode tube. This is 
an AM detector, since the picture information is 
amplitude modulated. The output of the diode 
detector is coupled into the grid of the first video 
amplifier. This coupling may be accomplished 
either capacitively or by direct coupling, de-
pending upon the particular receiver. The diode 
detector's output contains the sync and blanking 
pulses as well as picture information. The picture 
information has frequencies as low as 30 cycles, 
or less, and as high as 4 mc, or more. Therefore, 
the video amplifier, which amplifies the detector 
output, must be capable of passing this wide 
band of frequencies (30 to 4,000,000 cps.). Other-
wise, the picture quality will be impaired. Gener-
ally speaking, two types of video amplifiers are 
used. 

Direct Coupling. — One type of video amplifier 
circuit uses direct coupling from the video detector 
to the kinescope grid. This means there are no 
coupling condensers present between these two 
points. This is made possible by a voltage dis-
tribution system that provides correct operating 
voltage for all of the tubes involved. 

The advantages of direct coupling are the 
almost perfect low frequency response that can 
be obtained, and elimination of the need for a 
d-c restorer circuit. However, the direct coupled 
amplifier is more difficult to service because its 
operating potentials are much more critical than 
in a capacitively coupled amplifier. 

There are generally two stages of video am-
plification employed in either the direct-coupled 
or a-c coupled types to provide the desired gain. 
The high frequency response for either type of 
video amplifier is maintained by the use of 
peaking coils in the plate circuit. 

A-e Coupling. — The capacitively coupled 
amplifier is more stable and easier to service 
than the direct-coupled type. Because of the 
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capacitive coupling, however, it must be specially 
compensated for low frequencies. This type of 
video amplifier looks very much like an ordinary 
R-c coupled audio amplifier, except for the high 
and low frequency compensating circuits. 

When an a-c coupled video amplifier is used, 
a d-c restorer circuit is generally employed to 
provide the proper picture background illumination 
corresponding to very slow variations in bright-
ness. This will be discussed shortly. 

4.5 mc Trap. — Between the first and second 
video amplifier in Fig. 4-12 you will find a 4.5 
mc trap. The need for such a trap is not immed-
iately obvious, so let's see why it is used. We 
know that the sound and picture carriers are 
always 4.5 mc apart. This is true for the r-f and 
i-f carriers. While it is true that traps are pro-
vided to reject the sound i-f from the picture 
channel, the effectiveness of such traps depends 
to a large extent upon the correct setting of the 
"fine-tuning" control. Since this is a vernier 
control of oscillator frequency, it determines 
(within limits)the actuali-f's which are produced. 
All the traps are fixed tuned to one frequency 
and if the oscillator frequency is not exactly 
right, the i-f traps cannot function properly. 

Some slight misadjustment of the fine tuning 
control is inevitable at times, so that we may 
expect some of the sound i-f signal to get through 
the picture i-f stages. The sound and picture i-f 
carriers are 4.5 mc apart. These frequencies are 
heterodyned in the picture second detector and 
produce the difference frequency of 4.5 mc in the 
detector output. If this 4.5 mc signal is not re-
jected, it will reach the kinescope grid and pro-
duce an interference pattern of fine vertical 
lines. These lines can usually be removed by 
critical tuning of the fine tuning control, but the 
average viewer either doesn't know this, or 
doesn't want to be bothered. The addition of the 
4.5 mc trap removes this interference and there-
fore makes the receiver somewhat less critical 
in tuning. 
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Receiver Gain. — The gain of the first video 
amplifier is about 3 and that of the second about 
5. This makes the total gain 3 X 5, or about 15 
for the video amplifiers illustrated in Fig. 27-12. 

Let's see what all these gain figures add up 
to. At the kinescope grid we need about 50 volts, 
peak-to-peak, of picture signal. To obtain this 
we need a certain amount of signal fed into the 
r-f amplifier from the antenna. Let's figure out 
how much. First we'll calculate the total gain of 
the entire receiver through the picture channel. 
This is done by multiplying the gains of each 
individual section, thus: 

1. The gain of the r-f amplifier times the gain of 
the converter equals 8 x 4, or 32. This is the 
gain of the front end. 

2. The gain of the front end times the gain of the 
picture i-f amplifiers equals 32 x 20,000, or 
640,000. This is the gain of the entire r-f, i-f 
portion of the receiver. 

3. The gain of the r-f, i-f portion times the gain of 
the video amplifier equals 640,000 X 15 or 
9,600,000. 

Now, the required input antenna signal to 
provide 50 volts at the kinescope grid equals 

9,60500,000 volts orabout 5 microvolts. A consider-

ably larger value of antenna signal is desirable, 
however, to provide a satisfactory signal to noise 
ratio. 

-C RESTORATI ON 

27-7. Not all television receivers use direct 
coupled video amplifiers, and such receivers re-
quire a d-c restorer circuit. There are various cir-
cuit arrangements that can be used to accomplish 
cl-c: restoration, but perhaps the most common one 
is a diode connected between the last video ampli-
fier and the grid of the kinescope. It is not our 
purpose in this lesson to discuss actual circuits 
of d-c restorers but rather to determine why they 
may be required in receivers not using direct 
coupling. We stated previously that if any coupling 
condenser was used between the output of the 
video detector and the kinescope grid, d-c re-
storation would be necessary. 

Since the condenser is the culprit in this case, 
let's see what it doesto the signal is a simplified 
manner. First of all, let us state that if any wave-
shape is applied to a simple RC coupling circuit, 
the condenser will charge to the average value of 
the input wave. Furthermore, because this average 
valve is the ci-c value of the input waveshape it 
will not exist on the output side of the condenser. 
Consequently, a new average value will exist in 
the output. 

Let's examine this situation in terms of a 
simple sine wave signal in an RC coupled am-
plifier, as shown here: 

Fig. 27-13 

In the plate circuit of V1 we have a sine wave 
signal with a peak-to-peak value of 50 volts. Due 
to the plate supply voltage, the signal varies 
from plus 100 y upward to 125 AT, and downward 
to 75 v. The average value of this signal is 100v, 
since this is a symmetrical sine wave. The con-
denser C charges to this average value of 100 y 
as indicated in the figure. 

Now, let's look at the signal as it appears on 
the grid of V2. We still have the same 50 I/ peak-
to-peak signal, but (and this is a big " but"), the 
average value is completely different. It is now 
zero, whereas originally it was 100 v. In other 
words, the original d-c level has been lost in the 
condenser. 

This situation is actually desirable in am-
plifiers because it removes the B plus voltage 
from the grid of the following stage. In a tele-
vision signal, however, losing the d-c level can 
cause errors in brightness level and other effects 
previously mentioned. 

So far we have only seen the effects of a 
simple sine wave signal passing through a con-
denser. However, the video signal consists cf un-
symmetrical pulses and video information, which 
may act differently than a simple sine wave in 
an RC circuit. Let's look at this simplified 
drawing of a video signal representing a couple 
of lines of a scene having high average brightness. 

Ce 

Fig. 27-14 
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Sync Separating Circuits 

The average value of this type of signal is 
found by drawing a horizontal line making areas 
A and B equal. As shown, this causes the signal 
(on the plate) to vary from plus 100y upward to 
110 I/ and downward from plus 100 y to 50 v. The 
peak-to-peak value of the signal is 60 I/ and the 
average value 100 v. 

Now, pass this signal through an RC network 
and let's see what happens. The condenser, as 
before, charges to the average value of the signal, 
or 100 v. The output signal with the d-c blocked 
still has a peak-to-peak value of 60 v, but now 
varies around an average value of zero volts to 
plus 10 I" and minus 50 v. So what? This doesn't 
look any worse than the sine wave case previously 
given. And it wouldn't be if all the lines were 
exactly the same as this one. Of course they 
aren't for a typical image. 

Suppose we have the extreme case of one line 
of high averace brightness followed by one line 
of low average brightness as shown here: 

110v 

100v_ 

70, 

13ov 
for second line 

overage 

verage 

d .40v_ 

Ov_ 
.5v  

1r- 20v 

50v-- - blanking level 

Fig. 27-15 

As before, the line of high average brightness 
will vary around the average of zero to plus 10 
and minus 50 v. Now, along comes a line of low 
average brightness. This line of picture infor-
mation has a different waveshape and therefore 
has a different average value. As you can see it 
is now 70 IT instead of 100 v. The condenser C 
now charges up to the average value of 70 voksg, 
the new average value. The peak-to-peak value of 
the new line is 25 v, going from plus 75 y to 50 v. 

This same value is passed through the con-
denser but without the d-c average of 70 v. The 
peak-to-peak signal on the output side of the 
condenser is also 25 y but has assumed a zero 
average, the same as the first line. The line of 
low average brightness now varies from zero 
between plus 5 I/ and minus 20 v. But notice 
what has happened to the sync and blanking 
pulses. They are no longer lined up at a common 
level as they were at the transmitter. Think what 
this means in terms of kinescope operation. 
Assuming that the first blanking pulse will drive 
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the kinescope to cutoff (black), it is obvious that 
the second pulse will not. Not only that, but the 
line that should have been quite dark will now be 
almost as bright as the first line. 

What can we do to correct this situation? The 
answer is very simple. Just make the sync and 
blanking pulses line up and everything will be 
cured. Fortunately, the solution is not too difficult. 
A simple method of doing this is to place a diode 
directly across the output circuit as shown here: 

I1011-

100v-

sov--]r 

Fig. 27-16 

Diode Restorer. — The function of the diode 
is to prevent the condenser from charging to the 
average value of signal, since this is what 
started all the trouble. You will note that the 
cathode of the diode is connected to one side of 
the condenser, while the plate of the diode is 
grounded. This means that whenever the cathode 
goes more negative than the plate the diode con-
ducts and charges the condenser to the peak 
value of the signal. The peak value is a function 
of the sync and blanking pulse level. Therefore, 
the condenser is always charged to a voltage pro-
portional to sync pulses rather than to some 
average value. 

This peak charging action of the diode causes 
all of the sync and blanking pulses to line up at 
a common level and thus has the effect of "re-
storing" the d-c component. Any d-c restoring 
must necessarily be done in the grid circuit of 
the kinescope when direct coupling is not used, 
to prevent the d-c level from being lost in a 
following condenser. The d-c restorer circuit we 
have discussed here is not an actual one from a 
receiver but is merely a simplified example. 

SYNC SEPARATING CIRCUITS 

27-8. Before the horizontal and vertical syn-
chronizing pulses can be used in the receiver, 
they must first be separated from the composite 
video signal. In addition, it is desirable toremove 
the noise riding on these pulses, since noise 
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voltage may tend to throw the receiver out of 
sync. A complete block diagram of a typical sync 
separating and noise limiting circuit is given 
here. This circuit arrangement may be different 
in other receivers. 

from video 
detector 

1st video 
amplifier 

  to 2nd low 
video amp. 

.4mar 

1/2-6SN7 yI/2-6AL5 

action is effective in reducing the noise on the 
sync pulses, and in providing sync pulses of 
constant amplitude. A cathode follower circuit 
is useful here because it does not invert the 
polarity of the sync pulses, which must be 

1/2-6SN7 

Fig. 27-17 

The output of the first video amplifier, with 
positive sync polarity, is tapped off and fed into 
the stage labeled "first sync separator". This is 
a triode OA of a 6SN7) operating with a plate 
voltage of 81 I/ and a fixed bias of about 10 v. 
These conditions place the tube considerably 
below cut-off in the absence of grid signal. The 
circuit is designed to remove most of the video 
signal. 

This effectively eliminates practically every-
thing but the sync pulses in the output of this 
stage, as can be seen from the waveforms in 
Fig. 27-17. The sync limiter stage which follows 
acts to compress the grid signal of the next 
stage to a predetermined value. This permits any 
remaining video signal to be removed by plate 
current saturation, while amplifying only the 
sync pulses. The shape and polarity of the sync 
signal are not affected by this limiter. After the 
sync limiter, the sync pulses are fed into the 
sync amplifier. This is a fairly conventional 
triode amplifier, which increases the sync am-
plitude from about 20 y to about 110 v output. Of 
course, the polarity is reversed due to the tube 
action, and the sync polarity is now positive. 
This high amplitude sync signal is next fed into 
the second sync separator. This is a cathode 
follower stage which clips the amplitude of the 
sync pulses from 110 I/ down to about 11 v. This 
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positive at the output. Also, the cathode follower 
stage is better able to maintain the square shape 
of the pulses, compared to a conventional am-
plifier circuit. The output of the second sync 
separator feeds both the vertical and horizontal 
sweep circuits. 

VERTICAL SWEEP CIRCUITS 

27-9. The sync signal output from the second 
sync separator is fed to several circuits. One of 
these is the vertical sweep channel. This in-
cludes the integrator network, vertical sweep 
oscillator and discharge tube, vertical sweep 
output tube and transformer, and the vertical de-
flection yoke coils. A complete block diagram 
is shown in Fig. 27-18. 

Integrator. — The first circuit of the vertical 
channel the pulses are fed into, is the integrator 
network. All of the pulses — horizontal, vertical 
and equalizing — are fed into the integrator. 
However, the R-C integrator network is designed 
to react specifically to the 6 vertical serrated 
pulses in each field. These are the only ones 
shown in the block diagram of Fig. 27-18. Each 
group of 6 vertical serrated pulses in the in-
tegrator forms one composite pulse. Thus, there 
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Fig. 27-18 

are 60 of these composite vertical pulses formed 
each second. These constitute the actual vertical 
oscillator synchronizing pulses. The horizontal 
synchronizing pulses do not affect the integrator 
circuit to any practical degree and so do not 
affect the synchronization of the vertical sweep 
circuits. 

Vertical Oscillator. — The next tube is a dual 
purpose type in many receivers, serving both asa 
blocking oscillator and a discharge tube. In its 
function as a blocking oscillator, it produces os-
cillating waveforms as shown in Fig. 27-19. This 
is a "free-running" oscillator. In the absenceof 
sync signals it continues to function and provide 
a scanning raster on the kinescope face with the 
horizontal sweep. This is important to prevent 
"spot-burning" of the face of the kinescope when 
there is no signal. 

Fig. 27-19 

Hold Control. — The frequency of the vertical 
oscillator may be adjusted above and below 60 
cps by means of the vertical hold control. This 
control provides a means for the viewer to adjust 
the vertical oscillator frequency to lock in with 
the vertical synchronizing pulses. Usually, the 
free-running frequency is adjusted to be slightly 

vertical 

deflection 

coils 

vertical 

linearity 

lower than 60 cps, since it will lock in best with 
the vertical sync pulses under this condition. The 
exact manner in which this is accomplished will 
be described in detail in a later lesson. 

The same tube used as a blocking oscillator 
also functions as a discharge tube. It causes a 
condenser to be discharged, once each cycle, the 
condenser thereafter recharging through the power 
supply for the remainder of the cycle. This, of 
course, is repeated 60 times per second. The 
action of discharging and charging the condenser 
in series with resistance results in the formation 
of the trapezoidal waveshape, shown in the block 
diagram in Fig. 4-18. This waveshape is needed 
to cause a sawtooth current to flow through the 
vertical deflecting coils. 

Height Control. — A height controlis included 
in the charging circuit of the sweep generator. This 
control changes the time constant of the condenser 
charging circuit and, therefore, the amplitude of 
the sawtooth portion of the trapezoidal wave. 
This, in turn, changes the vertical height of the 
picture on the kinescope. The trapezoidal wave 
is fed into the grid of the 6K6-GT vertical sweep 
output tube which provides the actual current 
through the vertical deflection coils to produce 
the vertical sweep of the kinescope electron 
beam. 

Linearity Control. — A vertical linearity con-
trol is connected into the cathode circuit of the 
vertical sweep output tube to vary the bias. This 
provides a means of controlling the linearity of 
the picture, in the vertical direction, by shifting 
the operating point of the vertical output tube up 
or down its characteristic curve. 
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HORIZONTAL DEFLECTION CIRCUITS 

27-10. Now that we have looked at the vertical 

deflection circuits, the next logical step is to go 
through the horizontal deflection circuits. These 
are more complicated because the horizontal 
system includes additional features, such as 
automatic frequency control and the high voltage 
transformer. Of course, we are not able to go into 
any great detail at this time, but will simply 
explain enough so that you can get a general idea 
of the functioning of these circuits. A detailed 
block diagram of the horizontal circuits is given 
here: 
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As was the case in the vertical sweep circuits, 
we again start with the second sync separator. 
Positive sync pulses are fed into the horizontal 
sweep oscillator control tube, which provides an 
automatic frequency control voltage for the hori-
zontal sweep circuits. Other signals are also fed 
into the control tube. These include a high-voltage 
negative pulse from the secondary of the hori-
zontal output transformer and a sawtooth wave 
from the output of the horizontal sweep oscillator. 
All three of these pulses are combined at the 
grid of the control tube. 

The phase and amplitude of the three pulses 
causes a certain amount of plate current to flow 

in the control tube. This plate current in turn 
produces a cathode voltage which is coupled to 
the grid of the horizontal sweep oscillator tube. 
The magnitude of the cathode voltage is always 
such that it causes the horizontal sweep oscillator 
to be synchronized in step with the horizontal 
sync pulses. Thus, a means of obtaining auto-
matic frequency control of horizontal sweep is 
obtained. This AFC has two main advantages. It 
greatly improves the immunity of the horizontal 
sweep circuits from noise pulses and other inter-
ference. Also, it relieves the viewer of the 
necessity of adjusting the horizontal hold control 
when changing stations. 

5200v 

6BG6 -G 

hor. sweep 
output 

hor. drive 
control 

183-GT 

I 
voltage 
rectifi , er 

r_ hi:: 
\  

flor. 
linearity 
control 

flor output 
Irons. 

damper 
tupe 

5V4 - G 

flordeflection 

coils 

Horizontal Controls. — Two controls are as-
sociated with the horizontal AFC circuit. These 
are the horizontal locking range and the horizon-
tal hold controls. The locking range control is 
located at the rear of the chassis and is a screw 
driver adjustment. The horizontal hold control is 
a front panel adjustment, provided for the viewer's 
use in making occasional adjustments for holding 
the horizontal synchronization. More details on 
these circuits will be given in later lessons. 

Horizontal Sweep Oscillator. — The horizontal 
sweep oscillator proper, is a blocking oscillator 
type of circuit, similar in principle to the vertical 
oscillator. Its output circuit produces a sawtooth 
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waveform which is fed into the horizontal sweep 
output tube, a 6BG6-G. 

Horizontal Output Circuit. — A "horizontal 
drive" control is connected in the input circuit 
of the horizontal output tube. This control regu-
lates the amplitude of input signal and causes 
variations in horizontal width and linearity of 
the kinescope picture. The output tube provides 
the energy for horizontal scanning and for the 
high voltage power supply. The high voltage is 
obtained from positive pulses ( 15,750 per second) 
formed during the horizontal retrace time. A 
special horizontal output transformer is utilized. 
By means of several windings, the output trans-
former, provides high voltage for the kinescope 
which is rectified by a type 1B3-GT high voltage 
rectifier, filament power for the 1B3-GT and the 
energy to operate the horizontal deflection coils. 
A special system of horizontal deflection is used 
which permits considerable energy saving. The 
5V4-G damper tube is a part of this special 
system and its operation will be described in a 
later lesson. The horizontal output circuit in-
cludes rear chassis controls for adjusting the 
horizontal linearity and width of the kinescope 
picture. 

POWER SUPPLIES 

27-M Two power supplies are used in tele-
vision receivers. One is the low-voltage power 
supply, which supplies voltages ranging in some 
sets from plus 215 y to minus 120 y for all tubes, 
and furnishes energy for all filaments except the 
high-voltage rectifier. The other power supply is 
the "high-voltage" supply, which furnishes only 
the high accelerating voltage for the kinescope. 

Low Voltage Supply. — The low voltage power 
supply is the conventional full wave type using 
one or two 5U4G rectifier tubes. Very extensive 
filtering is employed since it is necessary to keep 
all traces of hum effects out of the picture. It is 
interesting to note that the focus coil in some 
receivers obtains its energy by acting as a second 
filter choke for the low-voltage power supply. 
The focus control is simply a variable resistance 
shunted across the focus coil, regulating the 
current through this coil. A rather elaborate 
bleeder is used in most receivers to supply vol-
tages such as plus 215 v, 135 v, and 88 v, as 
well as minus 60 y and 120 v. 

27-21 

Bias Voltages. — The negative voltages are 
obtained simply by grounding the bleeder near its 
center rather than at one end. This method of 
obtaining a negative voltage to ground has been 
explained in earlier lessons. The negative vol-
tages are used directly in some circuits, and 
supply bias for some tubes by means of further 
voltage dividing networks. A simple example of 
this is the method of obtaining a fixed bias for 
the grid of the sync amplifier stage. A diagram of 
this is shown here: 

Pig. 27-21 

In this circuit we have a voltage divider with 
a total resistance of 11 megohms. The grid is 
tapped at 1 megohm, meaning that 1/11th of 60 
volts or about minus 5.9 y is the bias for this 
stage. Similar schemes are used to provide dif-
ferent biases for other tubes. 

High Voltage Supply. — The high-voltage power 
supply is rather unique in that it utilizes energy 
normally lost in the receiver to furnish the kine-
scope high voltage. This power supply is known 
commonly as the "kick-back" or "fly-back" type. 
The names originate from the fact that the power 
supply energy is derived during the time that the 
scanning electron beam retraces from right to left. 
As will be described in more detail in a later 
lesson, a positive pulse of high voltage is formed 
in the horizontal output transformer each time 
the beam retraces. This means the 15,750 pulses 
are produced each second. These are fed into 
the plate of a high voltage rectifier, and filament 
power for the tube is also obtained from a winding 
on the horizontal output transformer. The rectified 
high voltage is passed through a very simple R-C 
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filter and then is applied to the kinescope anode. 
Very little filtering is required, due to the high 
ripply frequency and the very low drain on the 
supply. This type of power supply has the ad-
vantage that it can supply very little current and 
is therefore safer than the conventional type. 
However, don't try to make comparisons with your 
finger tips. It could be unhealthy. 

Name of 
Control Circuit 

RECEIVER CONTROLS 

4-12. Throughout this lesson we have men-
tioned various controls. Because it might be a 
little hard for you to keep all of these straight, a 
table has been prepared, based on a common type 
of receiver, showing all the controls, and their 
function. This table follows: 

RECEIVER CONTROLS 

F unction 

Fine Tuning Oscillator Plate Circuit 

Sound Volume 

Picture Contrast 

Grid of 1st Audio Amp. 

Cathode of 2nd Video Amp. 

AGC Threshold Grid of AGC Amp. 

Vertical Hold Grid of Vertical Sweep Oscil-
lator 

Height Vertical Sawtooth Condenser 
Circuit 

Vertical Linearity Cathode of Vertical Sweep 
Output Tube 

Horizontal Lock- Grid of Horizontal Sweep Os-
ing Range dilator Control Tube 

Horizontal Hold Plate of Horizontal Sweep Os-
cillator Control Tube 

Horizontal Drive 

Horizontal Line-
arity 

Width 

Focus 

Grid of Horizontal Sweep Out-
put Tube 

Plate Circuit of Horizontal 
Sweep Output Tube 

Secondary of Horizontal Out-
put Transformer 

Across the focus Coil 

Fine adjustment of oscillator frequency. 

To regulate volume of sound 

To regulate relative values of black and 
white in picture 

To set operating range of AGC properly 
for strong and weak signals 

To set frequency of vertical oscillator 
so it will synchronize with vertical sync 
pulses 

To adjust vertical size of picture on 
kinescope 

To provide linearity of kinescope pic-
ture in vertical direction 

Set frequency range in which horizontal 
AFC circuit will operate correctly 

Fine control of horizontal sweep fre-
quency to permit locking in of horizon-
tal AFC 

Adjusts amplitude of grid signal. Af-
fects width and linearity of picture. 

Adjusts linearity of picture in horizon-
tal direction 

Adjusts size of picture in horizontal 
direction. 

Focuses picture 
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INTRODUCTION 

Lesson 17, 18, 19,20 and 26 explained 
a good deal about such components as re-
sistors, capacitors, coils, and vacuum 
tubes, in discussing fundamental d-c and 
a-c electrical theory. Now it's time to con-
sider standard manufactured components 
like these, how their electrical and physi-
cal properties relate, and how they oper-
ate together in a television set. Just as 
important, we need to know how and why 
rarious components fail in service, and 
how to detect which one has failed. 

It is assumed that a lot of the informa-
tion in the lessons mentioned has stuck 
with you, because it will be very useful 
to you in absorbing the material in this 
lesson. If you find th.at some of it didn't 
stick, it will help to go back and review 
the material in these earlier lessons that 
applies to the section you're studying. 

THE CHASS IS 

2 8-1. The chassis is the metal base 
on which the tubes and other components 
are mounted mechanically. It also serves 
certain electrical purposes that should 
not be forgotten, as they can affect serv-
icing problems in many cases. There may 
be several chassis in a single elaborate 
combination set. There may also. be a 
separate, removable sub-chassis attached 
as a part of the main chassis, such as the 
r-f unit in most receivers. 

A standard television receiver chassis 
is the structural framework on which the 
various components of the electrical cir-
cuit are mounted. It holds the whole works 
together in the desired physical relation-
ship, so that the circuit will continue to 
operate electrically as it was designed to 
do. In addition, the chassis usually serves 

as a common electrical "ground" connect-
tion for various parts of the receiver cir-
cuit. This point is easy to forget, but, an 
incorrect application can cause a lot of 
trouble in high frequency circuits. 

The design of receivers changes some-
what from model to model, but whatever 
the changes, there still has to be a chas-
sis to support the parts. Also, circuit 
changes are often only a matter of altering 
the va lues of a few components, or chang-
ing a tube type. This frequently makes it 
possible to use the same chassis design 
for several successive models of a par-
ticular set. 

Classes of Components. — The princi-
pal kinds of components in television sets 
are, as in other radio-electronic appara-
tus, vacuum tubes, resistors, capacitors 
(condensers), and inductors (coils, chokes, 
transformers). Each of these is made in a 
number of different types, some adapted 
to a large variety of circuit uses, some 
designed to do one job particularly well. 
Many of the components used in television 
sets are just the same as those used in 
ordinary radios; others are made with 
special performance characteristics to 
suit television circuit requirements. As 
with almost everything else in the elec-
tronic field there has been and continues 
to be considerable progress in the design 
and manufacture of components of all sorts. 
This often makes better circuit performance 
possible, but also may add to the techni-
cian's difficulties in recognizing the 
class and electrical value of a component 
at sight. Capacitors that look like re-
sistors, even to the color banding, are 
only one recent example of this sort of 
thing. 

Layout of Components. — In general, 
the television receiver chassis has to be 
a compromise that will fulfill certain me-
chanical and electrical requirements, yet 
be economical to make and fairly easy to 
service. It will simplify discussion if we 
select one particular chassis, say the 
RCA 9T240, as an example to illustrate 
the layout of receiver sections and parts. 
Fig.28-1 shows both topand bottom views 
of this chassis. 
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The general layout is apparent from the 
figure. In this chassis, the kinescope is 
secured to the chassis by a strap at the rim, 
and by the deflection yoke at the juncture 
of the neck and bulb.This permits putting 
the chassis and kine together into almost 
any position convenient for service work. 
However, in some sets, the size of the 
kinescope or other considerations make it 
impractical to mount the kine on the chas-
sis in this way. 

The layout of the various stages of 
the receiver circuit is arranged to bring 
the shafts of the operating controls out 
the front of the set, for obvious reasons. 
Also, the sections are laid out so that the 
signal follows a progressive path, without 
much doubling back, which could lead to 
feedback and oscillation troubles. The 
signal enters the r-f unit, which is con-
structed on a small subchassis for con-
venience in manufacturing and servicing. 
This r-f unit subchassis is mechanically 
attached to the corner of the main chassis 
at the right of the kinescope, and the sig-
nal upon leaving it passes directly into 
the picture and sound i-f amplifiers. These 
sections are located on the main chassis 
near the r-f unit, so that leads can be kept 
short and direct, which is very important 
in high frequency circuits. The result of 
this arrangement is that just about all the 
stages of the receiver carrying really high 
frequency signals are grouped compactly 
on the right side of the chassis. 

Correspondingly, the synchronizing and 
deflecting circuits, and the high voltage 
power supply are all located on the left 
side of the chassis, in such a way that 
the leads between stages and sections can 
also be kept fairly short and direct. This 
general layout scheme of separating the 
signal selecting and amplifying circuits 
from the sync and deflection circuits is 
followed in aim ost all television receivers. 
This aids in preventing harmonics of the 
deflection signals from getting into the 
signa 1 circuits. Also, the progressive rout-
ing of the r-f and i-f signal path makes it 
possible to keep leads between stages 
and sections short and direct, and also to 
keep the output of a given stage or section 
fairly well isolated from the input, to pre-
vent unwanted feedback. 

Another common practice in layout is 
keeping the power transfer well separated 
from the kinescope and the high voltage 
circuit. If this is not done, the external 
60-cycle magnetic field from the power 
transformer may affect the picture by act-
ing directly on the electron beam in the 
kinescope. 

The top view of the chassis shows the 
larger components, such as transformers, 
tubes, and the larger capacitors. Almost 
all the circuit wiring is kept below the 
chassis for a number of reasons, such as 
mechanical protection, short leads, and 
ease of servicing. The specific layout of 
the major components can readily be seen 
in Fig. 28-2. 

The general layout of the smaller com-
ponents can be seen in Fig. 28-16, which 
shows the under side of the chassis, while 
details of the wiring show up better in 
Fig. 28-3: 

The wiring under the chassis follows 
a definite color coding, which unfortunately 
cannot be seen very well in a black-and-
white illustration. This code is given in 
Table B on page 28-13. Many service 
instructions incrude a chassis wiring 
diagram of the sort shown in Fig. 28-4, 
which shows the color coding, and also 
the circuit connections. 

The various layout and wiring illustra-
tions already discussed, and the schematic 
diagram in Fig . 28-14 make it possible to 
locate and identify any part or connection 
quickly, even in an unfamiliar set, and of 
course they are useful as refreshers to 
your memory after you've become familiar 
with a particular chassis. 

Lead Dress. — In standard radio broad-
cast receivers the signal frequencies are 
rather low, and the physical layout of leads 
carrying signal frequencies is not often 
critical. This is unfortunately not true at 
the signal frequencies involved in tele-
vision receivers. In such sets, the physical 
layout of connecting leads carrying signals 
is likely to be very important. Altering the 
dress of leads (moving them from the fac-
tory-set position) may seriously affect 
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Fig. 3-2 

Fig. 28-3 
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the operation of the set. In particular, mov-
ing leads closer together or farther apart, 
or toward or away from the chassis, is 
likely to change the in or frequency re-
sponse of a stage or section. This is es-
pecially important to remember when re-
placing a component, for then leads have 
to be unsoldered, and it is easy to acci-
dentally replace it in a new physical posi-
tion. Reference to the data on lead dress 
in the service data will help to avoid trouble 
from this source. 

VACUUM TUBES 

28-2. One of the most important classes 
of component in a television set is the 
vacuum tube. In each stage of the receiver, 
a tube is the hub, or center of importance, 
and most of the other components are simply 
used to aid the tube in doing its particular 
job. Unfortunately, tubes cannot yet be 
built economically to run for a hundred 
years without attention, like the wonderful 
one-hoss shay in the poem. Theydo have 
a reasonable service life, if not worked 
at the limit of their ratings or beyond, 
but still remain a common source of trouble 
The most important tube in the receiver, 
if any one can be called most important, 
is the kinescope. After all, the real thing 
the customer buys is mostly the pictures 
he sees on the kinescope screen, and most 
of the rest of the parts of a television re-
ceiver are included only to put the right 
electrical impulses into the kinescope to 
produce a picture. 

C lasses of T ubes. — The number of dif-
ferent types of vacuum tubes used in tele-
vision receivers alone is rather large, and 
as the art progresses, new types are being 
developed. For this and other reasons it 
is desirable to think of tubes in classes, 
basing our classification on some logical 
characteristics of the tubes themselves. 
We can, for instance, divide them accord-
ing to the number of elements (electrodes) 
that have a direct part in their action. 
Thus we have diodes (two elements), 
triodes, (three elements), tetrodes (four 
elements) and pentodes (five elements), 
as well as some s recial purpose tubes 
that have more than five elements. This 

is helpful, but does not tell the whole 
story by a long shot, for there are wide 
differences in the performance of tubes 
within each of these groups. One of the 
most important differences between dif-
ferent tube types within the same class is 
their capacity for handling power. For in-
stance, there are triodes that would be 
overloaded by a three-volt signal applied 
to the grid, and other triodes that do not 
overload with a 45-volt signal on the grid. 
It is very useful to keep both these ways 
of classifying tubes in mind as a sort of 
mental cross-reference system. In fact, a 
little space devoted here to just how tubes 
differ in their power-handling capacity 
may help to avoid confusion later on. 

One of the most common uses for a 
vacuum tube is to amplify a relatively 
weak alternating voltage applied to its 
grid, so that an exactly similar but many 
times larger voltage can be taken out of 
its plate circuit. This function is called 
voltage amplification, and a good many 
of the tubes in a television set are used 
solely for this purpose. As an example, 
the r-f amplifier tube is used to amplify 
the very weak r-f voltage induced in the 
antenna by the radio wave from the desired 
station. The output voltage from the plate 
circuit of the tube is several times larger 
(from 5 to 20 or more, depending on tube 
type and circuit design) than the signal 
applied to the grid, but is exactly the 
same otherwise. The actual voltage of the 
desired signal applied to the grid may be 
no more than a hundred millionths of a volt 
or so in weak signal areas. 

Even in the strongest signal areas, 
near the transmitting antenna in large 
cities, the actual voltage of the signal 
reaching the r-f amplifier tube grid may be 
no more than a quarter or half a volt. Yet, 
this may be enough to overload the tube. 
And when this happens,the tube no longer 
operates like a linear amplifieras we want 
it to, but begins to behave like a rectifier. 
This is the reason it is sometimes neces-
sary to use a network of resistors to re-
duce the signal voltages at the input of 
the receiver in somestrong signal locations. 

Efforts have been made to reduce the 
the number of tubes you have to deal with 
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to a minimum number of preferred types. A 
list of preferred tube types can be obtained 

from your supplier; such a list is useful in 
planning your stock of spares. 

The Kinescope. — The tube designa-
tion, 10BP4—A, gives some specific in-
formation about the tube. We know that it 
is a kinescope because of the letter P in 
the tube designation. The first number, 10, 
indicates that the tube face is approxi-
mately 10 inches in diameter; while the 
last number, 4, or we should say P4, in-
dicates the type of fluorescent screen. P4 
designates a " white fluorescent screen 
having a medium persistence. and highef-
ficiency", which is the normal type for 
use in television receivers to give a black 
and white picture. Other types of screens 
are used for cathode ray tubes in oscillo-
scopes, radar, and other special uses. The 
letter B shows that the 10BP4-A was the 
second ten-inch tube with a P4 screen to 
be developed.The A indicates an improve-
ment in design which does not prevent it 
from being substituted for the original 
10BP4. 

Figure 28-5 shows the arrangement and 
numbers of the pins of the lOtiP4-A kine-
scope with their connections to the internal 
elements. 

108P4 -A 

KINESCOPE 

G2 

Safety in handling the Kinescope. — By 
this time you have learned to handle the 
kinescope with respect. But it takes only 
one slip to have an accident. Remember 
that the weakest part of the kinescope is 
the rim of the viewing surface. It must not 

be struck, scratched or subjected to more 
than moderate pressure at any time. In 
installation, if the tube sticks or fails to 

slip smoothly into the deflecting yoke, 
focus coil or socket, better check the 
cause of the trouble. Never force the tube. 

In handling the kinescope keep in mind 

the danger of high voltage. When the power 
is on, it is possible that high voltages 

may appear at normally low-voltage points 
in the circuit due to capacitor breakdown 
or to incorrect circuit connections. Before 
touching any part of the circuit, be sure to 
turn off the power switch and to ground the 
terminals of any charged capacitor. Re-
member, too, that the conductive outer 
coating on the glass kinescope together 
with the Aquadag coating on the inner sur-
face constitutes a condenser . This could 
hold a charge for some time, so be sure to 
discharge it by shorting the high-voltage 
terminal of the kinescope to the outer 
coating before handling a kinescope that 
that has been in use. 

Types of Tubes. — Now let's consider 
the twelve types of tubes used in the 91240 
chassis. The charts showing the schematic 
of the elements and their connection to 
the pins are given in any receiving tube 
manual. 

The numbers and letters designating 
the tube give some information about the 
particular tube. The G or GT tacked on to 
the tube designation indicates a glass 
tube, G for the sloping-side bulb type and 
GT for the tubular glass type. These glass 
type designations are added to distinguish 
the tubes from similar tubes with metal 
envelopes, both using the octal (8 pin) 
base. 

The first number of the tube designation 
indicates the approximate filament voltage. 
The last number indicates the number of 
useful elements brought out to terminals. 
Originally, letters at the beginning of the 
alphabet were to indicate tubes used as 
amplifiers, oscillators or detectors; letters 
at the end of the alphabet were to indicate 
rectifiers.But so many types began to ap-
pear that there just weren't enough letters 
in the alphabet to prevent the two major 
classes overlapping. 

Tube Base Pins.— The method of num-
bering the pins is indicated in the tube 
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diagrams shown a lietle later in Fig. 28-6. 
The diagrams represent the bottom of the 
tube base. .Starting at a definite keying 
point (the key of an octal tube, the wider 
space between pins in miniature tubes, 
etc.) the pins are numbered clockwise. 
From the top of the chassis, looking down 
on the socket, the pin positions are de-
termined by numbering counterclockwise. 

In some tube bases there are pins that 
are not connected to any internal element . 
In others,pins not needed are omitted from 
the tube base. In that case, the pins are 
numbered in accordance with their posi-
tions as if all the pins had been included. 

T ypical T ubes for TV Receiver Sections. 
Table A lists the various tubes used in 
the 9T240 receiver and their functions. 
Notice that some tubes are used to per-
form different functions,while others have 
a particular or special use. The twelve 
types of tubes are used as follows: 

Quantity 
Used 

6 

1 

TABLE A 

Tube 

2 6AU6 

2 

1 

2 

4 

1 
1 
1 
1 

F unctions 

6AG5 R-f amplifier; converter; 
1st, 2nd, 3rd, and 4th pic-
ture i-f amplifier. 

6J6 R.--f oscillator. 

1st and 2nd sound i-f am-
plifier. 

6AL5 Sound discriminator; picture 
second detector and sync 
limiter. 

6AV6 1st audio amplifier and bias 
clamp. 

Audio output; vertical 
sweep output. 

1st and 2nd video amplifier. 

AGC amplifier and vertical 
sweep oscillator; AGC recti-
fier and 1st sync separator; 
sync amplifier and second 
sync separator; horizontal 
sweep oscillator and control. 

6BG6—G Horizontal sweep output. 

6K6—GT 

12AU7 

6SN7-GT 

5V4—G 

1B3—GT 

5U4—G 

Damper. 

High Voltage rectifier. 

Power supply rectifier. 

One feature of the 6AG5 which makes 

it particularly adapted for use in r-f ampli 

fier, converter and picture i-f amplifier 
circuits is the fact that it has two cathode 
leads - pins 2 and 7. This makes it pos-
sible to isolate the input and output cir-
cuits, thus helping to minimize interaction 
between those circuits. The tube is a 
sharp-cutoff pentode. In later receivers 
the 6AG5 has been replaced in the first 
and third i-f stages by the 613A6, which 
is a remote-cutoff pentode. A remote-
cutoff pentode permits a greater bias volt-
age to be applied to the control grid . This 
is desirable to allow a greater range of 
AGC bias voltage in the i-f stages. In-
creased receiver sensitivity has made this 
change particularly desirable to prevent 
overloading in strong signal areas. 

While the 6AG5 and the 6BA6 are 
similar in many respects, don't make the 
mistake of substituting one for the other. 
There are two important differences in the 
pin connections, as shown in Fig. 28-6. In 
the 6BA6 the cathode is connected only to 
pin 7, while the suppressor grid, G3, is 
not connected internally to the cathode 
but is brought out to pin 2. Besides the 
difference in pin connections, there is a 
difference in characteristics which makes 
the two types non-interchangeable. 

6AG5 

SHARP-CUTOFF 

6BA6 

REMOTE- CUTOFF 

Fig. 28-6 

The medium-mu twin triode, 6J6, is 
particularly suited for use in a push-pull 
oscillator circuit. It is used as the r-f 
oscillator or the oscillator- mixer in many 
different models of television receivers. 

The sharp-cutoff pentode, 6AU6, used 

in the sound i-f stages, not only is a good 
high frequency amplifier tube, but also 
serves well as a limiter in FM circuits. 
This tube is used as an i-f amplifier, and 
also, because of its sharp-cutoff charac-
teristics and comparatively low inter-
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electrode capacity, it is sometimes used 
as a video amplifier. 

To perform the function of the sound 
discriminator, a duo-diode type tube is 
needed. The 6AL5 serves this purpose. 
Since each diode can be used independently 
of the other, this tube can also perform 
the double function of picture second de-
tector and sync limiter. 

A power output tube is necessary for 
such stages as audio output, vertical 
sweep output and horizontal sweep output. 
The6K6-GT,which is capable of delivering 
moderate power output with relatively small 
input voltage, is used in the audio output 
and vertical sweep output of a great many 
TV receivers. In the horizontal sweep out-
put stage, however, where high surge volt-
ages occur during short duty cycles, a 
special tube particularly designed for that 
purpose is used.In most current receivers 
this is the 6BG6-G. 

The multiple- unit tubes, 12AU7 and 
6SN7, medium-mu triodes, save space and 
simplify circuit connections by providing 
two tube units in a single envelope. These 
tubes are similar in characteristics except 
for their inter electrode capacitances and 
the heater of the 12AU7 which can be con-
nected for 12.6 volts or 6.3 volts. The 
12AU7, a 9 pin miniature tube, is used in 
the video amplifier stages where low inter-
electrode capacitance is an important 
factor.The 6SN7-Gr is an octal tube used 
in many stages of the sync and sweep cir-
cuits, both vertical and horizontal. 

The full-wave rectifier, 5V4-G, used as 
the damper tube in the horizontal sweep 
output of our specimen receiver, has been 
replaced in later receivers with the 6W4-GT 
especially designed for this purpose. 

High voltage for the kinescope second 
anode is obtained by rectifying the high 
voltage pulses produced in the output of 
the horizontal sweep system. ThelB3-GT 
performs this function particularly well. 
The high voltages at which the 1B3-GT is 
operated are very dangerous.The filament 
circuit operates at d-c potentials that can 
cause fatal shock. Extreme care is neces-
sary to be sure not to come in contact with 
these high voltages. 

Power supply voltage rectification is 
commonly provided by the 5U4-G octal type 
tube. Where only moderate d-c requirements 
are called for, the 5X3-GT tube, or some-
times a selenium rectifier is used in the 
low-voltage power supply. Don't touch the 
power rectifier when it is hot. All power 
handling tubes must be adequate ly venti-
lated. 

Typical Tube Troubles .— A large per-
centage of television service calls are the 
result of tube troubles. This is to be ex-
pected because tubes are subject to fila-
ment burnout, aging with resultant change 
of characteristics, contact corrosion, and 
other troubles. A prompt check of s uspected 
tubes simplifies many service calls, since 
once the defective tube is located it can 
be easily replaced. 

Although burning out of the tube filament 
or heater is the most common tube trouble 
thatis not the only thing that can go wrong 
with the tube. Continuity of the heater 
element can often be checked with an ohm-
meter; but be sure to first look up the pin 
connections for the particular tube, it the 
tube happens to be of a type with which 
y ou are not familiar. F or other tube troubles, 
such as a "weak" tube (low emission), 
shorted or open elements, etc., a tube 
checker is useful. But, even when a tube 
tests correctly in a tube checker it may 
stillnot work right in the receiver. Substi-
tuting a good tube of the proper type in 
place of the suspected one usually saves 
time. 

In many circuits the characteristics of 
the tube are a critical factor in the circuit 
operation. lie tube might have aged just a 
little or some circuit change might make 
just enough difference for the circuit to 
operate improperly. In such a case, sub-
stituting another tube of the same type 
may clear up the trouble. Such problems 

sometimes crop up in the first and third 
picture i-f amplifiers with the sharp-cutoff 
pentode 6AG5, and with the 6BG6-G hori-
zontal sweep output tube, whose charac-

teristics are quite critical for the proper 
operation of the stage. 

The operation of certain stages may be 
socritical, that shields are requiredaround 
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those tubes. This is particularly true of 
the oscillator tube to prevent radiation of 
the local oscillator signal. To a much 
lesser degree failure to replace the shield 

may cause trouble in the r-f amplifier, 
second sound i-f amplifier, and sound 
discriminator stages. Make sure that these 
shields are in place and properly grounded 
to the chassis. Failure to do so may cause 
unstable or noisy operation. 

When a tube fails, the trouble may show 
up as an inability to conduct current, ex-
cessive current drain, noisy or intermittent 
operation, or a blue or reddish- blue glow, 
chiefly between the cathode and the plate, 
indicating gas or air in the tube .( In rare 
cases, the glass itself may have a bluish 
or greenish glow; this is quite all right.) 
Tube difficulties were covered in morede-
tail in Lesson 26. 

Of course, the tube pins must make 
good contact with the socket prongs.W hen: 
ever the receiver operation becomes noisy 
or intermittent, poor tube contact may be 
suspected. Cleaning the prongs and pins 
and making sure there is sufficient ten-
sion in the socket prongs to insure good 
contact, frequently clears the trouble. 
There isn't much clearance between the 
contacts on the miniature tube sockets, 
so care is necessary not to short circuit 
any of them. 

Last, but not least, always make sure 
that the correct tube is in each socket and 
that all tubes are seated firmly in their 
sockets . 

' Interchangeability of Tubes .— In serv-
icing a defective receiver and in check-
ing tubes the technician must have with 
him a stock of replacement tubes. In gen-
eral it is best to replace a tube with a 
good tube of the same type. However, 
there are a few tubes whose character-
istics are so similar that they can be in-
terchanged. This may be necessary in an 
emergency or for a temporary repair. But, 
in making such a substitution, extreme 
care is necessary to check not only the 
similarity of tube characteristics, but also 
the pin connections, to be sure that the 
tube can operate properly in the circuit. 
Substitutions which have worked out well 

in the field were tabulated in Lesson 26. 

Tube Sockets and W iring. — If the tubes 
are to operate properly the tube sockets 
must have such desirable electrical char-
acteristics as low capacitance (particularly 
for the r-f unit), high lea kage resistance, 
low contact resistance, high rated work-
ing voltage, and ability to withstand high 
humidity. The required mechanical char-
acteristics are ease of inserting and re-
moving tubes, mechanical strength, and 
ease of mounting and wiring. 

In r-f and high impedance circuits where 
humidity can affect circuit operation, it is 
necessary to use materials such as a 
ceramic, low-loss bakelite, or polystyrene 
that will maintain low leakage losses 
under adverse conditions. Most of the 
sockets in the 9T240 receiver are made 
of low-loss bakelite. The sockets on the 
r-f sub-panel are of polystrene, as is that 
of the 12AU7 video amplifier. The 1B3GT 
high voltage rectifier uses a ceramic type 
socket. Several receiver chassis use a 
shock-mounted ceramic socket for the 
6SN7GT horizontal oscillator tube. 

T ube sockets cause very little service 
trouble. However, frequent tube insertion 
or wiggling of the tube in its socket can 
cause a loose contact, or, in rare cases, 
a short between contacts. Make sure that 
all tubes are in place and that they are 
firmly seated in their sockets. 

The use of color coded wiring to con-
nect to the tube contacts simplifies as-
sembly wiring and inspection and makes 
your servicing job easier. We have already 
mentioned the standard wire color code, 
shown in Table 13. For the proper identifi-
cation of wiring that has two colors, it is 
best to check the chassis wiring diagram 
in your Service Data. 

RESISTORS 

28-3. In order for the tubes and other 
circuit elements to operate properly, the 
correct operating voltages must be supplied 
to the tube elements and other critical 
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TABLE B 

Color Coding for hook-up Wire 

Color Wiring Application 

Black 

Brown 

Red 

Orange 

Yellow 

Green 

Blue 

White 

Ground, grounded elements and returns 

heaters or filaments off ground 

Power supply, highest B plus 

Next highest B plus, usually screen grid 

Cathodes 

Control grids 

Plates 

Above or below ground return (AGC,etc.) 

Special Code for Electrolytic Capacitors having 

leads instead of terminals. 

Orange 

Red 

Blue 

Yellow 

Black 

Highest voltage section 

Next highest voltage section 

Next to lowest voltage section 

Lowest voltage section 

Common negative connection 

points in the circuit. Resistors are used 
to distribute the power voltage, acting as 
voltage dividers, voltage dropping and 
bias resistors. In addition, resistors are 

used in filter circuits, timing circuits, and 
various control circuits to regulate volt-

age or current. 

Types of Resistors. — Resistors may 
be either fixed or variable. They may be 
wire wound or the composition carbon-resin 
type. The principal uses of wire wound 
resistors are as voltage dividers, voltage 
dropping resistors, and bias or filter ap-
plications, where precision values are 
needed or the power requirements are 
greater than 2 watts. Composition carbon-
resin type resistors are generally used 
for practically all low-power applications. 
Variable resistors may be either of a 
composition or wire-wound type, the wire-
wound type being capable of handling more 
power. Examples of various types of re-
sistors are shown in Fig. 28-7. 

In order to give as much information as 
possible in the wiring and schematic dia-
grams, numbers and brief notes are attached 
to the symbols. A numbering system, 
adapted for the radio and television in-
dustry from military practice, is widely 

Fig. 28-7 

10.11.111 

',7teelre 

used. Where a number of resistors are 
mounted as parts of a single unit, the 

separate parts are identified by the letters 
A, B, and C, as for example, the voltage 
divider R193A, R193B and R193C. Where 
it is possible to do so, the values of the 
parts are shown. This is usually done 
on the schematic diagram. For example, 

the numbers 850, 650 and 650 on the sym-
bol for the voltage divider show the re-
sistance values in ohms of the various 
sections; the designation 2.2 meg. for the 

composition carbon type resistor R130 in-
dicates the value in megohms. On a unit 
such as the Brightness Control, terminals 
are identified by number, when there are 
more than two, or where it is necessary to 
distinguish between terminals . Where the 
control is variable, an arrow is frequently 
included to show the direction of rotation 
of the movable arm for a variable resistor, 
this is the direction in which the re-
sistance is increased. 

These designations not only enable 
you to find quickly a particular part in a 
circuit, but give the essential information 
needed for selecting the correct replace-
ment. 

Fixed Resistors - Wire wound. — Since 
the high frequency characteristics of wire-
wouni resistors are relatively poor be-
cause of skin effect, residual inductance, 
and capacitance, such resistors are used 
in television receivers only in circuits 
where high frequency requirements are not 
a factor. (" Skin effect" produces an ap-
parent rise in resistance as the frequency 
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goes up.) A check through the parts list 
for the 9T240 receiver shows only four 
wire-wound resistors. These are: 

Schematic 
Part No. Description 

R187 Resistor— Wire-wound, 3.3 ohms, 
1/3 watt 

R202 Resistor— Wire-wound, 5.1 ohms, 
'A  watt 

R190 Rcsistor — Wire-wound, 390 ohms, 
2 watts 

R193A Voltage divider, comprising 1 sec-
R193B tion of 850 ohms, 12 watts; and 2 
R193C sections of 650 ohms, 6 watts, each 

Inspection of the 9T240 circuit diagram 
shows that R187 and R202 are used as 
filament voltage dropping resistors, while 
R190 is used in the current-regulating 
Focus Control circuit. Obviously, we are 
not concerned about high frequencies in 
these circuits. We are concerned, however, 
with fairly precise resistance values or 
with high power capabilities (wattage), 
both important properties of wire-wound 

resistors. 

Wire-wound resistors are particularly 
of value where high power must be handled . 
This is the case in the voltage divider 
R193A, B and C, where one section is 
designed to dissipate 12 watts and the 
other two sectiens 6 watts each without 
overheating. The heating effect is propor-
tional to the power given by the formula, 
p = 12R.Therefore a resistor carrying high 
current may become quite hot unless some 
means is provided to remove the heat de-
veloped during operation. This heat is dis-
sipated by radiation from the surface of 
the resistor unit. For two units having the 
same resistance value, the one which is 
larger in physical size will dissipate or 
radiate the greater amount of heat so that 

its operating temperature will remain at a 
lower value. The larger size resistor, 
therefore could handle safely higher cur-
rents and would have a higher wattage 
rating. Wire-wound resistors can be op-

erated hotter without permanent or tempo 
rary damage, and therefore, do not need to 
be as large as an equivalent carbon re-
sistor. In addition to the physical size of 
the resistor, ventilation is important in 
preventing overheating. Parts that are re-
quired to dissipate high power must be 

mounted on the chassis in positions where 
they are most easily cooled by the air and 
where they do not heat other components. 

Fixed Resistors - Composition T ype. — 
Composition resistors consist of finely 
divided carbon material mixed with a suit-

able resinous binder, combined in propor-
tionsdesigned togive the resistance value 
desired. The resistance element is en-
closed in a molded case for mechanical 
strength and to protect it from humidity 
or moisture. Composition type resistors 
are subject to some changes in their re-
sistance value due to high temperatures 
and excessive humidity. For this reason 
their resistance tolerances are much greater 
than for wire-wound resistors. Corn position 

type resistors are used for .general pur-
poses, including high-frequency circuits, 
in resistance values ranging from 10 ohms 
to 10 megohms. 

Resistor Failures.— The previous les-
son mentioned the manner in which resistors 
fail, the general rule for the more common 
composition resistors being that the re-
sistance may increase with time and use, 
but rarely decrease. The change may be 
gradual, due to aging, or it may result from 
overheating or actual burnout. Depending 
on conditions, a resistor will give evidence 
of overheating by symptoms ranging from 
slightly blistered paint to blackening and 
bursting of the resistor. 

Since resistor overheating is the result 
of too much current, merely replacing the 
damaged resistor may not correct the trouble. 
It is important to check the circuit to find 
out why the resistor failed, usually the 
result of some shorted component. 

Another trouble is noise, which can 
deve lop in fixed resistors. This may be the 
result of the wire lead becoming loosened 
from the resistor element, or it can de-
velop after overheating or aging when 
microscopic cracks form in the resistor 
element, causing intermittent internal 
contact. Care is necessary in soldering 
resistors; if too much heat is applied to 

the resistor lead in the soldering process, 
the resistance element may be overheated 
to the point where it may permanently 
change in value or become noisy. 
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CONTROLS 

2 8-4. C!ossification. — Most controls 
in radio or television receivers are vari-
able resistors. These are resistors with 
fixed contacts at the ends of the resistor 
element and a variable contact by means 
of which the resistance value is adjusted. 
The resistor element may be either carbon-
composition or wire-wound type. Fre-
quently, two controls are mounted to-
gether.In this case,the shaft which turns 
the variable arm of one control fits inside 
of a hollow shaft which turns the variable 
arm of the other control. Or, if the two 
must turn simultaneously, a single solid 
shaft drives both. In replacing a control 
it is important to note the length of the 
shaft. Because of variations in cabinet 
and chassis in different receiver models, 
some controls are provided with long 
shafts and others with short shafts. The 
proper length shaft, as well as the correct 
resistance value for the control, must be 
used. A discussion of controls and their 

troubles was given in Lesson 26. 

Properties of Variable Resistors. — In 
general, carbon-composition type variable 
resistors are used for high resistance 
and low power requirements, while wire-
wound resistors are used where the power 
requirements are relatively high. For prac-
tical reasons the composition type vari-
able resistors are generally limited in 
resistance to a maximum value of five 
megohms, while the wire-wound type is 
limited to a maximum valu e of about 
10,000 ohms. 

Variable resistors are used for such 
purposes as brightness, contrast, volume 
and tone controls.Seven variable resistor 
controls are used in our typical receiver 
the model 9T240. They are listed in 
Table C. 

CONDENSERS OR CAPACITORS 

28-5. — "Condenser" and " capacitor" 
are two names for the same thing in elec-
tronic applications; but, since the term 
"condenser" has different meanings in 

Table C 

Variable Resistance Controls 

Sc;iena tic 
Part -No. 

R131 

R138 

R191 

R155 

R162 

R158 
R173 

R122 
R205 
S101 

28-15 

Description Value 

Brightness control 

AGC threshold control 

Focus control 

Height control 

50K 

200K 

5,000 

2.5 meg. 

Vertical linearity control 5,000 ohms 

Vertical hold control 
Horizontal hold control 

Picture contrast control 
Sound volume control 
power switch 

1 meg. 
50K 

10K 
1 meg. 

other industrial fields, for example as 
one of the parts of a steam power system, 
capacitor is the preferred term to use in 
the electronic field to define a device 
used to store an electrical charge. Both 
names are used in this course, without 
any shade of difference in meaning. 

Capacitors may be fixed, adjustable, 
or electrolytic. There are many different 
types and sizes in each of these classifi-
cations. Examples of different types of 
capacitors and their symbols as used in 
the 9T240receiver are shown in Fig.28-8. 

Fixed Capacitors. — Present day re-
ceivers use three different types of fixed 
capacitors; Mica, ceramic and molded 
paper. These, together with the color 
codes used to identify their capacitance 
and other desired characteristics were 
shown in the previous lesson. 

M ica dielectric capacitors come in two 
types: those with metal foil conducting 
plates separated by thin strips of mica 
and those with a metal film coated on the 
mica strips. Mica is a natural dielectric 
material, relatively free of impurities, 
which can be readily separated into very 
thin sheets. This property is important 
since capacitance depends upon the area 
of the metallic plates, nature or dielectric 
constant of the insulating material ( mica) 
and its thickness. After metal-coating thin 
mica strips, the strips can be placed to-
gether to form a unit small in size (not 
much bigger than a postage stamp and 1/8 
inch thick) and with very high resistance 
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DESCRIPTION 

Capacitor — Mica, 5 me.J. 

Capacitor — Mica, 560 muf. 

Capacitor — Ceramic, 1 500 mi.. f. 

Capacitor— Tubular, Moulded 
paper, . 047 fd.,400 volts. 

Capacitor — Mica trimmer, com-
prising I section of 10-160 smf. 
and 1 section of 40-370 m 4. 

Capacitor — Electrolytic, com-
prising 2 sections of 40 fit., 
450 volts and 1 section of 10 fd., 
450 volts. 

Tubular, moulded paper, 04 7 mfd. 
1,000 volts. 

SKETCH 

• _4_0 0 0 

O 0 0  

_A O 0 0 

O • 0 0, 

1.500 

111111 
n n 

U LI 

,000 .' oc 
«Ae• reelPes; 

WIRING 
SYMBOL 

H C166 1— 

CVSJA 

SCHEMATIC 
SYMBO1 

_L c.,66 
T 5 

C127 
560 

/500 

± C130 
.0,47 

CI53A 
/0-60 
hor, locking 
ronge 

404„ 

C163 .047 

C1538 
40-370 
bor, drive 
control 

_L•C148 8 -LACI46 

Fig. 28-8 

or low leakage between the plates. 

The coated film type of capacitor, 
called plated mica, is particularly suitable 
for use where variations in temperature 
and humidity are likely to be encountered 
and where close tolerance requirements 
must be met. 

The foil- type fixed mica dielectric ca-
pacitors can be obtained with tolerance 
values of +2, 5, 10 and 20%.The tolerance 
value is indicated in the color code given 
in Fig. 28-9.A variation of ±2% in capaci-
tance value is getting down pretty fine; 
but with the metallic coated film type, 
commercial products are available with a 
tolerance + 1%. In replacing a capacitor it 
is best to stick to the tolerance level 
s pecified. 

Mica dielectric capacitors are used for 
such applications as: coupling capacitors 
isolating d-c potentials (example, the 

plate and grid of successive tubes); in 
AVCcircuits;and as a small fixed capaci-
tor which is part of a tuned circuit. 

Fixed ceram ic dielectric capacitors 
have an interesting application. As a set 
gets warm, temperature changes generally 
cause an increase in both inductance and 
capacitance, changing the frequencies of 
the tuned circuits. This is especially 
serious in the oscillator. Ceramic dielec-
tric capacitors can be made so that the 
the capacitance goes down with rising 
temperature; by using them in oscillator 
circuits (for either all or part of the total 
fixed capacitance), the frequency will re-
main constant regardless of temperature. 

Because of their small size, ceramic 
capacitors are often used to bypass high-
frequency currents. 

Paper die lectric capac itors us ually are 
made up of two thin metallic foils sepa-
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IITIKA COLOR CODE. MANIC CAPACITORS 

COLOR MULTIPLIER COLOR MULTIPLIER 

GRAY .01 BROWN 10 

WHITE RED 100 

!LACE I. ORANGE 1.000 

( a) 

RTMA COLOR CODE. FIXED MICA CAPACITORS 

érrP,CMIS et. * 

___.> >  

TOLERANCE QUALITY 

COLOR TOLERANCE COLOR CLAIM COLOR CLASS 

ZED -,26. SLACK A YELLOW D 

GREEN S.396 BROWN 3 GRAY i e 

SILVER TIN% RED C WHITE I i 

BLACK 6,20% ORANGE D 

( b) 

COLOR DIGITS MULTIPLIER 

GOLD — I 

¡LACE 0 I 

IROWN I 10 

RED 2  100 

ORANGE 3 1.000 

YELLOW 4 10.000 

GREEN 3 

SLUE 6 

VIOLET 7 

GRAY II 

WHITE 2 

Figure 28-9 

rated by severalthicknesses of fine tissue 
paper especially made for this use. A 
simple form of paper capacitor was de-
scribed in Lesson 17. The conducting 
foils and paper dielectric are rolled into a 
compact form, usually c ylindrical, impre g-
nated with a suitable compound, and en-
closed in either a cardboard or sealed 
metal case, or molded into a bakelite 
container. 

While mica and ceramic capacitors are 
usua lly rated at 500 volts, with little need 
for a variety of ratings, paper dielectric 
capacitors are constructed to meet a num-
ber of voltage requirements. The standard 
voltage ratings are: 100, 200, 400, 600, 
1,000 and 1,500 volts The voltageratings 
make quite a difference in the size, for a 
given capacity. 

Since a capacitor must provide a low 
impedance for alternating currents, in 
practically all television applications the 
paper capacitor must be wound so that it 
is non-inductive. This is done by making 
the foil extend slightly beyond the edge 
of the paper (one foil projecting from 
each end) so that the connecting leads 
are soldered to the entire edge of the foil 

COLOR CODES. MOULDED PAPER CAPACITORS 

YS I .... DO •5 I .0 

--"( •.°.:::'..` 

CAPACITY VALUE IN EDEE 

COLOR DIGITS MULTIPLIER 

BLACK 0 I 

BROWN 1 10 

RED 2 100 

ORANGE 3 I 000 

YELLOW 4 10.000 

GREEN 3 

SLUE S 

VIOLET 7 

GRAY I 

WHITE I 

( c) 

TOLERANCE 

COLOR TOLERANCE 

BLACK 
RAND OR 
NONE 

WHITE 
OR 

SILVER 

YELLOW 

OR 

GOLD 

t5'. 

The Voltage Panne ts omen 
in hundreds el value Only 

one band es •QPI611110 lar 
Zahn.. under 1.000 robe. 

Two bond. are •QPIereel 

taltnets mum 1.000 yob. 
Ube dumt column to read 

voltage nala•O• 

not to. just one end. If connections were 
made just to one end, the fact that they 
are wound in a coil would produce some 
inductions. The outer foil furnishes some 
shielding action for the inner foil; there-
fore it is desirable that the outer foil be 
the one that is connected to ground or 
closest to ground potential. The lead con-
necting to the outer foil of a paper capaci-
tor can be identified in the manner shown 

in Figure 28-9c. 

Paper dielectric capacitors find many 
applications where capacitances from 
1,000 gm. fd ro 1.0 ,ufd are required. 

Capacitor Color Code. — T he color code 
given in the Lesson 26 is practical for 
many cases, but it does not tell the whole 
story, and we may as well talk more about 
it here. While a standard color code has 
been adopted for fixed resistors, it has 
not been easy to establish a single stand-
ard color code for fixed capacitors. The 
color code for significant digits (the first 
and second numbers) and the multiplier 
(the number of zeros) follows that for 
resistors. The number indicated is in pqhf 
(micromicrofarads). However, ceramic, 
mica and paper dielectric capacitors are 
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required to meetdifferent types of specifi-
cations that need to be identified. 

Mica capacitor coding must indicate 
one of four tolerance levels, as shown in 
Figure 28-9 b, and also the quality of the 
mica used (seven classes in all).Moreover, 
since mica capacitors may be built in ac-
cordance with either of two separate sets 
of specifications, RTMA standard (Radio-
Television Manufacturers Association) or 
JAN standard ( joint Army Navy), this, 
too, must be indicated as shown. 

Ceramic capacitors have two additional 
tolerance levels that need to be indicated, 
and in addition must show temperature co-
efficient. Since these capacitors may be 
made with very low ca pacitance, fractional 
multipliers are needed. The color code 
and arrangement is shown in Fig. 28-9a. 

Mica and ceramic capacitors are rated 
at 500 volts, so no separate voltage rating 
,is normally required, but paper dielectric 
capacitors are constructed for such wide 
voltage ranges that the additional marking 
is needed, as indicated in Fig. 28-9c. 

Eventually a standard color code for 
all types of capacitors may be set up; but 
until that time, just be careful to identify 
the type of capacitor before attempting to 
read the capacitance or other values from 
the color code. 

For large capacitors, and even some 
small ones, it is possible to stamp the 
capacitance and some additional data right 
on the outside surface. That is a pretty 
good idea, and might work out to be the 
best system after all. However, you'll just 
have to take capacitors as they come, and 
learn to identify each type. 

Adjustable Capacitors or Trimmers.— 
Adjustable capacitors or trimmers used in 
television receivers may be of the mica 
compression, miniature air or ceramic type. 
The ceramic dielectric type gives a high 
order of frequency stability, since it can 
be designed to compensate for changes in 
other circuit components caused by tem-
perature variations. This makes it particu-
larly useful in the high frequency circuits. 
For lower frequency circuit appltications 
the mica compression type is satisfactory. 

The miniature tuning type can be used as 
one of the adjustable elements in the Fine 
Tuning control. 

When adjusting compression-type trim-
mers it is best to keep within the useful 
range of the capacity adjustment, that is 
from about 1/7 to 2 turns from tight. If it 
is necessary for the adjustment to be 
tighter or looser than the useful range, it 
is best to adjust or change some other part 
or control in the circuit. The same holds 
true for other types of trimmers near either 
extreme of range. 

E lectrolytic Capacitors. — Capacitance 
depends on the area of the conducting 
plates, the thickness of the dielectric be-
tween the plates, and the nature of the 
dielectric. Capacitors of 5 microfarads or 
more, if made with mica, ceramic or paper 
as the dielectric, would have to be large 
in size - much too bulky for the space 
limitations of a television chassis. To 
obtain a capacitor that is physically small, 
but has a high capacitance, it is neces-
sary to have a large surface area for the 
conductors and extreme ly small separation 
between them with a material of high di-
electric constant. The electrolytic capaci-
tor has just these charactenistics. 

The electrolytic capacitor consists of 
an electrode of aluminum foil, an elec-
trolyte or conducting liquid, which serves 
as the other electrode, and an extremely 
thin film of chemical deposit upon the 
surface of the foil, to act as the dielectric. 
The electrolytic capacitor depends on a 
polarizing voltage for its operation. The 
capacitor must be ' formed" by applying a 
d-c formation voltage which forms the di-
electric chemical deposit upon the anode 
or positive aluminum plate. If wrong po-
larity is applied during use, the dielectric 
is caused to disappear, and the capacitor 
is ruined. The capacity depends primarily 
on the anode surface and the thickness of 
the formed film. By etching or chemically 
roughening the anode foil, its surface area 
is greatly increased and the capacity of 
the unit is much greater. The thickness of 
the film also determines the voltage rating, 
and it is important to remember that there 
is not much safety margin in this; voltage 
limitations must be carefully observed. 
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Etched foil capacitors are used where 
high capacity is needed but the temperature 
requirements are not particularly high. 
Where high values of ripple current must 
be handled and the temperature require-
ments are abnormally high ( but not over 
85° C) plain foil capacitors are used. Elec-
trolytic capacitors are made in sizes from 
5 microfarads to1,000 microfarads, and to 
operate at d-c working voltages (the volt-
age at which it is normally required to 
operate) from 3 to 450 volts. Electrolytic 
capacitors may be either in single or in 
multiple units of two, three or four sections. 

The outer case of the electrolytic 
capacitor may be either of metal or of card-
board. Metal case capacitors usually have 
the case as the negative connection, but 
some capacitors are constructed with the 
case insulated. A capacitor with an in-
sulated or " floating' container should not 
have the case grounded, since this would 
cause the internal insulation to fail pre-
maturely. As an added protection the 
metal container may be encased in a card-
board insulating covering. 

Metal containers are used in applica-
tions involving high ripple current, since 
the metal container prevents the drying 
out of the electrolyte as a result of the 
heat developed from the ripple current. 
Cardboard containers are satisfactory for 
practically all applications except those 
in which ripple currents or temperatures 
are abnormally high. 

As a result of high temperatures and 
over-voltage, gas may be generated within 
the electrolytic capacitor. That makes it 
necessary to have a means for this gas to 
escape (venting). After venting occurs the 
capacitor seal is broken and some moisture 
leakage may result. This, of course, will 
shorten the life of the capacitor. It is not 
likely to happen if correct voltage ratings 
are observed and proper operating tempera-
tures are maintained. 

An effective method of checking the 
condition of electrolytic capacitors is to 
measure the leakage current. If a capaci-
tor has not been in use for some time the 
film may have deteriorated and may need 
to be reformed. For this reason the leak-
age current should not be measured im-

mediately, but after application of the 
rated voltage for at least five minutes. 
The maximum leakage current for an 
electrolytic capacitor is indicated in 
Table D 

Working Voltage 

3 to 100 
101 to 250 
251 to 350 
351 to 450 

TABLE D 

Leakage Current, Maximum 
Milliamperes 

0.3 + 0.01 x capacitance (mfd) 
0.3 + 0.02 x 
0.3 + 0.025 x 
0.3 + 0.04 x 

(Example: 8 mfd, 300V capacitor. Leak-
age current = 0.3 + 0.025 x 8 = 0.3 + 0.2 
= 0.5 ma, max). 

Much greater tolerance in capacitance 
values is permissible with electrolytic 
capacitors than with other types. Values 
acceptable for general use are shown in 
Table E. 

TABLE E 

Rated Voltage Tolerance 

0 to 35 
36 to 150 
151 to 350 
351 to 450 

-10 + 250% 
-10 + 150% 
-10 + 100% 
-10 + 50% 

Stray Capacities in a Circuit. — Since 
capacitive effects result when two con-
ductors are placed close together, but 
separated by some dielectric, there are 
many places in an electronic circuit where 
a capacitive effect is present even though 
no physical capacitorhas been connected. 
For example, such stray capacity results 
when two leads are run close together, 
between adjacent turns of a coil, between 
the electrodes of a tube, and between the 
wiring and the chassis. In most cases 
this is not a desirable effect. It cannot 
be completely eliminated, but must be 
kept to as low a value as possible. Stray 
capacity in wiring and leads will be dis-
cussed in a later section. Interelectrode 
capacity and other stray capacity effects 
will be studied in detail in later lessons, 
wherever they are a factor in circuit 
operation. 
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Typical Capacitor Troubles. — Capac-
itors of all types are susceptible to hu-
midity and to over- voltage. Either condi-
tion can result in leakage between the 
plates and a resultant breakdown of the 
dielectric. When a fixed capacitor or a 
trimmer becom es leaky, it must be re-
placed. An electrolytic capacitor how-
ever, normally has a leakage current and 
it should function properly as long as 
the leakage does not exceed the maximum 
leakage for the capacitance and working 
voltage as given in Table D. Even if the 
dielectric film breaks down, some types 
of electrolytic capacitors are capable of 
self-healing, or reforming. 

As in the case of resistors, another 
trouble that may result is loose leads 
causing intermittent or open circuit. Just 
as in the case of resistors, this condition 
may result if too much heat is applied to 
the leads when soldering. 

Capacitors may change in capacitance 
as a result of dielectric or other changes 
caused by aging, absorption of moisture, 
loss of moisture in the case of electro- . 
lytics and other causes. 

While capacitance value is best check-
ed by a Q-meter or capacity meter, simple 
tests of capacitor operation can be made 
by checking initial charge with an ohm-
meter, or leakage current with a millia-
meter, or just by substituting a good 
capacitor of the correct value. 

CV/LS AND TRANSFORMERS 

28-6.. As in the case of capacitors, 
there are a great many different types of 
coils and transformers used in a tele-
vision receiver. The word " coil" is used 
to refer to a single winding, while "trans-
former" indicates two or more separate 
windings. The windings form inductances 
whose values depend on the number of 
turns, the physical size of the composite 
unit, and the type of material used as 
the core ( air, iron or powdered iron), as 
explained in Lesson 17. Coils and trans-
formers may be used for r- f, i-f, audio or 

power circuit applications. In general, 
for high frequency applications low in-
ductance values are required, larger in-
ductance values are needed for audio 
uses, and still larger inductance values 
are required for power (60 cycle) circuits. 

Fig. 28-10 

R- f Coils and Transformers. — For 
television applications, r-f coils require 
such a low inductance that just a few 
turns of wire and an air core are suffi-
cient. In fact, for the high frequency 
channels, 7 to 13, single loops of wire 
of the proper size and properly connected 
together provide the required inductance. 
For the low frequency channels, 2 to 6, 
greater inductance is required and more 
turns are used. 

Since the inductances are added as 
coils are connected in series, it is not 
necessary to have a separate coil for 
each television channel. A single loop 
of wire is sufficient for the highest fre-
quency channel, 13. To provide the re-
quired inductance for channel 12, an 
additional loop of wire is connected in 
series, and so on for each additional 
channel. All of the coils are mounted on 
a stationary or " stator" plate in such a 
manner that a movable part, the " rotor" 
switch, (in Fig. 28-1, it is S-5 for the 
antenna coils), can be turned to connect 
into the circuit the required number of 
coils to give the proper inductance for 
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the channel desired. Actually, there are 
five such sets of coils ( for the antenna, 
r-f amplifier, oscillator, and converter 
circuits). All are mounted together on an 
r-f rotor unit so that the desired circuit 
connections are made by a single setting 
of the Selector Switch. 

Of course, a frequency setting cannot 
be made with inductance alone. The 
resonant frequency of a circuit depends 
on the values of inductance and capac-
itance present in the circuit. However, a 
coil acts as though it were a true induc-
tance with a small capacitor ( the result 
of the distributed capacitance between 
the coil windings) in parallel. Therefore, 
a coil has a natural frequency of its own; 
but frequency adjustments may be made 
by varying the inductance or adding addi-
tional capacitance. In r-f circuits fre-
quency adjustments are made by means of 
a movable powdered iron core in certain 
coils and by small trimmer capacitors. 
Since the adjustment is quite critical, 
where both the coil and capacitor are 
used to adjust a particular circuit they 
are frequently mounted together in the 
same unit; for example, the trimmer coil 
and capacitor L5 and C14 in the 9T240. 

R-f coils are either self-supporting or 
wound on ceramic, bakelite or paper forms. 
The windings are treated with a binding 
and protective material to afford mechani-
cal protection and to reduce moisture 
absorption; mechanical changes or leak-
age changes due to moisture would affect 
the frequency stability. 

In a coil, in addition to the inductance 
and the distributed capacitance, there 
are other characteristics that must be 
considered. These are the skin effect, 
the Q or " figure of merit" of the coil, 
shielding and leakage resistance. These 
factors have been discussed in other 
lessons; however, there is one — shielding 
— that requires further mention here. A 
shield around the coil or transformer 
confines the magnetic field of the winding 
within the limits of the shield and thus 
decreases coupling. It tends to lower the 

circuit Q and adds to circuit losses. But 
by reducing feedback and interstage cou-

pling, it greatly improves the stability of 
the circuit. 

I- f Transformers. — The sensitivity 
and selectivity of a television receiver 
depends largely on the selection of com-
ponents of the i-f amplifiers and their 
adjustment. The i-f transformer units are 
provided complete with two ( in some 
cases three) coils on a single form, ca-
pacitors for the tuned circuits, and resis-
tors where required to broaden the pass 
band. The first, second, and third i-f 
picture transformers do not require a 
metallic shield; but the other i-f stages 
(fourth and fifth picture i-f, sound i-f and 
sound discriminator), where there is a 
possibility of interaction with other cir-
cuits, are mounted within a metallic 
(aluminum) shield can, with connections 
coming out to lugs in a bakelite base. 

The terminals are identified by the 
letters A, 13, C, and D stamped on the 
bakelite base adjacent to the proper ter-
minals. The coils are permeability-tuned 
by slotted screws with which powdered 
iron cores are moved further into the coil 
to increase the inductance, or further out 
of the coil to decrease the inductance. 
The capacitors in the tuned circuits are 
of the fixed ceramic type, with a nega-
tive temperature coefficient to compensate 
for other changes in the circuit likely to 
result from a temperature variation. Each 
coil, primary and secondary, is adjusted 
by a separate slotted screw, one at the 
top and the other reached from underneath 
the chassis. It is best to consult the 
service data for a particular receiver to 
determine which slotted screw adjusts 
which coil, or whether some other tuning 
method may be used. 

Since many television receivers em-
ploy stagger-tuning for the i-f stages, 
(that is, successive stages have different 
frequency setup), each coil must be ad-
justed to its assigned frequency. That, of 
course, means that although i-f trans-
formers for different stages may look 
very much alike, their internal arrange-
ment and characteristics may be quite 
different. When making replacements, be 
sure you have the right transformer for 
the right stage, and that the adjustments 
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are made for the correct frequencies. 

Peaking Coils. — Peaking coils are 
used for high frequency compensation in 
the video amplifier circuits and to peak 
(give desired characteristics to) i-f and 
d-c restorer circuits. While physically 
small, they have appreciable inductance 
values. The values are specified in the 
schematic diagram as 36 uh for coil L117, 
93 uh for coil L103, etc. 

Some peaking coils have a resistor 
connected in parallel. There is no use 
in looking around for that resistor; it is 
usually contained in the form upon which 
the coil is wound. Since the resistance 
of the peaking coil is extremely small, 
the presence of a resistor connected 
across it would never show up in an ohm-
meter test. 

The high inductance required for audio 
frequency and power transformers is ob-
tained by using many turns of wire and 
an iron core. The lower the frequency 
that must be handled the more iron there 
must be in the core to obtain the correct 
inductance value. That is why power 
transformers operating at 60 cycles have 
more iron and are heavier than transform-
ers used in audio and horizontal deflection 
circuits, which handle frequencies up to 
15,750 cycles. 

The core material is usually silicon 
steel in thin sheets or laminations which 
are insulated from each other by a thin 
film of oxide (formed in the manufactur-
ing process). The laminations are neces-
sary to break up eddy currents which 
would otherwise build up to excessive 
values to cause heating and other losses. 

Heating losses also occur in the wire. 
The larger the wire, the lower the resis-
tance and, therefore, the lower the I2R 
loss. For this reason, wire size is usual-
ly determined by the amount of current 
the winding must carry. 

Failure of the windings could occur 
through breakdown of insulation between 
turns in the same or different windings, 
or from a winding to the iron core, as a 
result of overheating or through corrosion 
in the presence of moisture. When small 
amounts of impurities are present in the 

insulating material and the winding is 
operated at a positive potential above 
ground, electrolytic action will cause 
serious corrosion of the wire under con-
ditions of high humidity and high temper-

ature. 

As shown in the schematic diagram 
(Fig. 28-14), the separate windings of 
audio frequency and power coils and 
transformers can be checked by measur-
ing their resistance. For example, the 
audio output transformer T114 has a pri-
mary winding that measures 500 ohms, 
while the secondary is only 0.26 ohms; 
and the vertical output transformer T108 
measures 521 ohms for the primary and 
6.9 ohms for the secondary. When check-
ing the windings with an ohmmeter, a 
reading appreciably different from that 
called for in the schematic would indicate 
trouble that must be corrected or the unit 

replaced. 

The filament windings of a power 
transformer do not have enough resistance 
for an ohmmeter test. These, however, 
can be checked by measuring their volt-
age or current under operating conditions. 
The correct voltage and current values 
are given in the schematic. When taking 
voltage or current readings for the wind-
ings of a power transformer, remember 
that dangerously high voltages may exist. 
The proper procedure is to make the re-
quired meter connections with the power 
off, and then turn on the power to take 
the reading. 

Transformer leads to the various 
windings can be identified by a color 
code which is based upon the color coding 
for hookup wire given in Table B. How-
ever, since each winding has two leads, 
or three when there is a tapped connec-
tion, the added leads must be identified 
by two colors. For example, brown is the 
color for leads to heaters or filaments 
off ground; the other lead from the fila-
ment or heater winding must go to ground 
and it is colored with black and brown 
stripes—black for ground connection and 
brown to show that it is a filament or 
heater winding. 

Deflection Coils, Focus Coils and Ion 
Trap Magnets. — The deflection coils 
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or yoke, the focus coil and the ion trap 
magnet fit around the •neck of the kine-
scope; therefore the design of the units 
is closely tied up with the particular type 
kinescope with which they are to be used. 

Deflection coils, horizontal and verti-
cal, are contained in a unit called the 
yoke, which also contains associated re-
sistors and a capacitor as shown in the 
schematic. The horizontal and vertical 
sections are insulated from each other by 
a plastic material called " saran." The 
various leads must be kept well separated 
(dressed) to prevent the possibility of 
arcing. 

When in position around the neck of 
the kinescope the yoke should be moved 
forward as far as possible toward the 
kinescope bulb, for best deflection ad-
justment. 

The Focus coil for the 9T240 is of 
the electromagnetic type (EM). In later 
models a combination electromagnetic 
and permanent magnet type focus coil 
(EM-PM) is used. A more recent develop-
ment is a permanent magnet which replaces 
the focus coil. With this magnet, picture 
centering is accomplished by adjusting a 
separate plate on the focus magnet. 
Focusing is obtained by means of an ad-
justable shunt, operated by a flexible 
shaft. 

With the EM or EM-PM type focus coil, 
centering is effected by positioning the 
coil on its mounting. Approximate focus-
ing is obtained by positioning the focus 
coil and the ion trap magnet on the neck 
of the kinescope > and fine focus adjust-
ment is then obtainable by means of a 
focus control connected in parallel with 
the winding of the focus coil. 

Extension Cables are needed to con-
nect the yoke, focus coil, and kinescope 
of some receivers, when it is required to 
operate the receiver removed from the 
chassis, in cases where the yoke, focus 
coil, and kinescope are fastened to the 
cabinet. 

When the chassis of these receivers 
are removed from the cabinet for servic-
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ing, the yoke and focus coil are unplugged 
from the chassis. With either of these two 
components out of the circuit, the receiv-
er cannot be operated because the B+ 
circuit has been disconnected. Extension 
cables must be made up for the proper 
servicing of these receivers, as indicated 
in Fig. 28-1,1. 

eir 

a. Deflection yoke extension cable. 

b. High voltage extension lead. 

C. Loudspeaker extension cable. 

d. Kinescope socket extension cable. 

e. Focus coil extension cable. 

Fig. 28-11 

Ion Trap Magnets. — A number of dif-
ferent types of ion trap magnets have 
been developed or approved for use in 
television receivers. These are permanent 
magnet ( PM) arrangements designed to 
bend the electron beam and trap any nega-
tive ions which would otherwise cause 
injury to the kinescope screen. The var-
ious types of ion trap magnets are shown 
in Fig. 28-12. 

Typical Troubles with Coils and 
Transformers. — Aside from the usual 
troubles of open coils and shorted wind-
ings, which can readily be checked by 
an ohmmeter, principal troubles encoun-
tered with coils and transformers are 
changes in circuit characteristics or in-
termittent arcing resulting from improper 
lead dress. 

For r-f and i-f coils, the distributed 
capacitance between leads placed too 
close to each other, or too close to the 
chassis, will affect the frequency adjust-
ment of the circuit. For coils and trans-
formers used in audio, power or deflection 
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Double ring ion trap magnet. 

Fig. 28-12 

circuits, where high voltage may be en-
countered, leads too close together may 
result in arcing which in turn may cause 
insulation breakdown between windings, 
to the core or frame or to the chassis. In 
general, coil and transformer leads should 
be as short and as direct as possible. 

ADDITIONAL COMPONENTS 

28-7. — In addition to the tubes, re-
sistors, capacitors, coils and transform-
ers used in a television receiver, there 
are a number of miscellaneous items that 
may require replacement. Most frequently 
needed for replacement purposes are the 
pilot lamp, fuses, switches, and control 
knobs.These parts are generally included 
in a serviceman's replacement kit so that 
they are available when needed. 

Pilot lamps are not used on all models. 
They are used mostly on combination 
models. 

Fuses are used in most models to pro-
tect the receiver against damage from 
excess current. The fuses used are usually 
rated at 0.25 ampere, 250 volts. 

Switches used include those on the 
r-f tuning unit, the On-Off switch on the 
sound volume control, a TV-Phono switch 
on combination models as well as on 
most models that do not contain a phono-
graph unit. 

Switches must operate well, both 
mechanically and electrically. For good 

Single bar ion trap magnet. 

electrical operation there must be high 
insulation resistance between adjacent 
lugs and from lugs to the frame, low 
dielectric loss, low contact resistance 
and low capacity between lugs or from 
lugs to frame. Mechanically, a switch 
should stand up well after 10,000 cycles 
of operation. Suitable precautions are 
needed to prevent excessive corrosion 
of the metal parts under conditions of 
high humidity. 

To meet the above requirements the 
contact clips and the movable or rotor 
blades of a switch are usually silver 
plated brass, which provides good con-
tact with low wearing action; and the 
shaft, frame and general hardware are 
cadmium plated steel, to resist corrosion. 

Control knobs are available for re-
placement for the various controls, to 
match cabinet color or color scheme. 
Watch out that you do not misplace the 
retaining springs for these knobs, but if 
you do, retaining spring replacements are 
also available. 

The wiring and schematic symbols for 
some miscellaneous parts are shown in 
Fig. 28-13. 

WIRING 

28-8. —In a television receiver we are 
dealing with high frequencies, at which 
small inductance and capacitance values 
have an appreciable effect. At power and 
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wiring symbol 

R I93A 
schematic symbol 

8.50 II 55Q11 

R 193 C 

Fig. 

audio frequencies our principal concern 
in running connecting wires is to insure 
that there is sufficient insulation and 
spacing to prevent a short circuit or arc-
ing. At r-f and i-f frequencies, however, 
we have the additional concern of the in-
ductance and the capacitance added to 
the high frequency circuits by the wiring. 

By following a few general precau-
tions trouble can be avoided. 

1. In general, keep high frequency connec-
tions as short and direct as possible. 

2. Wires at ground or close to ground po-
tential may be dressed close to the chassis. 

3. All other high frequency connections 
should be dressed away from the chassis. 

4. Keep grid circuit and plate circuit leads 
and wiring away from each other. 

5. Twist power leads or filament leads 
where one wire is the return for current flowing 
in the other. By twisting the wires, since the 
currents are equal and in opposite directions, 
the magnetic fields produced will balance or 
cancel each other and thus prevent their af-
fecting nearby circuits. This is one way of 
reducing 60-cycle hum picked up from the 
power circuits. 

6. When replacing parts or making any 
wiring changes, keep the positions of the re-
placement parts and the lead dress and wiring 
as close to the original arrangement as pos-
sible. Even so, a close check of alignment and 
other circuit adjustments becomes necessary. 

7. When rewiring any part of the circuit, as 
far as possible follow the wiring color code 
given in Table B. The standard color code for 
wiring was designed to make it easier to con-
nect and to trace wiring. 

8. Do not make circuit changes unless 
specifically recommended in the authorized 
service data or in technical service letters. 
Where such authorized changes are made, be 
sure to tag the changed circuit with a proper 
notation of the change made — for the benefit 
of the next man who may service that set. 

Soldering. — An effective wiring job 
must ensure that good mechanical and 
electrical joints are made. A good many 
connection points are provided with feed-
through type lugs, that is a lug with a 
hole in it through which the connecting 
wire is fed and bent around to ensure a 
good mechanical connection. In addition, 
good soldering is needed to make a good 

R 130 

— MOM-

2.2 meg 

13I 50 K 
brightness 
control 
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electrical connection. Those parts that 
terminate in wire leads instead of lugs, 
have the wires tinned so that they will 
hold solder readily. Also, the connecting 
or hook-up wires are tinned for the same 
reason. 

A few simple precautions will insure 
good soldering: 

1. Use only a reputable quality tinned hook-
up wire. 

2. Use only standard rosin-core solder.( Avoid 
a corrosive flux or acid core solder. This could 
corrode and impair the connection. Even the 
so-called non-corrosive soldering fluxes are 
not suitable). 

3. Clean all excess solder from lugs. 
4. Push back insulation from the end of the 

connecting wire and be sure that the wire is 
clean and tinned. 

5. Push the end of the wire through the 
hole in the lug and make h tight mechanical 
connection with your long-nose pliers. 

6. Make sure that your soldering iron is 
clean and tinned and that it is hot. An iron 
that is not hot enough to make the solder flow 
freely will not make a good jóint. 

7. Apply the iron to the lug or wire and 
then the solder to the joint as soon as the lug 
becomes warm (a second or two). Remove the 
iron as soon as the solder flows freely over 
the joint. It is essential not to overheat wires 
connecting to such vulnerable parts as resistors 
or capacitors, which can be injured by too 
much heat. 

8. Allow the joint to cool thoroughly. A 
good joint has a smooth silvery appearance. A 
' cold" joint appears dull grey. 

9. Test the joint for mechanical strength. 
If the joint shows any signs of looseness, 
disconnect it, clean the wire and lug thoroughly 
and resolder. 

10. A connection that is mechanically firm 
is usually electrically good; but if you have 
any doubts, test it for electrical continuity. 

IDENTIFICATION OF PARTS AND COMPONENTS 

28-9. — Throughout the various sec-
tions of this lesson we have been study-
ing the parts or components that make up 
one particular television chassis. It is 
important to know each part, what it looks 
like, where it is located on the chassis 
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and in the circuit, and how it performs 
its particular function as a unit of the 
television receiver. Many of the answers 
are given in this lesson, but it is im-
possible to include all that you need to 
know about components of a television 
receiver within the covers of a single 
lesson. Every lesson of the course in-
cluded information about components and 
how they affect the particular circuit or 
circuits with which each lesson is con-

cerned. 

Since this lesson is primarily con-
cerned with the identification of each 
part and how the parts can be located on 
the chassis and on the schematic dia-
gram, we now should take a closer look 
at the complete chassis and the sche-

matic. 

Most manufacturers' service data con-
tain pictorial views showing the layout 
of the parts on the chassis. These are 
shown in this lesson in Fig. 28-1 (a and 
b) for the top and bottom of the chassis. 
There is also a chassis wiring diagram 
(Fig. 28-4) which shows the terminals 
for each part and how the wires are con-
nected to these terminals. The color code 
for the wires is also shown, so that the 
tracing of connections is easier. And 
then, of course, there is the schematic 
diagram ( Fig. 28-14) which shows the 
circuit arragnement of the various parts. 
If we add to these photo views of the top 
and bottom of the chassis to show the 
actual physical appearance of the chas-
and its parts (Fig. 28-2 and 28-3 and 28-4) 
we have all the aids needed to identify 
and locate the parts. 

For convenience, schematic diagrams 
are generally prepared so that the com-
ponent reference symbols run approxi-
mately in sequence through the drawing, 
so that parts are easier to find. Two ex-
ceptions to this rule are shown in the 
schematic in this lesson. 

When changes are made, so that there 
are new parts, it is easier to number the 
part out of sequence, rather than to re-
number the entire diagram. In Fig. 28-14, 
L67 appears just ahead of L7, indicating 
that L67 must have been an addition made 
since the first drawing was released. 

The other exception, adapted from 
military practice, is not always used. It 
is the application of a different group of 
numbers for components which may be 
mounted on a subchassis or a different 
chassis. The 100-group in Fig. 28-14 are 
those components which are mounted on 
the r-f sub-chassis; T-115, for example, 
is the antenna transformer, and V-101 is 
the first tube on the chassis. 

As previously noted in the sections 
dealing with specific components, con-
siderable information is given on the 
schematic by giving resistance and ca-
pacitance values, the resistance of coil 
windings, and other circuit notations. 
Once the schematic part number or reference 
symbol ( call it either name) is known, 
the location of the part can be readily 
checked on either the chassis layout 
diagram or on the chassis wiring diagram. 
The chassis wiring diagram is of particu-

lar value, since it shows clearly the 
particular terminals to which connections 
are made and the color coding of the 
connecting wires. 

When a part is suspected of being 
defective, information given in the sche-
matic and wiring diagrams help materially 
in checking it;and,if it must be replaced, 
checking with the wiring diagram ensures 
that the correct replacement goes in the 
right position and that the correct con-
nections are made. Of course, there is 
still the matter of lead dress, and then 
the adjustment or alignment of the cir-
cuits affected; but a discussion of circuit 
adjustments is deferred for later lessons. 
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POWER SUPPLY FUNCTIONS 

29-1. General Power Supply Require-
ments in the TV Receiver. — In order to 
provide the proper operating voltages for 
the many tubes in the TV receiver cir-
cuits, one or more power supplies must be 
provided. A low voltage supply, with a 
maximum voltage of from 250 to 350 volts 
is adequate for providing plate, screen-
grid and grid bias voltages for all tubes 
including the low voltage circuits of the 
kinescope. But, for the high voltage 
second anode of the kinescope, a sup-
plementary power source is needed. 

The low voltage power supply must 
provide sufficient power to operate many 
tubes and circuits, some of which draw 
appreciable current. Therefore, the low 
voltage power supply must be capable of 
an output of 200 to 300 milliamperes at 
the rated voltage. 

The high voltage power supply, how-
ever, must provide the power needed for 
the high voltage second anode of the. 
kinescope. The current requirement for 
this circuit is just that of the electron 
beam, which is quite small — in the order 
of one milliampere. This greatly simpli-
fies the problem of constructing a high 
voltage supply, and at the same time re-
moves most of the danger inherent in 
units operating at high voltage. 

Elements in a Power Supply Circuit. — 
The essential elements in a power supply 
circuit are shown in the block -liagram 

below. 
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This includes: a source of power, a 
means of rectification, a method of fil-
tering the rectified output, and a means 
of voltage distribution to the circuits 
being operated. The power source for the 
low voltage power supply is the normal 
60 cycle, 110-120 volt line. From this 
source, by means of a suitable trans-
former, the proper voltages are obtained 
to operate the filaments of most tubes and 
the rectifier. 

For the low voltage power supply it 
is customary to use a full wave rectifier, 
which may be either a duodiode, two 
separate diodes or two selenium recti-
fier sections. The rectified voltage out-
put contains a considerable ripple volt-
age, at 2 x 60 cycles or 120 cycles per 
second, which must be filtered to give a 
constant d-c voltage output. The size of 
the capacitors, choke coils and resistors 
needed in the filter section depends on 
the current requirements of the circuit, 
which in the low voltage power supply is 
quite large. The voltage distribution 
throughout the receiver circuit, to pro-
vide the required grid bias, screen grid 
and plate voltages and other low voltage 
needs, is effected by ,a voltage divider 
network and voltage dropping resistors 
that may be scattered throughout the 
chassis. The main parts of the low volt-
age power > upply are shown in Fig. 29-2. 

Since the current requirement for the 
high voltage power supply is so low, the 
use of a transformer to step up the 120 
volts of the 60 cycle line to 10,000 volts 
or more is not necessary. It is far more 
efficient, and much safer, to use part of 
the energy from the horizontal deflection 
circuit as the power supply source. This 
energy, in the form of a pulse at 15,750 
cycles per second, is stepped up to the 
desired value and rectified by a half 
wave rectifier; or the desired high volt-
age is obtained by the use of a voltage 
multiplier circuit. The rectified voltage 
is then filtered and connected directly to 
the high voltage anode of the kinescope, 
or the connection may be through a limit-
ing resistor. The high voltage power sup-
ply section of a TV receiver is shown 
in Fig. 29-3. 
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The essential elements of the low 
voltage and high voltage power supplies, 
and how they operate will be studied in 
detail in the sections that follow. 

Fig. 29-3 

CZIS 
EL ECTROLYTIr. 

CAP 

LOW VOLTAGE POWER SUPPLY 

29-2. Power Source. — In order to pro-
vide the voltage and current requirements 
for the various circuits of a TV receiver, 
we have available as our primary source 
the 60 cycle 110-120 volt a-c line. This 
power, must be modified by the rectifier 
circuits, however, to provide the correct 
operating voltages and currents for the 
specific receiver circuits. 

Voltage and Current Requirements. — 
Power must be provided to heat the fila-
ments of the various tubes. Most of the 
tubes of the TV receiver operate on 6.3 
volts; and, since they are of the cathode-
heater type, a-c operation is satisfactory. 
However, the operating voltages applied 
to the grid, cathode, screen grid and 
plate of these tubes must be direct, not 
alternating. 
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To take a specific example, let us 
consider the voltage and current require-
ments to operate the tubes of a typical 
television, radio, phonograph combination 
that has two low voltage power supplies 
- one for the TV chassis and one for the 
radio chassis, which includes the sound 
section of the TV receiver. 

A quick check of these voltage and cur-
rent requirements, together with a glance 
at the receiver schematic diagram, will 
give an estimate of the voltages and cur-
rents that must be provided by the power 
supply. 

Since the radio chassis is simpler, we 
will summarize that first as follows: 

Filament supply: 9 tubes at 6.3 volts - cur-
rent requirement 3.0 amps. 1 tube at 5.0 volts-
c urrent requirement 2.0 amps. 

Total filament current 5 amps. 

Maximum direct voltage: maximum positive 
295. Maximum negative 16. Total range 311 
volts. 

Direct current requirement: total approxi-
mately 123.3 ma. 

The TV chassis requirements are a bit 
more complex. These may be summarized 
as follows: 

TABLE A 

LOW VOLTAGE REQUIREMENTS 

Filament supply: 18 tubes at 6.3 volts-cur-
rent requirement 7.45 amps. 1 tube at 6.3 volts-
current requirement 1.2 amperes. 1 tube at 5.0 
volts - current requirement 3.0 amperes. 

Total filament current: 11.65 amps. 

Maximum direct voltage: maximum positive 
to ground 395 volts. Maximum negative to 
ground 58 volts. Total range 453 volts. 

Direct current requirement: total approxi-
mately 284.2 ma. 

HIGH VOLTAGE REQUIREMENTS 

Filament supply: 1 tube at 1.25 volts - cur-
rent requirement 0.2 amperes. 

PLATE VOLTS GRID VOLTS 

TUBES TO GROUND TO GROUND 

4 6AU6 

2 6A L5 

3 6CB6 

1 6J6 

2 12AU7 

3 65N7-GT 

1 6K6-GT 

1 6BG6-G 

1 1B3-GT 

1 6W4-GT 

1 5U4--G 

1 17CP4 

6CB6 

6J6 

6BA6 

6AU6 

6AL5 

6AV6 

6C4 

2 6V6GT 

5Y3GT 

TV Chassis Voltage 

121 volts 

-2 volts 

166 volts 

135 volts 

295 volts 

-0.1 

o 
-0.8 

-2.1 

-0.5 

395 volts -58 

365 volts 

5000 + volts -33 

12,000(filament to ground) 

380 volts 

387 ( filament to ground) 

12,000 volts 8.3 

SCREEN it HEATER HEATER 

PLATE CURRENT VOLTS CURRENT 

and Current Requirements 

8.0 ma. 

12.3 ma. 

17.0 ma. 

10.5 ma. 

(each section) 

2.3 ma. 

(each section) 

30.0 ma. 

50 (max.) 

2 ma. 

62.5 ma. 

270.ma. 

1.0 ma. 

6.3 

6.3 

6.3 

6.3 

6.3 

(parallel) 

6.3 

6.3 

6.3 

1.25 

6.3 

5.0 

6.3 

Radio Chassis Voltage and Current Requirements 

203 volts 

87 volts 

192 volts 

186 volts 

94 volts 

87 volts 

295 volts 

310 (filament to ground) 

-0.9 

-6.4 

1.1 

o 

-0.7 

-16.0 

-16.0 

12.3 ma. 

8.5 ma. 

15.2 ma. 

10.6 ma. 

.5 ma. 

11.8 ma. 

32.2 ma. (each) 

125 ma. 

6.3 

6.3 

6.3 

6.3 

6.3 

6.3 

6.3 

6.3 

5.0 

03 amp. 

0.3 amp. 

0.3 amp. 

0.45 amp. 

03 amp. 

0.6 amp. 

0.4 

0.9 

0.2 

1.2 

3.0 

0.6 

amp. 

amp. 

amp. 

amp. 

amp. 

amp. 

0.3 amp. 

0.45 amp. 

0.3 amp. 

0.3 amp. 

0.3 amp. 

0.3 amp. 

0.15 amp. 

0.45 (each) 

2.0 amp. 
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Maximum direct voltage: 12,000 volts. 

Direct current requirement: approximately 
1.0 milliamperes. 

While these summaries are approxi-
mations, they do give a reasonable esti-
mate of the voltages and currents that 
must be supplied to operate the receiver. 
To obtain these required voltages and 
currents we first need to connect a power 
transformer to the 60 cycle 110-120 volt 
line primary power source. 

Power Transformer. — A power trans-
former is an a-c operated device consist-
ing of a primary winding, which connects 
to the 60 cycle a-c line, and a number of 
secondary windings, wound on a lamin-
ated iron core to concentrate the magnetic 
lines of force. A schematic for a typical 
power transformer is shown below 

black-red 

block 

L__ 

Fig. 29-4 

blue 

blue-yellow 

yellow 

green-yellow 

red 

red yellow 

green-red 

block-brown 

6.3e 

775a 
brown 

Alternating current in the primary 
causes a varying magnetic field which 
cuts across the wires of the secondary 
coils. When the coupling between the 
primary and secondary coils or windings 
is close and the magnetic field concen-
trated, as is the case when an iron core 
magnetic path is provided, practically all 
of the power in the primary winding is 
coupled to the secondary windings. Any 
power lost in the transfer from primary to 
secondary circuits appears as heat. 

Power is voltage times current, or 
E x I. Therefore, when we consider the 
transfer of power from the primary to the 
secondary circuit we are always dealing 
with both voltage and current. The volt-
age transfer is easy to understand — if 

we know the turns ratio between the 
secondary and primary windings. Neglect-
ing losses, the voltage induced in the 
secondary is directly proportional to the 
ratio of the secondary to the primary wind-
ing turns. Thus if 110 volts a-c is applied 
to 100 turns in the primary, and the sec-
ondary winding has 400 turns, the voltage 
is stepped up to 4 x 110 or 440 volts. But 
for another secondary winding which has 
only 5 turns, the voltage is stepped down 
to 5/100 x 110 or 5.5 volts. 

When it comes to determining the current 
transfer between primary and secondary 
windings or vice versa, the problem is 
somewhat more difficult. If the secondary 
windings of the transformer are open cir-
cuited, voltage will be induced in the 
windings, but no current can flow in any 
winding until the circuit is closed by 
connecting a load across the winding. 

When there is no load on the secondary, 
there is practically no current flowing in 
the primary winding either. This results, 
because, although the primary winding 
is directly across the 110 volt a-c line, 
the inductance of the winding causes a 
back electromotive force ( emf) or self 
induced voltage which practically equals 
the applied voltage. When a load is placed 
on the secondary so that current flows in 
the secondary winding, the back emf of 
the primary winding is reduced and suf-
ficient current flows in the primary so 
that the voltage times the current ( that is 
the power) is equal to the voltage times 
the current ( the power) in the secondary 
winding. This assumes that there are no 
losses. Thus, no power is taken from the 
primary circuit of a transformer until 
there is a load on the secondary. When 
there is a load on the secondary winding, 
the primary will supply the power that the 
load requires. When there are loads on 
several secondary windings, the primary 
will supply an amount of power equal to 
the total power used in the secondary 
windings. 

Here is how it works out. Suppose we 
connect the filament of just one tube, a 
6W4-GT, to the top 6.3 volt winding of 
the power transformer shown in Fig.29-4. 
The filament of this tube draws 1.2 
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amperes of current when operated at 6.3 
volts. The total power used in that circuit 
is then 6.3 volts x 1.2 amperes 7.56 
watts. This power must be supplied by 
the primary circuit. Therefore, when 110 
volts is applied to the primary, the cur-
rent in the primary must be 7.56 watts 
divided by 110 volts, which equals ap-
proximately 0.07 amperes. 

Now let's connect the filaments of 
other tubes across the bottom 6.3 volt 
winding of our power transformer. The 
filaments are connected in parallel so 
that the currents are added. We can 
connect 19 tubes including the kinescope 
to use up the maximum rating of 7.75 
amperes shown. This secondary then uses 
6.3 volts x 7.75 amperes = 48.825 watts. 

Now we have two windings drawing 
power from the primary, a total of 7.56 
plus 48.825 equals 56.385 watts. To sup-
ply this power, the current in the primary 
winding will be 56.385 divided by 1105or 
approximately 0.5 amperes. 

As additional loads are connected to 
the other windings, or as additional tubes 
are connected, the increased load in the 
secondary circuits will result in additional 
current in the primary winding. 

Losses due to resistance in the wind-
ings and other transformer losses result 
in heat being generated in the transformer. 
This heating effect, approximately equal 
to I2R, goes up rapidly as the current in 
the transformer winding increases.We hold 
down this loss by using larger size wires 
in the w indings that must carry heavy cur-
rent. A transformer is rated to handle a 
certain maximum amount of power without 
overheating. When that power rating is ex-
ceeded, transformer trouble may result 
because of the excessive heat produced. 

Identifying Transformer Windings. — In 
order to properly connect the many leads 
from a power transformer, the various wind-
ings and leads must be positively iden-
tified. This is done by color coding the 
leads, as shown in Fig. 29-4. Refer to 
Lesson 26 for a full discussion on wire 
color coding. Transformer lead color 
coding is always shown clearly in Service 
Data Schematics. 

When in doubt, a positive check can 
be made by resistance and voltage mea-
surements. First, with no voltage applied, 
measure the resistance of each winding 
with an ohmmeter. The highest resistance 
reading is obtained from the high voltage 
secondary winding (about one hundred 
ohms — sometimes more). This winding 
usually has three leads, one a center tap. 
The next highest resistance is obtained 
from the primary winding, usually less 
than 10 ohms. The filament windings 
have so little resistance that they will 
give a zero resistance indication with an 
ohmmeter. 

To identify the various filament wind-
ings, 110 volts from the 60 cycle a-c line 
is applied to the primary winding and the 
voltage of the filament windings is mea-
sured. Where there are two windings that 
give the same voltage, as the two 6.3 
volt windings of the transformer of Fig. 
29-4, the winding that has the heavier wire 
is designed to handle the larger amount 
of current. 

Filament Power.— Since all the vacuum 
tubes used in the receiver are of the hot-
cathode type, the propel- voltage must be 
supplied to the filament or heater of the 
tube. This filament voltage is supplied 
by a step-down secondary winding of the 
power transformer in practically all cases. 
Most of the tubes used, like the 6AU6, 
6SN7, 6AG5 etc., require 6.3 volts across 
their filaments. This voltage will then 
allow current to flow through the filament, 
heating it to the proper temperature. 

The power transformer has several 
step-down secondaries. This can be seen 
in Fig. 29-4. Practically all the 6.3 volt 
filaments are placed across the secondary 
winding which produces the required 
voltage, and can handle the total current. 

Not every 6.3 volt tube is connected 
here, however. One of these 6.3 volt 
tubes, the damper stage, is connected to 
a separate filament winding because this 
stage has a large d-c voltage tied to its 
heater-cathode lead, but not across its 
filament. In order to keep this d-c voltage 
from the filaments of the other tubes, 
which might cause internal tube arcing, 
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the damper tube filament is connected to 
its own separate 6.3 volt secondary wind-
ing. Some damper tubes like the 5V4-G 
only require 5 volts across its filament; 
it would be connected to its own 5 volt 
secondary. This can be seen in Fig. 29-29. 

The low voltage rectifier tube, 5U4-G, 
only requires 5 volts, but has a large d-c 
voltage tied to one side of its filament. 
This is the d-c output, which is the re-
quired B plus voltage, produced from the 
a-c input by the rectifier. The rectifier 
filament, therefore, is heated by its own 
separate 5 volt secondary. 

In most receivers, the kinescope fila-
ment, which requires 6.3 volts is con-
nected to the same secondary as most of 
the other stages. However, when the 
cathode is connected to a high d-c volt-
age, then one side of the filament is also 
tied to this same voltage. This places 
the cathode and filament at the same 
potential and prevents arcing between 
them. With a large d-c voltage on one 
side of the filament, it cannot be con-
nected to the filaments of other stages; 
otherwise arcing might take place inside 
the other tubes. In this case the kines-
cope filament would have its own 6.3 
volt secondary. 

Two other stages also have their fila-
ments connected to separate windings. 
These tubes are the 1B3-GT, the high 
voltage rectifier, and the 1V2 focus recti-
fier for the electrostatic focus kinescopes. 
Both these stages are in the high voltage 
circuit, with one side of their filaments 
connected to part of the high voltage. 
They get their filament voltages from 
separate step-down secondaries of the 
high voltage horizontal output trans-
former. This is shown in Fig. 29-30. 

RECTIFIER CIRCUITS 

29-3. In a rectifier circuit we can sup-
ply a high voltage secondary winding on 
our power transformer, to provide the 300 
to 400 d-c volts required, but we must add 
a rectifying device to change the a-c out-
put of the high voltage winding to pulsa-
ting d-c. The ripple that remains in this 

voltage output of the rectifier is then 
smoothed out by a suitable filter circuit. 

The rectifying device used in the low 
voltage supply of a TV receiver may be 
either a vacuum tube or tubes or a sele-
nium rectifier. Since we need to provide 
for high current requirements in the low 
voltage circuits of the receiver, the most 
efficient rectifying method must be used. 
This usually means the use of a full-
wave rectifier, so that both halves of the 
a-c cycle can be utilized. For the high 
voltage power supply, where very little 
current is required, a half-wave rectifier 
utilizing only one half of the a-c cycle is 
satisfactory. 

Most of the TV receivers use the 5[14-
GT tube in a full-wave rectifying circuit 
to provide the d-c voltage requirements of 
the TV chassis. For the lower power 
requirements of the radio chassis of com-
bination sets, the 5Y3-GT is frequently 
used. The selenium rectifier is used in 
some receivers where the current require-
ments are moderate. 

The Vacuum Tube Full-Wave Recti-
fier. — For a better understanding of the 
operation of the full-wave rectifier used 
in the low voltage power supply of our 
TV receiver, let us start with a quick 
review of the action of a diode. 

If a diode is connected to a 60 cycle, 
110 volt source, current will flow when 
the plate is positive, but will not flow 
when the plate is negative, with respect 
to the cathode. Of course, we must con-
nect a limiting resistor or load in the 
circuit, as shown in Fig. 29-5(a). When 
the resistor is connected in the cathode 
side of the circuit, the polarity of the d-c 
voltage across the resistor or load is 
such that the cathode end is positive. As 
indicated in Fig. 29-5(1)), current flows 
through the tube only during the positive 
half- cycle of the input voltage, and the 
output voltage across the resistor is a 
pulsating voltage corresponding to the 
positive half-cycles of the input voltage. 
The negative half-cycle of the a-c input 
does not produce any output in such a 
half- wave rectifier circuit. 
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in tube 

#  A A output 
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(0) (b) 

Fig. 29-5 

Since there is some voltage drop with-
in the tube itself when it is conducting, 
the average pulsating voltage obtained 
across the output resistor will be less 
than the input. 

It is obvious that when we require a 
higher voltage, as we do in TV circuits, 
the input voltage to the tube must be 
stepped up considerably above the 110 
volts available. This is done by the high 
voltage secondary winding of our power 
transformer. In addition, the power trans-
former provides a filament winding to 
heat the filament or heater of the diode 
as shown in Fig . 29-5(c). 

In the simple half-wave rectifier cir-
cuit shown, we obtain a pulsating voltage 
from the positive half cycles of the input 
voltage, while the negative half cycles 
of the input are lost. This arrangement 
might be satisfactory for some purposes, 
but for greater current output we want to 
utilize both half cycles of the input volt-
age. All we have to do is to use two di-

Fig. 29-6 

(C) 

odes, connected in such a manner that 
one conducts on the positive half cycle 
while the other conducts on the negative 
half cycle of the input voltage. The two 
outputs are combined so that, as shown 
in Fig. 29-6, the gap in the voltage pulsa-
tions of one half-wave rectifier are filled 
in by the second. The combination, there-
fore, is a full-wave rectifier. 

The cathodes of the two diodes are 
connected together, and return to the 
grounded tap on the high voltage sec-
ondary windings, with the load resistor 
connected in the cathode side of the 
circuit as before. 

With this arrangement V1 conducts 
during the positive half-cycle of the input 
voltage to develop pulsations of voltage 
across the load resistor. During this 
period the plate of V2 is negative in 
respect to its cathode and this tube does 
not conduct. But for the next half—cycle 
the plate of V2 becomes positive and the 
plate of VI negative in respect to their 
connected cathodes. Now V2 conducts 

plate voltage 
of VI 

o*n  voltage across 
R due to VI 

o # plate voltage 
of V2 

0+ Í\  

#7W\7\  o 

voltage across 
R due to V2 

voltage across R 
due to VI à V2 
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while V1 is inoperative. As V2 conducts, 
pulsations of voltage develop across the 
load resistor to fill in the gaps between 
the pulsations that develop as V1 con-
ducts. The result is not a steady direct 
voltage; but the pulsations are now at 
the rate of 120 rather than 60 per second, 
with practically no gap between pulses. 
However, there is still a 120-cycle ripple 
voltage present that needs to be filtered. 

Selenium Rectifier. — The function of 
a rectifier is to permit current to pass in 
one direction much better than in the op-
posite direction. Even though some cur-
rent may pass in the reverse direction, 
the device will act as a rectifier as long 
as the ratio of current in the desired 
direction to the back current in the re-
verse direction is quite large. While the 
diode is an exceptionally good one-way 
electronic valve, there are other devices 
that can serve well as rectifiers. There 
are certain combinations of thin films of 
metals which permit electrons to pass 
more easily in one direction than in the 
other. Two combinations that work par-
ticularly well are the copper oxide recti-
fier, a thin film of copper oxide on a 
copper plate, and the selenium rectifier, 
a specially prepared film of selenium on 
a metallic surface such as iron. Of these 
two, the selenium rectifier is the more 
efficient — with a ratio of front to back 
conductivity of approximately 2,000. 

plate cathode 

symbol of 
rectifier 

Fig. 29-7 

Figure 29-7 shows the symbol used 
for metallic film rectifiers. The triangular 
part of the symbol is an arrow head which 
points in the direction of conventional 
current flow through the rectifier. Since 
the electron motion is opposite, the elec-
trons in the rectifier circuit move in a 
direction opposite to that indicated by 
the arrow head. In other words, the arrow-

head represents what would be the anode 
in a vacuum tube rectifier, while the solid 
bar corresponds to the cathode, which is 
the B plus side in a rectifier circuit. 

oppliet1 bettop• 

COMM, e 'polder 

Fig. 29-8 

output voltage 

A half-wave rectifier circuit is shown 
in Figure 29-8. During the positive half-
cycles of the applied voltage, when the 
rectifier conducts best, positive voltage 
pulses develop across the load resistor, 
while only a slight reverse voltage ap-
pears for the negative half- cycle of the 
applied voltage. All we need do to get 
rid of the reverse voltage and smooth out 
the voltage pulsations to a considerable 
extent, is to connect a capacitor across 
the output load as shown in Fig. 4-9. If 
the capacitor is sufficiently large, it will 
charge up in the periods in which the 
rectifier conducts best, but will discharge 
only slightly during the opposite half-
cycle of the applied voltage. The result 
is the considerably smoothed output volt-
age shown. 

cere7777 
Output y011090 

Fig. 29-9 

To form a full wave rectifier circuit, 
we can use two of the metallic rectifier 
units in the circuit shown in Fig.29-10. 
What we have here is a voltage doubler 
circuit. It is the type of circuit in TV 
receivers using the selenium rectifier. 
It is used in order to obtain a sufficiently 
high direct voltage for the needs of normal 
receiver circuits. To use a step-up trans-
former winding is not desirable because 
of the high reverse current that would 
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result in the selenium rectifier circuit. 
A more detailed discussion of voltage 
doubler circuits is given in a later Sec-
tion, but we can describe the operation 
of this circuit very briefly here. 

SR-I 

Fig. 29-10 

On the positive half-cycle of the sec-
ondary voltage, as shown by the solid 
line polarity in Fig.29-10, SR-1 will con-
duct. The direction of electron flow will 
be as shown by the solid line arrow. As 
a result, C1 will charge with the polarity 
indicated, to about the value of the sec-
ondary voltage. On the negative half 
cycle, as shown by the dotted line polar-
ity, SR-2 will conduct. The direction of 
electron flow will be as shown by the 
dotted line arrow. This will charge C 2 to 
approximately the value of the secondary 
voltage, with the indicated polarity. 

The voltages across C1 and C 2 are in 
series with each other. This will produce 
across the parallel resistor R a voltage 
approximately equal to twice the sec-

ondary voltage. 

The selenium rectifier has the ad-
vantage of small size, the ability to be 
mounted in almost any position, and 
cooler operation since it does not re-
quire a filament. Its use eliminates the 
need for a filament winding for the low 
voltage rectifier and enables a smaller 

— — E mo., 

— E or 

full wove 

(al Input voltoçe 

high-voltage secondary winding on the 
power transformer than is required for a 
diode type rectifier. 

The selenium rectifier will age with 
time, resulting in decreased output volt-
age. When the output voltage at normal 
load drops more than 15 percent of the 
original rated value, the selenium recti-
fier should be replaced. 

Filter Circuits. - The output voltage 
of a rectifier, whether it be of the vacuum 
tube or the selenium type, is a pulsating 
direct voltage. It always has the same 
polarity, but the instantaneous voltage 
values fluctuate around an average value. 
We can consider this output to be made 
up of two components, an average direct 
voltage and a ripple, as indicated in 
Fig. 29-11. 

(b) Capacitance filter 

Fig. 29-11 

peak volloge 

overage voltage 

For a half-wave rectifier the ripple 
frequency is equal to the applied voltage, 
or 60 cycles for a 60 cps input. For a 
full-wave rectifier, the ripple frequency 
is twice the 60 cps input, or 120 cycles. 
In order to remove the ripple, we need a 
filter circuit. Filter circuits are made up 
of combinations of capacitors, inductors 
and resistors. 

The filtering action of a capacitor is 
illustrated in Fig.29-12. The output of a 
half or full-wave rectifier is in the form 
of pulses as indicated in Fig. 29-12(a). 

load 

tI I Ed-c II I 

tube current 
E max 

: I‘, ; \Ed-c 
\  

1 
tube current 

(a) Filter (whoa output voltage 

Fig. 29-12 
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This is fed to a capacitance filter across 
which is connected the resistor load, as 
shown in Fig.29-12(b). During the period 
in which the rectifier conducts, there is 
very little resistance in series with the 
capacitor — only that of the rectifier 
element and the secondary winding of the 
transformer. Therefore, the capacitor 
charges rapidly to the peak voltage of 
the rectifier output in a few cycles. When 
the rectifier output drops, the capacitor 
can discharge only through the load re-
sistance. The voltage across the capac-
itor falls off very slowly when a large 
capacitor is used. The capacitor acts as 
a reservoir, storing energy as the rectifier 
conducts,and releasing it slowly between 
conducting periods. In this way the ripple 
voltage is greatly reduced. In effect, the 
condenser is filtering out the ripple. 

Fig. 29-12(c) shows the voltage output 
of the capacitance filter. Once the capac-
itor has been charged, the rectifier cannot 
pass current until the voltage output of 
the rectifier exceeds the voltage remain-
ing across the capacitor. Current flows 
in the rectifier for only a short period, at 
the approach and shortly past the peak of 
the input wave. Since the capacitor ab-
sorbs energy during this pulse of rectifier 
current and delivers this energy to the 
load between pulses, the average voltage 
of the filtered output is a higher value 
than that of the unfiltered input. How-
ever, the average voltage available from 
the filter depends a great deal on the re-
sistance of the load. If the load is only 
a small resistance value, the load will 
draw a heavy current. This will discharge 
the capacitor much faster and the average 
voltage will become much lower. A simple 
capacitor filter therefore is not satis-
factory for circuits which must supply 
large load currents. 

To prevent abrupt changes in load 
current, we can place an inductor, or 
filter choke, in series with the rectifier 
output, as shown in Fig. 29-13(b),Induct-
ance in the circuit tend§ to prevent the 
current from building up or dying down 
rapidly. If the circuit inductance is made 
large enough, then the load current 
is held fairly constant. By filtering the 
rectified output with a filter choke the 
output voltage is not as high as when a 
capacitor filter is used, but the inductor 
filter will permit a higher current drain 
without a serious drop in output voltage. 

rectifier 
output 

c, load 

(a) capacitor input titter 

L2 

-l-

c, c, 

(b) choke input filter 

Fig. 29-14 

By using capacitors to store and re-
lease energy output from a rectifier, and 
inductors to keep the current from fluctu-
ating, we have a combined filter circuit 
with the good features of both the capac-

(10 Inductance filter 

load 

\ 

o 

\ 

(c) Output load current 

Fig. 29-13 
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itor and the inductor filter. When the 
rectifier output is fed first to a capacitor, 
in such a combination filter as Fig. 

29-14(a), the circuit is called a capacitor-
input filter. If the first element in the 
filter circuit is a choke, we have a choke-
input filter. 

For either a capacitor or a choke-input 
filter, when there is no load on the out-
put terminals, the terminal voltage is 
nearly equal to the peak voltage output 
of the rectifier. For a capacitor-input 
filter, as the load current is increased, 
the terminal voltage falls. Since the out-
put voltage falls considerably as the load 
current is increased, the circuit is said 
to have poor voltage regulation. The 
capacitor-input filter is adequate for ap-
plications where the load is light or fair-
ly constant. It is not desirable for cir-
cuits that require a large current. 

For a choke-input filter, with only a 
small load current, the output voltage 
drops to some lower value than the no-
load terminal voltage, but will remain at 
that value as the load continues to in-
crease. An initial load or bleeder is 
usually placed across the output so that 
there is always some drain or load on the 
circuit. Since the voltage of a choke-input 
filter changes very little over a wide 
range of load, the circuit has good volt-
age regulation. 

rectifier 

output voltage --r-

1 

Fig. 29-15 

e 

filtered 

T output voltage 

Fig. 29-15 shows a resistance-capac-
itance filter circuit, which results when 
a resistor is substituted for the inductor. 
This type of filter is satisfactory in cir-
cuits where the current requirements are 
low. Excessive voltage drop across the 
resistor would result if used in a circuit 
in which large current drain may be en-
countered. 

For adequate filtering it is desirable 
to use large values of capacitance. This 

requires the use of electrolytic capac-
itors, which give a large capacitance in 
a reasonably sized unit. Electrolytic 
capacitors are frequently made up in mul-
tiple units, so that there are two, three or 
more capacitors in a single case. A typical 
electrolytic filter capacitor is shown in 
Fig. 29-16. 

Fig. 29-16 

A typical filter circuit used in TV re-
ceivers for the low voltage power supply 
is shown inFig.29-17. Note that the focus 
coil is used as t he choke in the second 
filter section. This can be done since, 
with suitable component values, most of 
the ripple is removed in the first section 
of the filter. Note that this is a capacitor 
input filter, and that the input is to two 
40 mf capacitors connected in parallel to 
make an input capacitance of 80 mf. 
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VOLTAGE DIVIDERS 

29-4. The rectifier and filter circuit 
furnish the direct voltages needed to 
supply the plate, screen and grid bias 
voltages for tube operation. Since these 
represent a considerable range in voltage 
values, some means must be available to 
obtain the different voltage values de-
sired. This is done by connecting a re-
sistor network across the output of the 
filter circuit. The simplest arrangement 
is a number of resistors in series, as 
shown in Fig. 29-18. 

.300V 

filter 

output 

voltage 

RI 5 Kit 

Re 5 KJ1 

R3 10KA 

f •200 V 

• 100V 

(a) 

• 250V 

3 

• 300V 

R4 is 10K, the voltage from its upper 
terminal to ground is 10K/30K x 300 
volts = 100 volts. Since the lower end 
of the resistor is grounded, that becomes 
the zero reference point to which other 
voltage readings are referred. The volt-
at the top of R4, in respect to ground, 
is + 100 volts. "The voltage readings to 

ground from the other terminals are as in-
dicated, +200, +250 and +300, respec-
tively. 

Besides serving as a voltage divider, 
these series resistors across the filter 

# 300V 

filter 
output 
voltage 

Fig. 29-18 

In Fig.29-18(a)there are four resistors 
connected in series across the 300 volt 
output of the filter circuit: 5K, 5K, 10K 
and 10K, with the end of the bottom re-
sistor grounded. When no external load is 
connected, the voltage at each terminal 
can be easily determined. We have a 
simple voltage divider circuit, in which 
the voltage to ground at any point is the 
ratio of the resistance to ground to the 
total resistance, multiplied by the total 
voltage. 

For example, the total resistance is 
30K or 30,000 ohms, and the total volt-
age is 300 volts. Since the resistance of 

Ri 5 Kfl 

Re 5 K11 

R3 10 KA. + 100 V 

— 100V 
R4 10 l(f1 

(b) 

#200 V 

circuit act to discharge the filter capac-
itors when the rectifier is shut off. They 
also provide a minimum current load for 
the filter, even when no external load is 
connected. This minimum current load is 
found by Ohm's Law. It is equal to 300 
volts/30K = 0.01 amperes or 10 milli-
amperes, in this particular case. 

The Ground Point. — The voltage di-
vider, or some part of the external cir-
cuit, may be grounded without affecting 
the operation of the power supply, pro-
vided the rectifier and filter circuits are 
not directly grounded. When this is done, 
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however, it is important that all parts of 
the rectifier and filter have sufficient 
insulation to ground to withstand the volt-
ages involved in such a connection. In 
particular, the negative terminals of the 
electrolytic capacitors of the filter cir-
cuit (which in many capacitors is con-
nected to the outer metal case) must be 
insulated from ground. 

With these precautions in mind, let's 
change the ground connection on our volt-
age divider from the bottom to the upper 
terminal of R4 as shown in Fig. 29-18(b). 
This grounded terminal then becomes our 
reference point for voltage readings. 
Since the bottom terminal of R4 is at a 
lower potential than the grounded terminal, 
its reading is now - 100 volts. The other 
terminal readings to ground are now 
shown to be + 100 volts, + 150 volts and 
+200 volts respectively. This arrange-
ment supplies a negative voltage that can 
be used to provide the negative bias for 
certain circuits in the TV receiver. Of 
course, the maximum positive voltage 
available for the plate circuits is re-
duced in this arrangement. However, the 
total range of voltage is still 300 volts, 
100 volts negative and 200 volts positive. 

The voltage measured across the in-
termediate terminals of the voltage di-
vider will divide proportionally to the 
value of the divider resistors only when 
no appreciable load is being drawn from 
these terminals. When an external load is 
applied, so that additional current passes 
through certain of the divider resistors 
and not through all of them, the relative 
division of voltages will change. In 
general, with increased current supplied 
to the external circuit, the terminal volt-
age drops. A voltage divider is designed 
for the particular load conditions at which 
it is to operate. Therefore, when measur-
ing voltage with no load applied, you 
should expect high readings which would 
drop to normal with the load applied. 

A Typical Divider Circuit. — Figure 
29-19 shows a voltage divider network 
used in a typical TV receiver. The cir-
cuit is grounded at such a point that two 
negative and three positive voltages are 

4Opt 

hi II 

• 2I5 V 

Fig. 29-19 

available, with a total range of from - 120 
volts to +215 volts. The voltages given 
are for normal operating conditions, with 
the external load connected. 

It is important to notice that capac-
itors are connected from most of the di-
vider resistors either to the most negative 
terminal or to ground. These serve to 
filter out any alternating currents from the 
external circuits to which the power sup-
ply is connected. If this is not done there 
is the danger of oscillation or motor- boating 
caused by the coupling of signals from 
one circuit back to another through the 
power supply connections. 

Where a large bypass capacitance is 
needed, as in the cathode circuit of audio 
and certain sync circuits, it is preferable 
to use an electrolytic capacitor installed 
in the power supply section of the re-
ceiver. In r-f, i-f and video circuits, 
where a smaller capacitor is satisfactory 
for the decoupling of circuits operating at 
high frequencies, the decoupling circuits, 
usually consisting of a resistor and ca-
pacitor, are connected as close as pos-
sible to the particular circuit involved. 

Also, voltage dropping resistors may 
be installed anywhere in the circuit where 
needed to bring the voltage at any ele-
ment to the desired value. Examples are; 
screen voltage dropping resistors con-
nected in the plate supply line to drop 
the voltage to the desired value at the 
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screen; and cathode biasing resistors to 
obtain the bias voltage for proper opera-
tion of a particular circuit. 

TYPICAL LOW VOLTAGE POWER SUPPLIES 

29-5. Typical low voltage power sup-
plies used in many TV receivers are 
shown in Figs. 29-20, 29-21 and 29-22. 

Circuit With One Rectifier Tube. — In 
Fig.29-20we put together the sections we 
have been describing to form the complete 
low voltage power supply utilizing a 
5U4-G vacuum tube in a full-wave rectifier 
circuit. 
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The circuit connecting the power plug 
to the primary of the power transformer, 
in addition to the ON-OFF switch ( S101) 
for turning on the receiver, also contains 
an interlock switch ( S102) which makes 
the set inoperative when the back panel 

7109 

of the receiver is removed. Note the two 
series capacitors C151 and C152 (each 
.01mf) across the primary winding. With 
the common terminal connection between 
the capacitors grounded, we have capac-
itor filters from both terminals of the 
primary winding to ground. This filter 
circuit serves two purposes. It prevents 
any interfering signals from the line from 
entering the power supply, and it also 
prevents any high frequency signals from 
the TV receiver from entering the line and 
being radiated to interfere with other re-
ceivers. 

Note that the power transformer has 
four separate secondary windings. In ad-
dition to the high voltage secondary to 
supply the plates of the rectifier tube, 
there are three filament windings. A 6.3 
volt winding with a maximum rating of 9 
amperes supplies heater power for re-
ceiver circuit tubes. One end of this 
winding is grounded, so that only one 
heater lead needs to connect to the heat-
ers of the tubes on the TV chassis. /t is 
important to note that this is the only 
winding on the power transformer that is 
grounded. The two other filament wind-
ings (5 volt, 3 amperes for the rectifier 
tube, and 5 volt, 2 amperes for the damp-
er tube) must be well insulated from the 
transformer core and ground, since both 
carry a high voltage in respect to ground. 
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Circ uit With Selenium Rectifiers. — 
Fig. 29-21 shows the complete low volt-
age power supply for a typical full-wave 
selenium rectifier type used in many TV 
receivers. Here only three secondary 
windings are required, since there is no 
need for a rectifier heater winding. The 
voltage for the selenium rectifiers is 
supplied by a unity-coupled ( not a step-
up) secondary winding. By using a volt-
age— doubler, full-wave rectifier circuit, 
with large values of capacitors, the d-c 
output voltage becomes equal to almost 
twice the peak input voltage, or about 310 
volts. This is calculated as 110 volts x 
1.41 x 2. The current drawn by the load 
keeps discharging the two capacitors, 
however, and prevents them from charging 
to the peak value. The output voltage 
becomes 270 volts, therefore, as in-
dicated on the diagram. 
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Circuit With Parallel Rectifier Tubes. — 
Figure29-22shows a power supply circuit 
with two rectifier tubes connected in 
parallel to provide a greater current out-

put. This particular circuit was used in 
early models of son,e receivers. However, 
the use of parallel rectifier tubes is still 
a good solution for the high current re-
quirements in some receivers. 

The circuit shown includes the hori-
zontal and vertical centering controls, 
the coil of the ion trap magnet ( an early 
type), and the focus coil as a part of the 
voltage divider network. Note the number 
of filter capacitors required. 

HIGH VOLTAGE POWER SUPPLY 

29-6. High Voltage Power Supply Re-
quirements. — In general, the high volt-
age power supply is required to supply 
power for the proper operation of the 
kinescope. The highest voltage, of 
course, is that needed for the kinescope 
second anode. In direct view receivers, 
this voltage depends on the kinescope 
characteristics and, in general, is higher 
for the larger size tubes. It varies from 
9,000 volts for the 10 inch tube to about 
19,000 volts for the 21 inch tube. For the 
projection tube, the 5TP4, where exceed-
ingly high brightness is needed, the 
second anode voltage is as high as 
29,000 volts. Fortunately, the current re-
quirem ent for this circuit is very low, 
only in the order of 1 milliampere. 

In addition to the kinescope high 
voltage anode, there are other circuits 
in certain TV chassis that require volt-
ages higher than those supplied by the 
low voltage power supply. In general, 
low voltage power supplies in TV re-
ceivers furnish maximum voltages from 
270 volts with a selenium rectifier volt-
age doubler to about 400 volts from a 
5U4-G full-wave rectifier. Where a higher 
voltage is necessary for specific circuits, 
as for example to operate the horizontal 
output tube 6BG6-G or for the focusing 
anode for the electrostatic focusing type 
kinescope, power is obtained from sup-
plementary circuits which may be con-
sidered as part of the high voltage power 
supply. These supplementary circuits are 
the B supply boost, required for the 
horizontal output tube, and an additional 



High Voltage Power Supply 

Fig. 29-23 

rectifier and voltage divider circuit, re-
quired for proper operation of the focus-
ing anode in electrostatic focus tubes. 
Current requirements for these circuits 
are extremely low. 

It is not practical to attempt to obtain 
the high voltage needed for the kinescope 
directly from the 60 cycle power supply. 
There would be too much waste of power, 
and too much danger of electric shock if 
something went wrong. Instead, the 
energy available in the horizontal scan-
ning circuits during the flyback time can 
be used to provide for all high voltage 
power supply needs. 

The Kick-Back or Fly-Back High 
Voltage Supply. — The operation of this 
system depends on the sharp change in 
scanning current for the horizontal re-
trace that occurs in an inductive circuit 
used for horizontal scanning. The kick-
back high voltage supply, therefore, is 
closely associated with the horizontal 
deflection circuit providing magnetic de-
flection, and obtains its energy directly 
from that circuit. 

1B3- GT/8016 
KV. RECT. 

Figure 29-23 shows a simplified dia-
gram of the horizontal output and deflec-
tion circuits and associated high voltage 
power supply. In Fig.29-24 are shown the 
voltage waveforms of the horizontal am-
plifier output and the current waveform 
through the deflection circuit. 

During the period in which the hori-
zontal output tube conducts, the linearly 

Fig. 29-24 
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increasing scanning current builds up in 
the deflection circuit. At the peak of the 
sawtooth current waveform, the output 
tube ceases to conduct and the current 
in the deflection circuit decreases rapid-
ly. During the build-up period the mag-
netic field in the inductive circuit ex-
pands slowly, bin it collapses suddenly 
as the current decreases rapidly during 
the retrace time. It is this sudden col-
lapse of the magnetic field in an induc-
tive circuit that induces a kick-back volt-
age in coil L in the plate circuit of the 
horizontal output tube, resulting in a volt-
age pulse of about 5000 volts. 

Actually what happens is that the coil 
L which forms a resonant circuit with 

P' its distributed capacitance at a frequency 
of about 100 kc, is shock-excited. How-
ever, the oscillations are stopped or 
damped by the conducting action of the 
damper tube during the negative half-
cy cle. A complete explanation of the 
operation of this circuit is given later in 
the lesson on deflection circuits. 

The 5000 volt pulse occurs for only a 
brief instant, a few microseconds, at a 
repetition rate of 15,750 cycles per sec-
ond. It must be stepped up to a value 
high enough for kinescope operation and 
be rectified and filtered to provide a rea-
sonably steady direct voltage. The volt-
age is stepped up by an autotransformer; 
it is rectified by the 1B3-GT high voltage 
rectifier tube, and is filtered by a capac-
itor-resistor circuit. 
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The Horizontal Output Transformer. — 
This transformer serves as the high volt-
age power transformer, obtaining its 
power from the horizontal output and de-
flection circuits. The horizontal output 
function of the transformer is performed 
by the lower part of the primary winding, 
shown as L in Fig.29-23, and a sec-
ondary winding which provides the scan-
ning currents for the deflection circuits. 
The high voltage power transformer func-
tion is performed by the extension of the 
primary winding, shown as Lc, to form an 
autotransformer providing the stepped up 
voltage for the 1B3-GT rectifier, and a 
secondary filament winding to heat the 
rectifier filament. The 6W4 damper tube 
shown is an essential part of the deflec-
tion circuit, but it obtains its filament 
supply from the low voltage power trans-
former. 

The 183-GT High Voltage Rectifier. — 
This tube is used in a half-wave rectifier 
circuit for the high voltage supply. De-
pending upon the step—up ratio of the 
autotransformer, the rectifier output volt-
age may be any desired value from 9,000 
volts to operate a 12 inch kinescope up 
to about 15,000 volts for a 19 inch tube. 
The filament of the rectifier tube is heat-
ed by high frequency current ( 15,750 cps) 
in the filament winding of the high volt-
age transformer. The energy is designed 
to be the equivalent of 1.25 volts, 0.2 
amperes of direct current. Since the high 
voltage output of 9000 volts or more is 
taken from the filament of the rectifier, 
it is essential that the filament winding 
be well insulated from the transformer 
core and ground. It must be able to with-
stand the maximum peak inverse plate 
voltage resulting from the stepped— up 
voltage pulses from the autotransformer. 

The a-c high voltage at the plate cap 
of the 1B3-GT is dangerous. An arc to the 
cap can be produced by bringing your 
hand too close - so be careful when work-
ing in this circuit. 

The output of the 1B3-GT is a high d-c 
voltage. The d-c output voltage is taken 

from the filament. A filter condenser is 
located at this point, which is charged to 
9,000 volts, or higher. When it is neces-
sary to work in the vicinity of this con-
denser it should be discharged. The safe 
way to discharge the condenser is to con-
nect a screwdriver blade or jumper wire 
first to ground and then to the condenser 
terminal. 

The d anger of fatal shock is greatly 
reduced by the fact that these circuits, 
operating at a high frequency, need only 
small filter capacitances and, therefore, 
a high electrical charge is not built up. 
The filter circuit comprises a filter capac-
itor located in the high voltage compart-
ment, a resistor in series with the high 
voltage lead ( in some receiver models), 
and a capacitance in the kinescope form-
ed by the inner and outer conductive coat-
ing on the bell of the glass tube. The 
filter capacitor has a capacitance of about 
500 uuf, and must have a voltage rating 

above the highest voltage attained in the 
circuit. The series resistor, where used, 
is usually one megohm. 

In glass kinescopes, it is essential 
that the outer conductive coating on the 
tube make good contact with ground to 
utilize the filter action of the capac-
itance formed with the inner conductive 
coating of the tube. In metal kinescopes, 
however, the entire metal bell is at the 
high voltage potential, and it is essential 
that no part of the metal bell touch, or 
even come close to touching the chassis. 

Since the high voltage power supply 
filter circuit is made up of small values 
of capacitance and high values of re-
sistance, it is to be expected that the 
voltage regulation will be poor. An ap-
preciable change in current drawn from 
the circuit will result in a large change 
in voltage. However, since the current re-
quirement of the kinescope second anode 
circuit is so small ( only about one milli-
ampere), the voltage regulation of the 
high voltage power supply is adequate for 
its purpose. But care must be taken to 
prevent conditions that could lead to 
leakage, corona discharge or damage to 
the filter resistor. Any such conditions 
would result in reduced voltage and noisy 
operation of the kinescope. 
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VOLTAGE MULTIPLIER CIRCUITS 

29-7. The kick- back type of high 
voltage power supply can provide volt-
ages of about 8,000 to 15,000 volts, 
which is sufficient for the proper opera-
tion of even the larger direct-view tubes. 
However, higher voltages up to 29,000 
volts are required for projection tubes. 
To obtain such higher voltages, a volt-
age multiplier type of circuit is needed. 
A voltage doubler or a voltage tripler cir-
cuit could be used. A voltage tripler cir-
cuit is used in most projection receivers. 

Basic Principles of Voltage Multi-
pliers. — The principle of voltage multi-
plication is important in any application 
where the voltage requirement is greater 
than the amount available. Of course, we 
can obtain a higher voltage by the use of 
a step-up transformer. But, there are 
cases where it is not advisable to use a 
step-up transformer. We have already 
noted the need to limit the voltage ap-
plied to a selenium rectifier in order to 
keep the current through the rectifier at a 
safe value. A unity ratio transformer is 
used in that case to couple the line volt-
age to the rectifiers, and the required in-
crease in voltage is obtained by voltage 
doubler action in capacitor circuits fol-
lowing the rectifiers. Vacuum tubes are 
capable of withstanding much higher 
voltages than the selenium rectifier; but 
they, too, have their limitations. Since 
they cannot withstand the high voltages 
required in the high voltage power supply 
for the projection type receiver here, too, 
it is necessary to limit the voltage ap-
plied to the tube and use a voltage multi-
plier circuit to reach the required value. 

Let us return to the selenium rectifier 
circuit in Fig.29-25(a)for a more detailed 
examination of voltage multiplier action. 
Each of the two rectifiers, SR- 1 and SR-2, 
acts as a half-wave rectifier, each charg-
ing up a separate capacitor. The voltage 
multiplier action consists merely in con-
necting the two capacitors in series so 
that their voltages add. 

In the case of the selenium rectifier 
circuit we start with the 110 volt, 60 
cycle line. This is a sine wave input. A 

unge ratio 
SR-I 

SR-2 

(a) 

(b) 

Fig. 29-25 

unity ratio transformer is used to obtain 
a 110 volt, 60 cycle input to the recti-
fiers, isolated from the power line. When 
SR-1 conducts, capacitor Cl charges to 
the peak value of the input half-cycle; 
and when SR-2 conducts, capacitor C2 
is similarly charged. The peak value of 
a sine wave is approximately 1.4 times 
the rms voltage. Since the 110 volt input 
is the rms value of a sine wave voltage, 
the charge on each of the capacitors ( Cl 
and C2) will reach a maximum of 1.4 
x 110 = 154 volts. Since the capacitors 
are connected in series so that their volt-
ages add, the total voltage across both 
capacitors is 2 x 154 = 308 volts. This 
is the maximum voltage reached. How-
ever, we know that any load placed across 
the capacitors will cause that voltage to 
drop. Therefore, when we place the load 
resistor, R, across the output terminals, 
we have available a filtered direct volt-
age output of approximately 280 volts 
from a 110 volt, 60 cycle input. This is 
sufficient for normal low-voltage power 
supply needs. 

We can connect two vacuum-tube recti-
fiers in a similar circuit, as shown in 
Fig.29-25(b).Since these tubes can with-
stand a much higher inverse peak voltage 
than the selenium rectifier, we can use a 
step-up transformer to boost the available 
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input voltage to the highest practical 
value. If we use the 110 volt 60 cycle 
line as the input voltage, an extremely 
high step-up ratio is needed to approach 
anywhere near the 9,000 to 10,000 volts 
reached by the kick-back power supply 
autotransformer. The 1B3-GT rectifier 
tube used in our modern receivers could 
stand this voltage; but, there would be 
trouble with a power transformer operating 
at such a high step-up ratio. The circuit 
would be inefficient and dangerous. In 
cathode ray oscilloscope applications, 
where the high-voltage requirements are 
usually much less than in the television 
receiver, power transformers are used for 
step-up of the line voltage. 

Voltage Multiplier Type of High Volt-
age Power Supply. — In projection re-
ceivers, the required maximum voltage of 
29,000 volts is higher than that available 
from the normal kick-back type high volt-
age power supply. But, we can reach the 
required voltage by applying the kick-
back voltage to a voltage multiplier cir-
cuit. 

VI V2 

Fig. 29-26 
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Since the kick-back voltage is not a 
sine wave', but a positive pulse occurring 
at a repetition rate of 15,750 times per 
second, we cannot use the full-wave 
type circuit previously described. What is 
used is a half-wave, cascade type of 
voltage multiplier circuit, shown in Fig. 
29-26.Here, three 1B3-GT rectifiers are 
used to form a voltage triplet circuit. 

The first rectifier, V1, acts in the 
same manner as the simple kick-back cir-
cuit. The kick- back positive voltage 

pulse causes the tube to conduct, charg-
ing capacitor C1 which connects from 
filament to ground. Capacitor C1 is charg-
ed to the peak value of the applied volt-
age, about 9000 volts. During the period 
between pulses, when VI does not con-
duct, C1 starts discharging and charges 
C 2' since the discharge path for C1 is 

through R R , L, C 2 and R 1. Since the ca-
pacitors C1 and C 2 are of equal value 
(500 mmf) the charge on both will become 
equal at a value of one-half the peak of 
the input voltage. At each pulse of the 
applied voltage, as VI conducts, C1 re-
plenishes its charge; during the non-
conducting period C1 leaks off part of 
that charge to charge C 2 further. After a 
few pulses both capacitors are charged to 
the peak of the input voltage. 

The second rectifier tube V2 is con-
nected so that the sum of the charge on 
C 2 plus the applied voltage is applied to 
its plate. This sum equals twice the peak 
input voltage or 2x 9,000 = 18,000 volts. 
As V2 conducts during the pulse period, 
capacitor C3 charges. If C3 were con-
nected from filament to ground, then it 
would charge to twice the peak voltage. 
Being connected as shown, though, C3 

charges only to the peak value, requiring 
less of a voltage breakdown rating for C3. 

Since C1 and C3 are connected in series, 
the voltage across the combination be-
comes twice the peak voltage of the in-
put pulse. By taking the high voltage out-
put from the filament of V2, we have a 
half-wave voltage doubler circuit with an 
output voltage of 18,000 volts. Some re-
ceivers use this type of voltage doubler 
as the high voltage supply. 

In a projection receiver, the doubled 
voltage may still not be high enough. An 
additional rectifier tube V3 must be added 
in a circuit similar to that of V2, to form 
a voltage tripler circuit. This is shown in 
Fig. 29-26. Capacitors C 4 and Cs each 
charge up to voltages approximately equal 
to the peak input. C 4 becomes charged due 
to the discharge of C3; Cs becomes 

charged by the conduction of V3. Taking 
our output from the filament of V3, the 
voltage output is that across three fully 
charged capacitors in series,C 1+ C3+ C 5, 

giving a total of 27,000 volts. 
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A voltage tripler circuit, as used in a 
typical T V projection receiver, is shown 
in Figure 29-27. The required output volt-
age of 29,000 volts is obtained from an 
input positive pulse of 10,500 volts. The 
output voltage is slightly lower than 
three times the input because of the volt-
age drop in the resistors in the circuit. 
These, of course, are essential for ade-
quate filtering. Since the filaments of 
the three rectifier tubes are at different 
potentials, each tube must have a sep-
arate filament winding on the high volt-
age transformer. These windings must be 
well insulated from the core and from 
ground. 

SUPPLEMENTARY CIRCUITS IN THE HIGH 

VOLTAGE POWER SUPPLY 

29-8. We have previously mentioned 
the need in certain specific circuits for 
higher voltages than those supplied by the 
low voltage power supply, but much lower 
in value than the high voltage power sup-
ply output. Of course, it is possible to 
connect a voltage divider across the 
high voltage output, and obtain any de-
sired voltage value through the voltage 
drop across suitable values of resistance. 
However, this would require the use of 
extremely high values of resistance, com-
plicate the problem of voltage regulation, 
and present an added hazard of damage 
or injury from high voltage. It is much 
more practical to add supplementary cir-
cuits to provide for these specific needs. 
These are the B supply boost, required 
for the proper operation of the horizontal 

output tube, and an additional rectifier 
and voltage divider circuit to provide the 
proper voltage for the focusing anode in 
electrostatic focus tubes. Since the cur-
rent requirements for these circuits are 
extremely small, the power can be ob-
tained from the horizontal deflection cir-
cuit. 

The B Supply Boost. — This circuit 
provides a voltage a little higher than 
the regular low voltage power supply. The 
horizontal output tube, 6BG6-G, requires 
this higher voltage, or boosted B+. The 
higher voltage is provided by the action 
of the damper tube as part of the hori-
zontal deflection circuit. 

A.C. 
deflection 
voltage 

low voltage 
û.C.— — power 

supply 

damper 
tube 

, boost 

T condenser 

6856 
horizon loi 
output 

+215V 

from 
low trollops 
power supply 

7. 120V  

(a) 

(b) 

Fig. 29-28 

boosted 
8+ 
voltage 

In Fig.29-28 (a) we see an a-c voltage 
in series with a d-c voltage. The sum of 
these two voltages is applied to a diode. 
When the a-c voltage is zero, the sum is 
only the d-c voltage alone. This makes 
the diode plate positive and the tube con-
ducts, charging up the condenser C1. 

When the a-c voltage adds to the d-c 
voltage, the sum is now larger. This will 
cause Cl to become charged to approxi-
mately the sum voltage. The result is 
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that Cl is charged to a voltage larger 
than the d-c voltage alone. 

In Fig. 2 9-28(b) we see a simplified 
schematic of the B boost circuit. The d-c 
voltage is from the low voltage power 
supply, which is a total of 335 volts 
(going from + 215 volts, in respect to 
ground, to - 120 volts). The damper tube 
will conduct and charge C1 to this value 
of 335 volts. The top of C1 will be + 215 
volts, with respect to ground, and the 
bottom of C1 will be at — 120 volts. 

With no deflection voltage ( the a-c 
component) present, the damper tube 
would stop conducting once C1 became 
charged up fully to the d-c voltage. When 
the deflection voltage appears across the 
secondary of the transformer, this a-c 
voltage adds to the d-c voltage applied 
to the diode plate. On the portion of the 
a-c deflection voltage cycle when the 
top of the secondary goes positive, the 
voltage applied to the diode plate is now 
larger. The damper tube will now con-
duct, and the increased voltage charges 
up C1 to this higher value. 

In actual operation, C1 charges to 442 
volts, from a previous charge of 335 
volts. This is an addition of 107 volts. 
The top of C1 now becomes + 322 volts 
in respect to ground, from its former value 
of only + 215 volts. 

The plate of the 6BG6-G horizontal 
output stage, which requires this boosted 
B + voltage, is connected to the positive 
side of C1 through the inductance L, as 
shown here: 
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In this diagram we see the B boost 
circuit as it actually is without sim-
plification. The B boost condenser is 
C165 and the damper tube is the 5V4-G. 
Also shown as part of the horizontal de-
flection circuit is the high voltage recti-
fier 1B3-GT, but this is not part of the 
B boost circuit. 

The Modification for Electrostatic 
Focus. — Receivers with electrostatic 
focus tubes generally use an additional 
rectifying circuit, shown in Fig.29-30. 
In this modification of the usual high 
voltage power supply, a separate filament 
winding is added to the high—voltage 
power transformer to operate a 1V2 recti-
fier tube. The power source is the 5000 
volt pulse output of the horizontal out-
put circuit. This 5000 volt pulse, without 
benefit of the autotransformer winding 
step-up, is applied to the plate of the 
1V2 rectifier tube. The rectified output, 
taken from the filament of the 1V2, is 
filtered and applied to the kinescope 
focusing anode through a voltage divider 
circuit. Adjustment of the focusing volt-
age is done by including a 25 megohm 
potentiometer in the voltage divider, with 
connection to the focusing anode made 
from the movable arm. 

While this supplementary rectifier pro-
vides a much lower voltage than that of 
the normal high voltage rectifier, the 
4220 volts output is still high enough to 
warrant careful handling. As is the case 
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for the high voltage rectifier, the danger 
of serious shock is lessened by the high 

resistance and low capacitance in the 
circuit. 

R-f POWER SUPPLY 

29-9. Some receivers employ a high 
voltage supply that gets its power from 
a separate r-f oscillator, instead of the 
horizontal deflection circuit. A typical 
circuit is shown here. 
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high voltage induced in L3 is rectified 
by the tube and then filtered to produce 
the d-c high voltage needed for the picture 
tube anode. 

The amount of high voltage can be 
changed by adjusting C1 which varies 
the frequency and amplitude of the oscil-
lations. The amplitude of these oscilla-
tions determines the amount of voltage 
induced in L 3, and also the resulting 
d-c high voltage output. 

Some circuits use capacitive instead 
of inductive coupling to sustain oscil-
lations. This eliminates the need for 
one of the transformer windings ' L2. A 
cil spring is often wrapped around the 
tube to provide capacitive coupling be-
tween the oscillator plate and grid circuit. 

The r-f power supply must be well 
escillolof shielded to prevent radiation to other 

stages of the receiver. This radiation 
could cause interference in the sound 
and picture. 

The r-f oscillator is a tuned-plate 
type using inductive feedback to sustain 
oscillations. The frequency of the circuit 
is determined mainly by the plate and 
grid tanks, L1 C1 and L 2 C z. Feedback 
occurs through the magnetic coupling 
between L1 and L 2. 

The other coils L3 and LA are also 
magnetically coupled to L1. The voltage 
induced in L 4 is used for the filament 
of the high voltage rectifier tube. L. is 
a voltage step-up secondary winding. The 

SERIES PARALLEL FILAMENTS 

29-10. Receivers that use a trans-
formerless power supply have their fila-
ments in a series-parallel arrangement, 
as shown in Fig. 29-32. 

Note that all the tube filaments in 
the top string are in series with each 
other, and all those in the bottom string 
are in series. Each complete string is 
in parallel with the other. The filaments 
of the three tubes at the right, (616,711)4, 
and 6X5) requiring a greater current than 
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12SN7 12SN7 12SN7 12SN7 25L6 6AT6 12SN7 6AL5 

97 volts 

Fig. 29-32 

the filaments in either string, are in 
series with the parallel combination of 
both strings. The current through the 
individual strings combine to form a 
greater current, which then flows through 
the three series filaments at the right. 

In this type of receiver an open fila-
ment in a tube which is part of a string 
will prevent filament current from flowing 
through the rest of the tubes in that string. 
This will also reduce the current that 
flows through the three series filaments. 
As a result, all the tubes in the string 
become inoperative, and the three series 
tubes operate very weakly, if at all. If 
one of the three series filaments opens, 
it will stop current flow through each 
string, and every tube in the receiver 
would become inoperative. 

The tubes in a series circuit must 
require the same filament current, or else 
be shunted with a resistor. The tubes in 
the top string (25Z6, 6AU6, 6AL5, 6AG5) 

6J6 7JP4 6X5 

R2' 43f2 

18 volts 

all require 0.3 amp. for their filaments, 
and so are placed in series with one 
another. The tubes in the bottom string 
(12SN7,. 25L6, 6AT6, 6AL5) also require 
the same filament current of 0.3 amp., 
and are placed in series with one another. 

The voltage required for all the top 
string filaments amounts to approximately 
79 volts; that across all the lower string 
filaments, 97 volts. Since the two strings 
are in parallel, the voltages must be equal. 
Resistor R1 is placed in the top string 
to give the additional voltage drop re-
quired to equalize the two voltages. 

The sum of the currents in the two 
filament strings (0.6 amp.) will flow 
through the series filaments. Two of these 
filaments, the 7JP4 and the 6X5, require 
0.6 amp., but the 6J6 only needs 0.45 amp. 
Resistor R2 shunts the 6J6 filament so 
that only 0.45 amp. flows through the 
filament and 0.15 amp. flows around it 
through R2. 
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In this lesson troubles in the low 
voltage power supply will be discussed. 
Troubles that occur in the high voltage 
supply will be explained with horizontal 
deflection circuits in a later lesson. 

LOCAL I Z I NG TROUBLES 
TO THE LOW VOLTAGE SUPPLY 

30-1. When more than one trouble symp-
tom shows up, the low voltage power 
supply should be suspected. The two 
reliable indications of trouble in the low 
voltage supply are: 

a. No sound and no' brightness. 
b. A picture shrunk in size, both vertically and 

horizontally. 

In each of these cases the receiver 
has, at the same time, failed to perform 
two of its normal functions. The power 
supply circuit is the only single circuit 
in the receiver that can produce a loss of 
both sound and brightness at the same 
time, or affect both the horizontal and 
vertical size of the raster. 

No Sound and Ho Brightness. This 
condition will occur if there is no B plus 
voltage output from the rectifier, no a-c 
input from the 110- volt line, or a failure 
of the filament supply. These possibili-
ties can be checked without removing the 
chassis. If any of the filaments are lit, 
there must be a-c input. If none of the 
filaments are lit, the trouble probably is 
no a-c input, since most receivers have 
more than one filament circuit and it is 
unlikely that all these circuits would fail 
at the same time. If some of the filaments 
are lit, the lack of sound and brightness 
may be due to a failure in the string of 
unlit filaments, even though the B plus 
voltage is normal. If all of the filaments 
are lit, however, no sound or brightness 
indicates that there is no B plus output. 

Small Raster. A raster small in the 
horizontal and vertical directions at the 
same time indicates a lo w d-c output 
vo 1 t a g e from the power supply. The 
smaller raster is caused by smaller de-
flection signals from both the horizontal 
and vertical circuits. A decreased B plus 
voltage, which is used by both deflection 
circuits, can cause this condition. The 
rectifier tube is often the cause of a low 
B plus voltage. 

If the B plus voltage has not dropped 
too low, it is often possible to restore 
the raster to its full size by adjusting 
the height and width controls. Sometimes 
the height of the raster can be restored 
by this adjustment, but not its width. 

Many low voltage power supplies have 
different outputs on a tapped voltage 
divider, with either all positive, or posi-
tive and negative, voltages. Individual 
voltages may change in these circuits, 
causing trouble, but the total voltage, 
from maximum positive to maximum nega-
tive, need not be affected. Since the 
deflection stages are usually connected 
across the total voltage, the raster size 
will not be affected even though indi-
vidual voltages may have changed. The 
trouble symptom of a small raster, there-
fore, is produced by a low value of the 
total output voltage supplied to the de-
flection circuits, as might be caused 
by a weak rectifier. 

Incorrect Voltage Divider Output. When 
one of the voltages tapped off the bleeder 
changes,the symptoms that appear depend 
on whichcircuits use that voltage. Usually 
more than one symptom appears, such as 
distorted sound accompanied by distorted 
picture. 

The voltage divider resistors divide 
the total voltage into smaller values, 
each of which is fed to one or more stages 
of the receiver. The value of any one of 
these voltages depends on the value of 
the resistor, the current through it, and 
the total voltage across all of the re-
sistors. These voltages may all be of the 
same polarity in respect to the chassis 
ground, or some may be positive and 
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some negative. The polarity depends on 
the direction of current flow and the point 
at which the voltage divider is connected 
to ground. 

In Fig. 30-1 a we see a bleeder circuit 
producing positive and negative voltages, 
while in Fig. 30-1d only positive output 
is produced. In Fig. 30-1 a through f, the 
direction of electron flow or current due 
to the rectifier is assumed to be upward, 
or from the bottom to the top. 

In Fig. 30-1 a we see the normal bleeder 
circuit. If the total voltage developed is 
300 volts, and R1, R2 and R3 are equal— 
in this example, 2000 ohms -each — 100 
volts will be developed across each. 
Since the junction of R1 and 12, is 
grounded, that point is at zero volts. -The 
top of R1 is its high potential side, and 
will be + 100 volts. The bottom of R 2 
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will be - 100 volts. The bottom of R 3 is 

100 volts lower than the junction of-S 2 
and R3 (- 100 volts), and thus will be 
-200 volts. These voltages are all with 
respect to the ground point. 

Fig. 30-1 b and c illustrate how the 
voltages will change if one of the re-
sistors changes value. Fig. 30- lb shows 

the output voltages when the bottom of 
R 2 is shorted to ground. Now, only R1 
and R are in the bleeder circuit. Since 
R 1 and R3 are of equal size, one-half of 
the total voltage of 300 volts, or 150 
volts, will appear across each. The bot-
tom of R1 and the top of R3 are at zero 
volts. The other ends of R and R will 

3 
each have a potential of 150 volts from 
ground— the high end of R at +150 volts 
and the low end of R3 at - 150 volts. 

Fig. 30-1 c shows how the output volt-
ages could change from their normal value 
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due to an increase of resistance. It is 
important to note that an increased bleeder 
resistance on one side of ground can cause 
a lower voltage on the other side of the 
ground point, producing an abnormally 
low voltage, as in the case of a short. If 
R is increased from its former 2,000-ohm 
size to 4,000 ohms, the voltage division 
will be as shown in Fig. 30-1c. The bleeder 
circuit now consists of one 4,000-ohm 
resistor (R i) and two 2,000-ohm resistors 
(R 2 and R 3)• The total voltage, 300 volts 
appears across a total resistance of 8,000 
ohms, or 37.5 volts across each 1,000 
ohms of resistance. R 1, which is 4,000 
ohms, will have 150 vorts across it, with 
the top end at +150 volts since its lower 
end is at ground potential. R." which is 
2,000 ohms, will have one-half the volt-
age of R 1, or 75 volts, across it. Since 
the top of R2 is grounded, the bottom will 
be 75 volts below ground, or -75 volts. 
R3 will also have 75 volts across it, with 
its bottom end at - 150 volts with respect 
to ground. 

From the foregoing discussion and il-
lustrations, we can make the following 
statement. In a power supply producing 
both positive and negative voltages and 
in which the total voltage remains the 
same, then: 

a. If the B plus increases or the B minus de-
creases, either a resistance on the positive side of 
the bleeder has increased, or a resistance on the 
negative side has decreased. Decreased resistance 
may result from a short circuit or partial short. 

b. If the reverse occurs, with B plus decreasing, 
the opposite must have taken place — a short or 
partial short on the positive side, or an increased 
resistance on the negative side. 

Fig.30-1d shows a voltage divider with 
ground at the bottom, producing all posi-
tive voltages. With a total voltage of 300 
volts and three equal resistors, each re-
sistor will have 100 volts across it. As-
suming as before that electrons are flow-
ing upward, the top of R 3 would be at 
+100 volts; the top of R2 would be 100 
volts higher, or +200 volts; and the top 
of R would be another 100 volts higher, 
or +300 volts. 

In Fig. 30- lei the same divider is shown 
with one section shorted, leaving only 
R 1 and R3 in the circuit. Since these two 
resistors are of equal value, the applied 

300 volts will divide equally between 
them, giving 150 volts across each. The 
bottom of R 3 is at 0 volts; the top of R3 
and the bottom of R 1 are at 150 volts, 
and the top of R1 is at 300 volts. 

In Fig.30-1 f the voltages are again 
different, since R 2 has been increased 
to 4,000 ohms. The total voltage of 300 
volts again appears across a total re-
sistance of 8,000 ohms, and again pro-
duces 37.5 volts across each 1,000 ohms. 
R3' which is 2,000 ohms, will have 75 
volts across it; its top end being +75 
volts, since its lower end is grounded. 
R.), which is 4,000 ohms, will have 4 x 
3/.5 or 150 volts across it, making its 
top end +225 volts with respect to ground. 
R 1' which is 2,000 ohms, will also have 
75 volts across it, making its high end 
+300 volts with respect to ground. From 
Fig. 30-1 d, e and f, we can state these 
conclusions: in a power supply producing 
positive voltages only, and in which the 
total voltage remains the same: 

a. If a voltage tapped off the bleeder has increased, 
either a resistor between this voltage point and ground 
has increased, or a short or partial short has occurred 
between this voltage point and B plus. 

b. If a voltage tapped off the bleeder has decreased, 
either a short or partial short between that voltage 
point and ground has occurred, or a resistance between 
that voltage point and B plus has increased. 

Note the these conclusions (a and b) 
are the reverse of each other. 

All the foregoing examples assume 
that the total voltage across all the re-
sistors remained constant at 300 volts 
(usually a correct assumption) — while 
the individual "tapped-off" voltages 
changed. In Fig.30-la the tapped-off volt-
ages range from -200 to + 100 volts; in b and 

from -150 to +150 volts. In each case, 
however, the total voltage across all the 
resistors remained at 300 volts. 

The effect of'incorrect voltage divi-
sion in a receiver's operation depends 
upon which stages are connected to the 
changed voltages. This, of course, varies 
in different receivers. Since it is not 
generally possible to associate specific 
symptoms with abnormal voltages at the 
individual taps, many technicians make 
it a practice to measure these voltages 
as a routine check whenever a faulty 
chassis is removed from its cabinet. 
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As an example of the effect of abnor-
mal voltage distribution in a receiver, let 
us consider the voltage divider of a TV 
chassis as shown in Fig. 30-2, having a 
total voltage across it of 375 volts. Assume 
the roaximum negative voltage of - 100 volts 
is shorted to ground. 

to low befogs 
«toff.. slog* 

R8 

R+ 

+275 V 

+135 V 

2V 

(locus cod) 

Fig. 30-2 

The effects on the receiver's operation 
of the - 100 volts shorting to chassis 
ground would be: 

a. Distorted sound, since the audio-output tube's 
bias of - 18 volts is removed 

b. Maximum brightness which cannot be reduced, 
due to the lack of kinescope bias. 

C. Maximum picture strength which cannot be de-
creased, because the bias on the first three picture 
i-f amplifiers and the video amplifiers is now zero. 

d. Picture out of sync, due to overloading in the 
video amplifiers and the lack of bias on the sync 
amplifier and separator. 

Incomplete Filtering. In general, in-
complete filtering may have two principal 
effects on the performance of a receiver. 
These are: 

a. Hum may be introduced into sound and picture, 
because the ripple or variation of d-c voltage in the 

18 V rectifier's output has not been sufficiently smoothed 
out. 

b. Signals from one section of the receiver may be 
fed to another section where they do not belong. This 
is caused by the signal appearing across the B plus 
supply, instead of being shorted to ground through 
the power supply condenser. 

How incomplete filtering might cause 
ioo v a signal to be fed into the wrong circuit 

is shown in Fig. 30-3. 

This short will reduce all negative 
voltages to zero. The negative voltages 
in this receiver are used as follows: - 18 
volts for the grid of the audio-output 
stage, - 100 volts bias for the kinescope; 
-2 and - 18 volts bias for picture i-f and 
video amplifiers, and for the sync sepa-
rator and sync amplifier. 

With the - 100 volt point grounded in 
Fig. 30-2, no rectified current can flow 

through R6, L R5' R4 or 11 1. The cur-
rent, short-circuited via the dotted line, 
continues through R 2 and R i. The total 
voltage is now developed across Ri and 
R2 alone, instead of across all the re-
sistors. The total voltage was 375 volts, 
from - 100 to +275 volts. With the - 100 
volts no longer present, and the total 
voltage remaining the same, the positive 
voltage at the top of Ri now becomes 
+375 volts. Circuits such as the deflection 
amplifier stages can operate in spite of 
such a short, since they use the - 100 
volts only as a return connection, to ob-
tain - the full amount of the rectifier's 
output voltage. The plate-to-cathode 
voltage in these circuits would remain 
375 volts. 
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Fig. 30-3a shows a properly operating 
power supply, with B plus connected to 
the vertical oscillator and to the audio 
amplifier. The signal from the vertical 
oscillator is bypassed to ground by the 
output filter condenser C1. The signal is 
thus prevented from appearing in the B 
plus voltage. 

Fig. 30-b shows C1 open. Now the 60 

cycle vertical oscillator signal will not 
be bypassed to ground, but will appear 
at the B plus point. It will then be ap-
plied to the plate of audio amplifier tube 
No. 1 and be coupled to the grid of tube 
No. 2, as shown in the diagram by the 
dotted line. The resulting sound from the 
speaker is called " sync buzz". 

It is possible for other circuits to 
feed their signals into wrong stages, as 
well as the vertical oscillator just de-
scribed. An example to illustrate this 
stray coupling is found in the RCA 8T241 
receiver series, in which the power 
supply produces negative and positive 
output voltages. Suppose that the con-
denser from B minus to ground opens. 
The vertical oscillator signal feeds into 
the audio amplifier to produce the audible 
buzz. The horizontal oscillator also 
couples its signal into the kinescope 
grid. This produces a black vertical bar 
on the left side of the raster, which is 
present with or without the picture. Fig. 
30-4 shows this condition on a kinescope 
screen. 

Fig. 30-4 

Other symptoms may also appear, 
such as weak or unsteady vertical syn-
chronization and sound still audible with 
the volume control turned down. 

These multiple symptoms serve to 
illustrate that when a receiver fails to 
perform several of its normal functions, 
trouble in the power supply is indicated. 

Motorboating. This term denotes a 
pulsation, occurring at a very low repe-
tition rate, that may occur in the sound 
or the picture. It is a form of oscillation 
due to feedback. This feedback takes 
place in much the same way that a signal 
is fed from one circuit to another when a 
filter condenser opens. 

Motorboating in the audio circuits ac-
tually sounds like the " putt-putt" of an 
outboard motor. In the video circuit, the 
picture flickers at a low rate. Incomplete 
power supply filtering is one cause of 
this condition. 

Troubles in the Power Supply. In.local-
izing a trouble in the power supply, there 
are four main possibilities: the total d-c 
output voltage is low or zero, the divided 
d-c output voltages are not correct, there 
is trouble in the a-c input to the rectifier, 
or there is trouble in the filament circuit. 
These are discussed in the following 
four sections. 

TROUBLES IN THE TOTAL D-C OUTPUT 

30-2. These include absence or low 
value of B plus voltage output from the 
rectifier. 

No D-C Output. Absence of a-c power 
input would, of course, prevent the power 
supply from producing a d-c output volt-
age. An open circuit in the filter would 
have the same result. A voltmeter check 
can isolate the trouble. However, before 
the chassis is removed from the cabinet 
two possible causes should be checked: 

a. The rectifier tube should be replaced, because 
if it is not conducting, d-c output could not .be pro-
duced. 

b. The loudspeaker must be connected if its field 
coil is used as the filter choke. Otherwise, the power 
circuit will be open. 
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Fig. 30-5 

Fig.- 30-5 illustrates how to use a 
voltmeter to.isolate an open point in the 
power supply circuit. The primary and 
secondary voltages of the power trans-
former must be checked with an a-c meter. 

The voltages to the right of the rectifier 
in the figure are all d-c and must be 
checked with a d-c voltmeter. The d-c 
voltages should be measured to ground, 
since the bleeder is grounded. In most 
sets, ground is the chassis; in others, 
a common ground bus is used. In the 
latter case, the d-c voltages should be 
measured with respect to this common 
ground lead and not to the chassis. 

Note that in checking with the volt-
meter, the positive meter lead is always 
connected to the more positive of the 
two points to be measured. For example, 
point A in Fig. 30-5 is more positive than 
ground; therefore the positive lead of the 
meter is attached to point A and the nega-
tive lead to ground. Point C, however, is 

negative with respect to ground; therefore 
the positive lead of the meter is attached 
to ground and the negative lead to point 
C. 

The table of Fig. 30-5 illustrates which 
voltages will be missing for various de-
fects. For example,in the first case given, 
the open speaker field or filter choke 
will prevent any current flow through the 
bleeder. Points A and C will then be at 
ground voltage or zero. Point D, which is 
connected to point C, will also be at 
ground potential. The conducting rectifier 
tube will charge input filter condenser 
C and there will then be a difference of 1, 
potential across C1 — between points 
B and D. Since point D is connected to 
ground through RI, a voltmeter between 
point B and ground is across C1 and R1 
and reads the condenser voltage. 

An open secondary in a full- wave 
rectifier power supply may not have the 
same effect as in a half-wave circuit. For 
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example, if the secondary of Fig. 30-6 
should open between points 51 and Y, the 
upper half would continue to work. The 
top diode VI would continue to produce a 
d-c output, while V2 would not. This 
would result in a reduced output voltage. 

VI 

Fig. 30-6 

output to 

filter and 
bleeder 

If an open occurred at the center- tap, 
point Y, there would be no d-c output 
voltage, since the conducting path for 
both tubes would be open. This would be 
similar to the result of an open secondary 
in a half-wave rectifier. 

Low Total Output. A decreased value 
of the total B plus output voltage is 
caused by one of three conditions: 

a. Low a-c input voltage. 
b. Increased resistance in the rectifier 

tube or selenium rectifier. 
c. Partial short across the d-c output 

voltage. 

Low A-c Input. The effects of the first 
condition, low a-c input voltage, are 
shown in the table of Fig. 30-7 for a 
typical 16 inch receiver. Data inthis table 
was obtained by gradually reducing the: 
a-c input voltage and recording the effect 
on the reproduced picture and sound due 
to the decreased d-c output voltage. The 
effects are the same when the d-c output 
voltage decreases from causes other than 
reduced a-c input. 

Note that the first effect of smaller 
d-c output voltages is a reduced raster 
or picture size. The sound is not affected 

A-C IN 8+ SYMPTOMS 

110 v. 385 v. Normal 

105 v. 355 v. Vertical size reduced I/4 inch 
Horizontal size reduced V4 inch 

100 v. 340 v. Vertical size reduced 1/2 inch 
Horizontal size reduced 1/2 inch 
Slightly out of Focus 

95 y• 320 v. Vertical size reduced 1 inch 
Horizontal size reduced 1 inch 
out of Focus 

90 v• 300 v. Vertical size reduced 1 inch 
Horizontal size reduced 2 inches 
Out of Focus 
Brightness Dim 

85 v. 265 v. Vertical size reduced 2 inches 
Horizontal size reduced 3 inches 
Out of Focus 
Brightness very dim 

80 v. 240 v. No Brightness 
Sound volume low 

65 v. 120 v. No Brightness 
No sound 

Fig. 30-7 • 

until the voltage has decreased consider-
ably. Once the voltage drops below some 
low value,there is no sound or brightness. 
This illustrates what we said at the 
beginning of this troubleshooting section: 
that no sound and no brightness indicates 
that there is no B plus. 

Rectifier Internal Resistance. When 
the rectifier's internal resistance in-
creases, because of a weak rectifier tube 
or a bad selenium rectifier, the total d-c 
output voltage is reduced. This is il-
lustrated in Fig . 30-8. 

rectifier's 
internal resistance 

Fig. 30-8 

load 
resistance 

Here we see a series circuit, with an 
a-c voltage applied to two resistors. One 
resistor represents the rectifier tube's 
internal resistance; the other represents 
the load resistance, comprising all the 
circuits using the d-c voltage. 
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This a-c voltage, converted into d- c, 
divides across the rectifier's internal 
resistance and the external load resist-
ance. The voltage across the load resist-
ance is the d-c output voltage. 

The conductivity of the rectifier tube 
determines its internal resistance. If it 
conducts less readily, its internal resist-
ance is increased. A weak rectifier tube, 
or one with too low a filament voltage, 
will not conduct as well, and thus has 
increased internal resistance. If the rec-
tifier's internal resistance is increased, 
more voltage is developed acrcss it, 
leaving less voltage across the load re-
sistance. This would produce a smaller 
total d-c output voltage, and its asso-
ciated trouble symptoms. 

Disc-type rectifiers, such as selenium 
or copper oxide, may develop high resist-
ance, with similar symptoms. 

Partial Short across the Output. A 
partial short across the d-c output circuit 
decreases the load resistance, resulting 
in less voltage developed across it. The 
total d-c output may also decrease. De-
creasing the load resistance has the same 
result as increasing the rectifier's internal 
resistance as far as voltage distribution 
is concerned. 

It was pointed out earlier that a partial 
short across the output may result in 
changed individual voltages without nec-
essarily changing the total d-c voltage. 
Whether or not the total voltage changes 
significantly depends upon the voltage 
regulation of the power supply, which is 
a measure of the ability of the power 
supply to maintain its d-c output voltage 
when the load current increases (the load 
resistance decreases). 

Dead Short. A "dead short" or zero 
resistance across the power supply usual-
ly produces very definite results. If there 
is no fuse in the receiver, the plates of 
the rectifier glow a reddish color; the 
glass envelope may break; selenium rec-
tifiers break down and emit a strong 
"rotten egg" odor; power transformers 
and filter chokes overheat, smoke and 
buzz loudly; house lights on the same 

line as the receiver may become dim and 
the house fuse may "blow". Because of 
these unmistakeable symptoms, a dead 
short was not included in the previous 
discussion of no output voltage, although, 
of course, the output drops to zero. 

A complete plate to cathode short 
inside the rectifier tube will give the 
same symptoms as a short across the 
power supply. The 60-cycle a-c voltage 
from the secondary "sees" a very low 
impedance, made up of the shorted recti-
fier and the large filter condenser. The 
excessive current may damage the trans-
former and the rectifier. The tube can be 
checked before the chassis is removed 
from the cabinet. A visual inspection 
may show the short in a glass tube or an 
ohmmeter check can be made. 

A shorted rectifier tube may have been 
caused by a short elsewhere in the circuit. 
When turning on a receiver after replacing 
a shorted rectifier, if the plates start 
glowing red, or the transformer starts 
buzzing, switch the set off immediately. 

A dead short can damage the power 
transformer; excessive current heating 
the wires may destroy the insulation be-
tween turns and allow them to become 
shorted. When this happens, the trans-
former continues to smoke and overheat 
even after the dead short has been found 
and removed. To determine whether or not 
the transformer has been damaged, an 
ohmmeter check can be made. In the case 
of a center-tapped secondary in full-
wave circuits, the exact resistance of the 
secondary need not be known. Shorted 
turns are indicated when the resistances 
of each half of the secondary are appre-
ciably unequal. ( They may be unequal by 
about 5% normally.) 

A dead short can be localized to either 
the input or the output section of the 
rectifier by removing the tube. This dis-
connects the input and output circuits of 
the power supply. The receiver is then 
switched on. If the symptoms have dis-
appeared, the short is in the output. If 
they reappear, the trouble is in the input. 
If the symptoms reappear, the receiver 
must be switched off immediately to pre-
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vent further damage to the transformer and 
to avoid blowing the house fuse. 

,Fig.30-9illustrates the use of an ohm-
meter to find the exact location of a short 
across the power supply. The diagram is 
slightly irregular — the bleeder is not 
shown at the extreme right, but follows 
the placement of these components on the 
chassis. 

meter reads 
zero ohms 

rectifier tubes, selenium rectifiers, and 

filter condensers. Although bleeder re-
sistors are also connected across the 
power output, they are unlikely to short. 

TROUBLES IN THE DIVIDED D-c OUTPUT 

30-3. When the output voltage has be-
come reapportioned incorrectly, as shown 

continue towards 

meter reads 
high resistance 

rectifier 
start 
here 

dead short 
(across output) located 

when A is opened when Bis opened = between A-B 
when Al& B is opened— when Cis opened = between B-C 

Fig. 30-9 

The ohmmeter is set at the lowest 
scale and connected across the output of 
the rectifier, as shown in the d,iagram. 
The meter indicates the presence of a 
short circuit by reading zero ohms. While 
the meter remains connected across the 
output, the short is located as follows: 

a. The circuit is opened at the end opposite from 
the meter connection — point A in the diagram. If the 
meter now reads a much larger value, the short is 
located to the right of point A (between point A and 
the rest of the B plus wiring). 

D. it the meter continues to reae zero ohms, point 
A is resoldered and a second point, closer to the 

meter, is opened — point B in the diagram. If the 
meter reads a much larger value, the short is located 
between points B and A. 

C. If the meter continues to read zero ohms, point 
B is resoldered and a point still closer to the meter 
is opened. This procedure is repeated until a point 
is found at which a much larger value is read on the 
ohmmeter. The short is located between this point 
and the last-opened point at which zero ohms was read. 

In general, a short circuit can occur 
in two ways: 

a. Within a component, such as a tube or condenser. 
b. As a result of a wiring defect which results in 

the accidental joining of two normally separated 
points. 

Power supply components that could 
cause shorts, or the same effects as 
shorts, across the power supply, are: 

8 + 

by a voltmeter, this indicates that a 
bleeder resistor or the load for part of the 
bleeder has changed value or become 
shorted. 

Changed Value of Bleeder Resistance. 
An ohmmeter is completely effective in 
locating a faulty resistor when the tapped 
bleeder voltag es have changed. However, 
there are cases in which the voltages have 
become incorrectly divided, yet the 
bleeder resistors are not at fault. These 
instances will now be discussed. 

Equivalent of Changed Bleeder Re-
sistance. Even though the bleeder re-
sistors themselves have not changed 
value, a parallel load may change its 
value, which has the effect of a change 
of bleeder resistance. 

A decreased current, flowing in paral-
lel with the bleeder from one tap point to 
another, will have the same effect on the 
voltages as if the bleeder resistance 
between these points had increased. No 
resistance change could be detected by 
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Fig. 30-10 

an ohmmeter, yet the voltages would have 
become incorrectly divided. 

Fig. 30-10 shows how decreased load 
current between two taps on the bleeder 
can cause incorrect division of the volt-
ages, without an actual change in the 
bleeder resistance. Fig. 30-10a is part of 
the schematic diagram of a typical TV 
receiver showing the audio output stage 
and the power supply bleeder. The audio 
tube is connected across part of the bleeder 
through the speaker plug. F ig. 30-10b shows 
the same diagram, slightly simplified . The 
6K6 current flows up through the lowest sec-
tion of the bleeder — the three parallel 
resistors 12K, 12K and 15K — to the +120 
volt tap, then up through the cathode bias 
resistors ( 390 ohms and 100 ohms). The 
current continues through the tube, from 
cathode to plate and screen, up through 
the 470-ohm decoupling resistor to the 
+375 tap. Therefore, the tube's current 
is part of the total current between points 
A and B. 

If the tube should become inoperative, 
or if the chassis is removed from the 
cabinet and operated without the speaker, 
no plate or screen current could flow. As 
a result, the amount of current flowing 
between points, A and B in Fig. 30-10 is 

30-11 

315V 

120V   
to 60V d speck , 
01 not connected 

60V 

SIMPLIFIED CIRCUIT FOR (a) 

(b) 

reduced.This is equivalent to an incrcased 
resistance betwe en A and B, which causes 
the reduced voltage from point A to ground. 

We said before that in a power supply 
producing only positive voltages, if the 
voltage at a tap decreased, it could in-
dicate that the . bleeder resistance be-
tween that point and B+ had increased. In 
this example, the 120+ volt point dropped 
to +60 volts, but not because of a change 
in the bleeder itself. 

In this receiver the +120 volt tap is 
used as B+ for the sync amplifier. When 
this voltage decreases, the horizontal and 
vertical synchronization of the picture is 
weak; the picture rolls and tear-z. ..1(;re 

easily than under normal conditions. 

Open Bleeder Resistor. An open bleeder 
resistor does not reduce the output volt-
ages to zero, since the current will flow 
through any load that parallels the bleeder. 
Fig. 30-11 shows an open bleeder resistor 
with a vacuum-tube load across it. 

The current would flow in the path 
inaicated by the dotted arrows. Point A 
would be at a positive potential and point 
B would be at a negative potential, al-
though neither would be the correct volt-
age value. 
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Fig. 30-11 

Shorted Bleeders. A short circuit across 
part of the bleeder circuit is rarely if 
ever the fault of any resistor itself, since 
resistors themselves seldom short. The 
short circuit usually develops in the cir-
cuits connected to the bleeder taps. 

8+ 

—X— • poinf opened for test 
end reconnected 

tube 

mrong of voltage 
dtstrobution system 

Fig. 30-12 

E 
tube 

Y ; short 

tube 

tube 

Fig. 30-12 illustrates the method of 
finding such a short using an ohmmeter. 
The ohmmeter is connected at the point 
of the bleeder which shows the short 
circuit to ground. This is point Z on the 
bleeder in the diagram. Note that the 
short actually exists at point Y. The 
process of lo ca t in g the short is as 
follows: 

a. The wiring is opened at point A. When the ohm-
meter continues to indicate the short, this point is 
reconnected. 

b. Point B is then opened. The meter no longer 
shows a short from point Z to ground; this indicates 
that the trouble exists somewhere between points A 
and B. Point B is resoldered. 

C. Point C is opened. Since the meter again stops 
showing a short, the trouble exists somewhere in the 
direction of B to C (not between B and C). C is re-
connected. 

d. Mother point in this direction is opened — point 
D. Again the short indication on the meter ceases, 
showing that the trouble is in the direction of B to C 
to D. Point D is reconnected. 

e. Point E is opened up. If the meter continues to 
show the short, the trouble lies between points D and 
E. 

f. The ohmmeter may then be moved from bleeder 
point Z to help find the short to ground between points 
D and E. 

The B minus voltage can become 
shorted to ground through a filament-to-
cathode short inside a tube that has its 
cathode connected to B minus. We are 
assuming that one end of the filament is 
grounded, which is the usual case. Fig. 
30-13 illustrates this: 

8+ 

e-

Fig. 30-13 

This type of B minus short will be 
indicated by an ohmmeter reading, from B 
minus to ground, of about 3 ohms or less, 
but not quite zero. The reading is filament 
resistance. With this type of indication, it 
is possible to save time by checking all 
tubes the cathodes of which are returned 
to B minus. The trouble is found when the 
meter reading returns to normal after one 
of the tubes is removed from its socket. 

As an example consider the circuit in 
Fig. 30-2 when B minus becomes shorted 
to ground. The resulting symptoms were 
previously described under "Incorrect 
Voltage Divider Output". Among them are 
maximum, non-variable brightness and dis-
torted sound. The vertical oscillator would 
not seem to be associated with these 
symptoms, but this tube with its cathode 
tied to B minus could be the cause. A 
filament-to-cathode internal short in the 
tube shorts B minus to ground and pro-
duces all the symptoms described. 
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Equivalent of Shorted Bleeder Resist-
ance. An increase of current flowing in 
parallel with the bleeder, from one tap to 
another, will have the same effect on the 
voltages as if the bleeder resistor between 
these points had become partially shorted. 
This condition might result from increased 
conduction in a tube. The bleeder volt-
ages become incorrectly divided, yet an 
ohmmeter does not show a partial short 
since the effect is present only when 
power is applied to the receiver. 

Fig.30-14illustrates this condition. 

Fig. 30-14 

Tube B, connected from point X to 
ground, will conduct very heavily if the 
coupling condenser from tube A becomes 
shorted. This heavy current flow will 
cause the voltage at point X to decrease. 
This will have the same effect as if R1 
and R2 had become partially shorted. 

TROUBLES Y I TH THE A -C INPUT. 

30-4. These troubles include a low value 
of a-c input voltage to the rectifier, an 
open or short in the input of the power 
transformer, a shorted ON-OFF switch, 
and a "hot" chassis caused by the high 
potential side of the a-c line becoming 
shorted to the chassis. 

Low A-c Input Voltage. The effects of 
low a-c voltages were shown in the table 
of Fig.30-7. It may be useful to remember 

30-13 

that when some of these symptoms appear 
at certain times of the day, they may be 
due to a line voltage change rather than 
a faulty receiver. For example, the raster 
may become a little smaller in the eve-
ning. This could be caused by the a-c 
line voltage decreasing, due to the in-
creased load of electric lights. 

Opened or Shorted Input Circuit. An 
ohmmeter can be used to test the con-
tinuity of the receiver's power input cir-
cuit while the chassis is still in its 
cabinet. This check, whieh can indicate 
an open or a short, is useful under the 
following conditions: 

â. When the set is completely dead and it is 
desired to check for an open circuit. 

b. When the set causes the house fuse to blow and 
it is desired to check for a short circuit. 

Fig. 30-15 shows the ohmmeter used to 
test the power input circuit. 

Normally, with the switch closed (in 
the ON position), the ohmmeter reads the 
low resistance of the primary winding. If 
the ohmmeter reads maximum ohms with 
the switch ON, an open exists in the 
primary, either in the primary winding or 
the input wiring. 

When the switch is open (in the OFF 
position), the ohmmeter normally reads 
maximum ohms. If the ohmmeter reads low 
resistance with the switch OFF, there is 
a short in the wiring of the input circuit. 
This test does not show the presence of a 
short in the primary winding itself be-
cause, with the switch in the OFF posi-
tion, the primary is not connected to the 
meter. 

These tests are summarized in Fig. 
30-15. 

Shorted ON-0 FF Switch. A short across 
the power switch prevents turning the set 
off. This can be seen from Fig.30-15, 
where a shorted switch, point S, -results 
in a closed circuit regardless of the. posi-
tion of the switch. This would not be a 
short across the input line, since the 
switch is in only one side of the line. 

A short across the switch might occur, 
for example, if the metal cover of the 
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power switch ohmmeter indicates 
position reading  

"on" maximum ohms = open circuit 
on„ trans. primary — no defect 

resistance 
"off" —4— minimum ohms — short circuit 
"off" maximum ohms — no defect 

interlock 

AC line cord 

Fig. 30-15 

switch unit became loose and shorted 
across the switch terminals. This is il-
lustrated in Fig. 30-16. 

Fig. 30-16 

"Hot" Chassis. In most a-c house 
wiring, one side of the line is connected 
to actual earth ground. This side is called 
the cold side of the wiring. The other side 
is called the " hot" side, because it is 
at a high potential with respect to ground. 
If this hot side of the wiring becomes 
shorted to the chassis of the receivet, the 
chassis will also become "hot". Fig. 
30-17 illustrates this condition. 

à 

o 

oft 

power switch 

— 1 

on 

J 
S 

Irons former 

Between the chassis and earth ground 
there is a potential of 110 volts a-c. An 
a-c voltmeter connected between the 
chassis and a house water pipe will read 
this voltage. If this hot chassis were con-
nected to earth ground, there would be a 
short circuit across the house wiring and 
the house fuse would blow. 

If the wall plug, P in Fig. 30-17, were 
reversed, the cold side of the line would 
touch the chassis. Since the cold side is 
at earth ground, the chassis would no 
longer be hot. When a chassis is hot there 
is always a danger of shock. 

Some folded-dipole antennas are elec-
trically connected to the metal mast, 
which may be grounded to earth. The 
antenna coil inside the set is connected 
to the chassis, as shown in Fig.30-17.The 
chassis is therefore connected to earth 
ground, and :f tii. chassis is hot, the 
house fuse v, LlJw. 
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Fig. 30-17 

Some lightning arrestors consist of two 
neon bulbs, one connected from each side 
of the transmission line to earth ground 
(Fig. 30-17). A hot chassis could cause 
these neon bulbs to " fire" (ionize the 
gas making the tubes conduct). This 
would have the effect of a short across 
the transmission line and result in weak 
picture and sound. 

In another electrical wiring system, 
not widely used, each side of the line is 
55 volts different from earth ground. In 
this system, reversal of the wall plug 
would have no effect. 

TROUBLES IN THE FILAMENT CIRCUIT. 

30-5. Opens and shorts are the princi-
pal troubles in filament circuits. 

Open Filament Circuits. An open cir-
cuit in the hot leg of parallel-connected 
filaments is readily localized. The open 

antenna 

coil 

is located between the last lighted fila-
ment and the first unlighted one, as il-
lustrated in Fig. 30-18. 

to 
power 
transformer 

occidental open circuit 

lighted unlighted 

Fig. 30-18 

When only one or 
connected filaments 
must be in the wire 
particular filament. 
filament •• l r 
either point ì 

a string of parallel-
is dark, the open 
routed only to that 
assuming that the 

at This is 
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To determine open is at 
the hot side or the cold side of the fila-
ment circuit, an a-c voltmeter can be 
used, as in Fig. 30-196. 

a. When the meter is connected from point H (hot 
leg) to chassis, it should read the 6.3 volts a-c 
whether the tube is lit or not, if the open is at point 
G or point I. 
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(a) 

hot leg 

Fig. 30-19 

b. To check for an open on the grounded side. 
place the voltmeter at the ?rounded filament pin. If it 
gives a reading, the open is at point G. 

C. To check for an open on the hot side, place the 
meter at the hot pin. If it reads zero, the open is at 
point I. 

When the open is intermittent, the 
effect on receiver performance appears 
and disappears, corresponding to the slow 
cooling and warming of the filaments. 

Shorted Filament Circuit. A short in 
the filament circuit can cause destruction 
in the receiver. Since the voltage stepdown 
filament winding of the power transformer 
can deliver heavy currents without blow-
ing the house fuse, the wires carrying 
filament current become badly overheated 
and may even glow red hot. The insulation 
burns, and adjacent components become 
scorched. The copper wire itself may be 
ruined, becoming very brittle. This de-
struction may be avoided if the receiver 
is switched off as soon as large quantities 
of smoke is seen. 

The short is located at the point in 
the wiring where the streak of destruction 
terminates. Fig. 30-20 shows a photo of 
damage caused by a short in the filament 
circuit. 

short to ground 

6.3v. applied between 

this terminal and ground 

Fig. 30-20 

Low Filament Voltage. Low Filament 
voltage is usually due to a high-resistance 
connection. Since the filament resistance 
itself is very small, the addition of only 
a few ohms in series with it will material-
ly reduce the voltage appearing across it. 
A faulty connection, such as an unsoldered 
joint which becomes dirty, or a badly-
soldered joint, will add resistance and 
prevent a filament from reaching its cor-
rect operating temperature. 

A bad connection in the hot leg of 
filament distribution wiring is character-
izèd by a decreased filament voltage at 
several tube sockets. 

A faulty connection in the ground side 
affects only the filament with this bad 
joint. In this case, the voltage at the hot 
side of the filament reads normal, but at 
the ground side some voltage is present 
where none should exist. 

HUM TROUBLES 

30-6. The power input supplied to the 
television receiver is 60-cycle a-c. It is 
changed to d-c in the low-voltage power 
supply, and the d-c component is dis-
tributed to all the amplifier and oscillator 
circuits in the receiver. The 60-cycle a-c 
power is also used to heat the filaments 
of all the tubes in the receiver. 

The various amplifier circuits in the 
receiver are capable of amplifying 60-cycle 
a-c voltages. If the 60-cycle a-c voltage 



Types and Causes of Hum 

accidentally is coupled to the input of 
one or more of these amplifiers, undesired 
effects are produced in: 

a. the picture 
b. the sync 
C. the raster 
d. the sound 
e. any combination of these 

When a-c voltage from the power line 
is present in the sound circuits, it is 
referred to as "hum", because of the 
sound. The effect of unwanted a-c voltage 
upon the picture or raster is of course not 
audible, but for convenience is also called 
"hum". The visible effects may be: 

a. ripple in the side of the picture 
b. ripple in the side of the raster 
C. one or two dark horizontal bars in the picture 
d. one or two dark horizontal bars in the raster 
e. any combination of these 

TYPES AND CAUSES OF HUM 

3 0-7. From a service point of view, the 
term "hum" does not include all sorts of 
extraneous noises; the word generally re-
fers to the effects of power line frequency 
getting into circuits where it should not 
be. 

60. and 120-Cycle Hum. The a-c volt-
age used to heat the filaments has the 
same frequency as that applied to the 
receiver input — 60 cps. The frequency of 
the ripple in the d-c output of the low 
voltage power supply is the same frequency 
as the a-c power input (60 cps) if the 
power supply uses a half-wave rectifier. 
The ripple frequency is double the a-c 
input frequency — 120 cps — if the power 
supply uses a full wave rectifier. There-
fore, hum voltages at both 60 cps and 120 
cps are present in receivers that have full 
wave rectifiers; 60-cycle filament volt-
age, and 120-cycle ripple in the d-c 
voltage. 

In receivers using half-wave rectifiers, 
only 60-cycle hum voltage is present; 60-
cycle filament voltage and 60-cycle ripple 
in the d-c voltage. 

The 60-cycle hum causes one ripple 
in the side of the raster or picture, and 
one dark bar in the picture. 120-cycle hum 
causes two ripples and two bars. The 
number of ripples or bars is determined 

30-17 

by the relationship between hum frequ.ency 
and field repetition frequency (vertical 
deflection frequency). Figure 30-21 illus-
trates this relationship. The television 
field repetition frequency is 60 cps; that 
is, a new field is completed every 1/60 
second. The 60-cycle hum contains one 
complete cycle in 1/60 second. This is 
why it causes one complete ripple or one 
dark bar in the raster. (The raster is dark 
during the time the hum cycles are nega-
tive at the kinescope grid.) The 120-cycle 
hum contains two complete cycles in 1/60 
second. Therefore, it causes two ripples 
or bars. Fig. 30-21 illustrates how one or 
two ripples in the kinescope can be pro-
duced by 60- or 120-cycle hum. In either 
case, if vertical retrace occurs during a 
bar, it will appear as a half-bar at the 
bottom of the raster, with the other half 
at the top. This should be remembered, so 
that if you find two narrow bars, at the 
upper and lower edges, you will recognize 
them as actually being the two halves of 
a single bar. 

roster 

one 
field 

(0) 60 cycle hum 

roster 

one 
field 

(b) /20 cycle hum 

Fig. 30-21 

hum In 
roster 

hum in 
roster 

In summary, hum is present in the 
receiver in two forms and at two fre-
quencies, as follows: 

a. A-c filament voltage at 60 cps. 
b. Ripple in the d-c supply voltages at 

1. 60 cps for half-wave rectifiers 
2. 120 cps for full-wave rectifiers 

It should not be supposed that hum, 
combined with the vertical deflection 
sawtooth, causes bars or ripples in the 
raster. The relationship between vertical 
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deflection frequency and hum frequency 
determines only the number of bars or 
ripples, when, the hum is present in the 
video signal and horizontal deflection 
circuits. Hum voltage in the vertical cir-
cuits causes non-linear vertical scanning, 
or poor vertical sync. 

Hum Caused by Ripple in the d-cVolt-
age. There is always some 60- or 120-
cycle ripple in the d-c supply voltage of 
a television receiver, since perfect filter-
ing is impossible, and this voltage is 
always applied to the various amplifier 
and oscillator circuits as part of the d-c 
voltage required by the circuits for opera-
tion. Norm ally, the 60- or 120- cycle ripple 
is not large enough to be noticed in the 
sound or on the screen. A typical amount 
of ripple for a properly operating receiver 
might be 1 percent. In this case, 200 
volts direct current would contain 2 volts 
of 60- or 120-cycle ripple. 

However, the components in the power 
supply filter can fail in such a way as to 
cause the amount of ripple in the d-c 
voltage to increase. When this happens, 
60- or 120-cycle hum can be heard in the 
sound or seen on the screen. Filter fail-
ures which cause hum are: 

a. Open filter condenser 
b. Shorted filter choke 

These two failures do not alter the 
d-c output of the power supply enough to 
impair the operation of the receiver. They 
do reduce the degree of filter action 
enough to make the ripple voltage increase 
and appear as hum in the sound or on the 
screen. 

Hum Caused by 60-cycle Filament 
Voltage. The 60-cycle a-c filament volt-
age is normally confined to its distribu-
tion circuit. The filament distribution 
circuit has no physical connection to any 
other circuit of the receiver. In order for 
the 60-cycle filament voltage to appear 
as hum in the sound or on the screen, it 
is necessary for a physical connection to 
develop between the filament circuit and 
some other circuit. 

The tubes themselves can fail in such 
a way as to connect the filaments to 
another circuit. An example of this is a 
short or leakage between the filament and 
cathode of a tube. This condition can 
easily occur in a vacuum tube because 
filament and cathode are very close to 
each other. Hum results, since the fila-
ment is connected to the cathode by the 
connection forming the short. 

These unwanted connections or shorts 
can also occur outside the tube, in the 
wiring. At a tube socket, the wire soldered 
to the filament pin may accidentally touch 
the grid pin. In this case no damage to 
the filament circuit results because the 
grid resistor between the accidental fila-
ment connection and ground prevents 
excessive current drain on the filament 
supply. The only trouble caused is hum. 

Hum from the filament voltage can be 
introduced by a short in any section of 
the television receiver. 

HOW CIRCUITS AFFECT HIM 

30-8. Some circuits will respond directly 
to hum frequencies, and some will not, 
but will have an indirect response only. 
By understanding just what does happen 
in the several circuits, you will find it 
much easier to track the trouble down, 
from a given set of symptoms. 

Hum in Circuits which Respond to Hum 
Frequencies. Hum voltage has a direct 
effect upon any circuit which is respon-
sive to the hum frequencies of 60 and 120 
cps. For example, consider an amplifier 
that responds to a frequency range of 
from 30 cps to 10,000 cps. If hum voltage 
were introduced into such a circuit it 
would amplify the hum, since the hum 
frequencies are within the 30- to 10,000-
cps range. If the signal normally ampli-
fied in this circuit were also present, 
both the hum and the signal would be 
amplified. However, the hum would be 
amplified even if no other signal were 
present. If hum is present in any circuit 
capable of responding to the hum fre-
quency, hum will appear in the output, 
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regardless of whether or not another 
signal is present. 

The following circuits of a television 
receiver are. responsive to hum frequencies: 

a. Audio amplifiers 
b. Video amplifiers 
C. Sync.an,plifiers 
d. Vertical deflection amplifiers 
e. Horizontal deflection amplifiers 

Hum in Circuits which do not Respond 
to Hum Frequencies. Hum has no direct 
effect upon circuits which are not respon-
sive to the hum frequencies. However, 
hum can pass through these circuits in 
combination with the signal normally pres-
ent. The hum can then appear in the out-
put, together with the normal signal. For 
example, suppose that hum is accidentally 
applied to a picture i-f amplifier which 
responds to a frequency range of from 

21.25 to 25.75 mcs. The lowest frequency 
here is 21,250,000 cps. The hum frequen-
cies, 60 and 120 cps, are so far outside 
this range, that, with no picture signal 
present, the hum could not be amplified, 
and would not appear in the output. But 
with a picture signal also present, the 
hum would combine with the signal by 
modulating it. The hum would then appear 
in the output together with the picture. 

The following circuits of a television 
receiver do not respond to hum fre-
quencies: 

a. Picture amplifiers 
b. Sound i-f amplifiers 
C. Converter 
d. RF amplifier 
e. Local oscillator 

How Hum Combines with Signal. Hum 
can combine with a higher frequency sig-

signal hum 

and 

(a) addition 

combination 

nal in one of two ways. The two types 
of combination are: 

a. Addition of the hum and signal voltages. 
b. Modulation of the signal by the hum. 

The hum modulation can pass through 
a circuit which does not respond to the 
hum frequency but which does respond to 
the frequency of the signal. When the hum is 
merely added to the signal, the added 
hum cannot pass through circuits which 
do not respond to the hum frequency. Fig. 

30-22 illustrates the waveshape that re-
sults in each case. The type of combina-
tion which will take place in a particular 
circuit is determined as follows: 

a. Modulation occurs if the hum and signal are 
rectified when they combine. 

b. Addition takes place if the hum and signal are 
not rectified when they combine. 

Effect of Hum on Oscillators, Ampli-
fiers and Detectors. In general, hum is 
likely to modulate a higher frequency sig-
nal of an oscillator or amplifier if the hum 
is applied to the grid or cathode. This is 
the case when hum comes from the fila-
ment voltage supply, which can be caused 
by a cathode-to-filament short. Hum is 
likely to add to a higher frequency signal 
of an oscillator or amplifier if it is intro-
duced in the plate circuit. This is the 
case when hum is caused by excessive 
ripple in the plate voltage supply. 

Modulation is probable when hum is 
introduced in grid-cathode circuits, be-
cause there is a tendency for rectification 
to result. Rectification is simply the re-
production of the positive component of 
the signal's waveform with a different 
amplitude than the negative component. 

Fig. 30-22 

signal hum 

and 

(b) modulation 

combination 
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There are two ways in which rectification 
can take place when hum develops in a 
grid-cathode circuit. 

a. Cathode to grid current can flow while the grid 
is positive. This is grid rectification. 

b. The grid bias can be such that the tube's output 
in the plate circuit is not equal for the positive and 
negative parts of the input waveform. This is plate 
rectification. You could call it "lop-sided" ampli-
fication. 

Modulation is not probable when hum 
is introduced by way of the plate supply 
voltage. The ripple voltage would have 
to be a very large percentage of the d-c 
supply voltage before a tube's plate volt-
age could be varied enough to cause 
rectification. 

Modulation will almost certainly occur 
if hum is introduced in the grid-cathode 
circuit of an oscillator. The oscillators 
used in television receivers are usually 
designed to draw grid current ( grid recti-
fication) during normal operation, to pro-
vide the grid leak bias. 

Modulation will almost certainly occur 
if hum is introduced into a detector. De-
tectors are basically rectifiers. Hum due 
to ripple in the d-c supply voltages would 
not be introduced in a diode detector, 
because these circuits do not need B plus 
voltage for operation. Hum introduced in 
a diode detector, therefore, would have to 
come from the filament supply. 

HUM IN THE RASTER 

30-9. By hum in the raster we mean a 
hum symptom that can still be seen in the 
raster even though no picture is present. 

o 

horizontal 
scanning signal 

(a) Ripple in side of raster due to modulation 
of horizontal scanning signal by hum. 

The picture can be removed for a test by 
shorting the antenna terminals together. 
The hum symptoms are: 

a. Bars in the raster 
b. Ripples in the side of the raster 
C. Both bars and ripples 

In each case the hum may or may not 
be heard in the sound. 

Ripple in the Side of the Raster. Ripple 
in the side of the raster is caused by hum 
combined with the horizontal scanning 
signal Each horizontal scanning line is 
produced by a sawtooth waveform applied 
to the horizontal deflection coil. The 
amplitude of the sawtooth determines the 
width of the line produced. Hum in the 
horizontal scanning signal varies the am-
plitude of the sawtooth waveforms which 
make up the scanning signal. The varia-
tions of sawtooth amplitude follows the 
variations of the hum waveform. Since the 
width of the horizontal lines is determined 
by the amplitude of the sawtooth, the 
width of the horizontal lines also varies 
according to the hum waveform. 

The manner in which the raster width 
varies depends upon whether the hum 
modulates the scanning signal or adds to 
it. Fig. 30-23 shows the two types of 
raster ripple and an oscillogram of the 
scanning signals associated with each 
type. Note that in the case of modulation, 
the bulges and indentations on the left 
and right side of the raster are directly 
opposite each other. In the case of ad-
dition, the bulges are opposite the 
indentations. By noting which is the case, 
we can tell whether modulation or addi-
tion is taking place. 

Fig. 30-23 

o 
horizontal 

scanning signal 

roster 

(b) Ripple in side of roster due to addition 
of horizontal scanning signal and hum. 
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If addition is taking place, the hum is 
probably entering the horizontal scanning 

circuit via ripple in the d-c supply 
voltages. 

If modulation is taking place, the hum 

is probably entering via the grid-cathode 
circuits of the receiver's horizontal scan-
ning section. If so, it originates in the 
filament voltage supply system. 

Hum Bars in the Raster. Hum bars in 
the raster are caused by hum voltage at 
the kinescope control grid. The bars 
remain even when there is no picture on 
the raster; therefore, we know that the 
hum is not combined with the picture 
signal. Since the hum voltage exists at 
the kinescope grid with no other signal 
present, the hum must have been intro-
duced in the video amplifier circuits, 
including the kinescope grid. The video 
amplifier responds to hum frequencies, 
and amplifies the hum voltage itself. 

leocalizing Raster Hum. We can make 
use of the information compiled so far to 
work out a system of localizing the cause 
of hum in the raster. 

The first step is to determine whether 
the hum comes from ripple in the d-c volt-
ages or from filament voltages. The fol-
lowing are indications of raster hum 
caused by ripple in the d-c voltages: 

a. Two cycles of hum or tipple ( 120-cycle hum 
frequency). 

b. Bum in the raster and in the sound at the same 
time. 

C. Ripples and bars in the raster at the same time. 

d. Bulges of the raster ripple directly opposite the 
indentations (addition of hum and horizontal scanning 
signals). 

In connection with the first indication, 
however, it is important to note that hum 
in the d-c voltages can be at 60 cps if a 
half-wave rectifier is used. In such a 
case, indications 6, c and d are useful in 
distinguishing filament hum from power 

supply ripple. Here, understanding the 
difference between modulation and addi-
tion is useful, since it makes it possible 

to distinguish between two possible causes 
of 60-cycle ripple. 

If these indications are present, the 
hum is caused by an open power supply 
filter condenser or a shorted filter choke. 

Fig. 30-24 is a photograph of hum in the 
raster of a television receiver with an 
open power supply filter capacitor. 

120 CPS. POWER SUPPLY HUM IN RASTER 

Fig. 30-24 

Filament Hum in the Raster.— The fol-
lowing are indications of raster hum 
caused by 60-cycle filament voltage. 

a. 
b. 

C. 

d. 

60-cycle hum in the raster but not in the sound. 
60-cycle bars in the raster put no ripples in the 
raster. See Fig. 30-25. 
60-cycle ripples in the raster out no bars in the 
raster. See Fig. 30-26. 
60-cycle ripple with bulges opposite each other, 
and indentations opposite each other. See Fig. 
30-27. 

60 CPS. FILAMENT HUM BAR IN RASTER 

Fig. 30-25 
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60 CPS. FILAMENT RIPPLE IN RASTER 

Fig. 30-26 

30-22 

60 CPS. RIPPLE — BULGE OPPOSITE qULGE 

Fig. 30-2'1 

If these indications are present it is the receiver the filament hum is intro-
necessary to know in which section of duced. Fig.30-28will help. 
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a. Hum bars in the raster are introduced in the 
video amplifier. 

b. Ripple in the side of the raster is introduced 
in the horizontal deflection section ( horizontal os-
cillator, discharge tube, damper and output tube). 

In the case of the video amplifier, the 
trouble can be localized further by mo-
mentarily removing the tubes. If the hum 
disappears when a tube is removed,it 
must have been introduced at or before 
that tube. This test cannot be used in 
the horizontal scanning section, since if 
a tube is removed here there will be no 
raster. 

Hum due to filament voltage is often 
caused by a faulty tube. The tubes can 
be checked by substitution. If the tubes 
are not at fault, an inspection of the 
filament wiring will frequently reveal a 
short circuit. 

HUM IN THE PICTURE 

30-10. By hum in the picture we mean 
a hum symptom which disappears when 
the picture is removed. That is, the hum 
can be seen when a picture is on the 
screen but not when only a raster is on 
the screen. The picture can be removed 
for test purposes by short circuiting the 
antenna terminals. The symptoms are: 

a. Hum bars in the picture 
b. Bend in the side of the picture 
C. Hum bars and bend in the picture 

Hum in the sound may or may not 
accompany these symptoms. 

Hum in the Horizontal Sync. Hum volt-
age can combine with the horizontal syn-
chronizing pulses in the horizontal sync 
circuits. Hum can also combine with 
horizontal sync in the sync circuits where 
both vertical and horizontal sync are 
present. The result of hum in the horizon-
tal sync is that the horizontal sync pulses 
vary in amplitude in accordance with the 
variations of the hum waveform. 

If the hum is strong enough, the ampli-
tude of the sync pulses can drop all the 
way to zero during the negative half-
cycle of the hum waveform. This is il-
lustrated in Fig. 30-29. 
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Fig. 30-29 
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Note that there is actually no hori-
zontal sync for part of the time between 
two vertical sync pulses. A raster is 
traced du,ring the time between vertical 
sync pulses. It would be logical to expect 
part of the picture to be out of horizontal 
sync when a strong hum voltage combines 
with horizontal sync and this does happen. 
Fig. 30-30 is a photograph showing this 
condition; one-half the picture is out of 
horizontal sync. 

Fig. 30-30 

Bend in the Picture. Fig. 30-30 was 
made on a receiver model which does 
not have a synchrolock or synchroguide 
circuit. Most television receivers are 
equipped with one or the other of these 
automatic horizontal frequency control 
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circuits. In such receivers, loss of hori-

zontal sync during part of the time required 
to scan the raster does not cause part of 
the picture to be completely out of sync, 
because the automatic frequency control 
circuit prevents it. Instead, the picture 
bends; this condition occurs as the picture 
tends to go out of sync but is prevented 
by the automatic circuit, which allows 
only a gradual horizontal shift of the 
scanning lines. The slight change in 
timing of the horizontal scanning circuits 
which produces the shift is not sufficient 
to alter the amplitude of the sawtooth 
waveforms of the horizontal scanning sig-
nal. Therefore the width of horizontal 
scanning lines remains the same for each 
line. The side of the raster is straight. 
Bend in the side of the picture while the 
raster remains straight, therefore, is 
caused by hum in the horizontal sync. 
This is shown in Fig. 30-31. 

HUM BEND IN PICTURE BUT NOT IN RASTER 

Fig. 30-31 

Hum Bars in the Picture. The r-f and 
i-f sections of the receiver do not respond 
to hum frequencies. A picture signal must 
therefore be present before hum introduced 
in these sections can pass through them. 
When the hum modulates the picture signal 
it reaches the kinescope control grid 
together with the picture. This will pro-
duce bars in the picture, because any hum 
on the kinescope grid will cause the ap-
pearance of bars. In section 30-9 we dis-
cussed hum bars in the raster, which were 

independent of the picture signal; the hum 
we are talking about now gives bars only 
when the picture signal is present. The 
reason for the difference is that in the 
first case, the hum reaches the grid like 
an ordinary signal, but in the second 
case it has to " ride in" on the picture 
signal by modulating it. The obvious test 
to distinguish them is to short the antenna 
terminals to cut out any picture signal. If 
the bar disappears, the hum was "riding" 
the signal and entering through the r-f or 
i-f stages; if the bar remains, it must be 
the video stages where the hum gets in. 

Fig. 30-32 shows the hum bar in the picture. 

HUM BAR IN PICTURE 

Fig. 30-32 

Localizing Picture Hum. It is unlikely 
that hum in the picture would be caused 
by hum ripple in the d-c voltage supply. 
The ripple in the d-c voltage would appear 
in the raster as well as in the picture, 
because hum would enter the video am-
plifier via the B supply system. There-
fore, it is safe to assume that picture 
hum comes from the filament voltage. 

Localizing picture hum is a matter of 
deciding in what stage of the receiver the 
filament voltage combined with the picture 
signal. It is possible for hum to get into 
the picture through the following stages: 

a. R-f amplifier 
b. Converter 
C. Local oscillator 
d. Picture i-f amplifiers 

Note that the local oscillator is one 
possibility. The signal generated by the 
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HUM IN PICTURE BUT NOT IN SOUND OR RASTER 

Fig. 30-33 

local oscillator combines with the picture 
r-f signal in the converter. This produces 
the picture i-f signal. Hum introduced in 
the oscillator combines with the signal 
generated by the oscillator, and the hum 
is then combined with the picture i-f 
signal in the converter. 

Hum in the P icture but not in the Sound. 
This means that the hum has combined 
with the picture in a stage that follows 
the sound take-off point in the receiver. 
The position of the sound take-off point 
varies in different models. A typical case 

is illustrated in Fig. 30-33. The black 
blocks are those in which " hum in the 
picture but not in the sound" could have 
been introduced. 

Hum in the Sound and in the Picture. 
This indicates that the hum was intro-
duced in a stage that precedes the sound-
take off point. In the block diagram of a 
typical receiver (Fig. 30-34), the hum could 
have been introduced in any of the black 
blocks. 

Hum Bend in Picture and Bars. When 
hum combines with the picture signal, it 

sound 
section 

picture 
i-f 
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BUM IN PICTURE AND SOUND BUT NOT IN RASTER 

Fig. 30-34 
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may als o combine with sync. Therefore the 
picture signal hum can produce bend in the 
picture due to hum in the sync, in addition 
to bars in the picture produced by hum volt-
age at the kinescope grid. This is illus-
trated in Fig. 30-35, showing bars and bend 
in the picture. 

HUM BARS AND BEND IN PICTURE 

Fig. 30-35 

hum Bars in Picture but No Bend. It is 
possible to have bars but no bend in the 
picture . T his happens w hen the hum causing 
the bars is not strong enough when it gets 

antenna 

r-f 

unit 

sound 

i f 

sec ion 

picture 

i-f 

section 

to the sync circuit to reduce the amplitude 
of sync to zero at anytime. This can be 
seen in Fig. 30-32, which shows bars in the 
picture produced by hum voltage at the 
kinescope grid, but there is no bend be-
cause the hum voltage in the sync circuit 
is not strong enough to reduce sync to 
zero at any time. 

Hum Bend in the Picture but No Hum 
Bars. Fig. 30-31 indicates that the hum 
has combined with sync at a point which 
follows the sync takeoff point, in the 
sync amplifiers or horizontal control 
stage. These sta ges are in the black 
blocks of Fig. 30-36. 

It is possible to determine in which 
stage of the sync circuits hum has been 
introduced by removing the tubes one at 
a time. After each tube is removed, the 
horizontal hold control and horizontal 
oscillator adjustments are carefully ad-
justed until the picture is stopped manu-
ally. If the bend has then disappeared, 
the trouble is located at this or an earlier 
stage. 

Hum is not the only cause of bend or 
tearing in the picture; noise or picture 
information in the sync circuits can also 
result in these effects, but will be dis-
cussed in later lessons. 

audio 

amplifier 

section 

video 
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HUM IN THE VERTICAL CIRCUITS 

30r11. The relationship between hum 
frequency and vertical deflection fre-
quency determines the number of bars or 
ripples on the screen. But, as we pointed 
out previously, it is not the presence of 
hum voltage in the vertical circuits which 
makes the bars and ripples. In this sec-
tion we will discuss what happens when 
the hum voltage is actually in the vertical 
circuits. The vertfcal deflection section 
of a television receiver is divided into 
two parts. The first part is the vertical 
oscillator circuit, which generates the 
vertical deflection voltage at the proper 
frequency. Normally, the frequency of the 
vertical oscillator is synchronized by the 
vertical sync pulses. If it is not synchro-
nized, the picture rolls up or down. If a 
strong hum voltage is applied to the 
vertical oscillator, the hum synchronizes 
the oscillator. The result, shown in Fig. 
30-37, is a picture rolled out of its proper 
position and then held stationary. It re-
mains stationary in the wrong position 
because the hum voltage has synchro-
nized the vertical oscillator. This effect 
usually accompanies hum in the picture. 

HUM IN TIDE VERTIC1L OSCILLATOR 

Pig. 30-37 

The second part of the vertical section 
is the vertical output amplifier circuit. A 
60-cps sawtooth waveform is the normal 
input to the vertical output circuit. Fig. 
30-38 shows the deflection produced when 
the 60-cps sawtooth is removed and a 60-

cps hum waveform substituted in its place. 
The picture is folded over itself, because 
of the sine-wave deflection signal. There 
is no ripple or bar produced. Notice that 
the 60-cps sine wave voltage could be 
deliberately applied to the vertical output 
circuit as a test to determine if it were 
operating. Such a test would show whether 
a trouble causing no vertical deflection 
is located in the vertical oscillator or in 
the vertical output section of a receiver. 

I Tel" 

60 CPS. SINE WAVE VERTICAL DEFLECTION 

Fig. 30-38 

HUM IN THE SOUND 

30-12. We have discussed cases in which 
hum in the sound is accompanied by hum 
in the raster or hum in the picture. Now, 
suppose there is hum in the sound but no 
hum in the picture or raster. It is safe to 
assume that this hum is caused by fila-
ment voltage in the sound stages. If it 
were caused by ripple in the d-c supply 
voltages, there would also be hum in the 
picture and raster. 

Localizing Sound Hum. The audio-
amplifier drives the loudspeaker. Any 
audio-frequency voltage applied to the 
audio amplifier is amplified, and a sound 
is produced in the speaker. The hum fre-
quencies are audio frequencies. There-
fore, the audio amplifier responds directly 
to hum frequencies. Hum introduced in 
the audio amplifier can be heard from the 
speaker with or without the sound signal 
from the television broadcast station. 

The sound i-f amplifier does not re-
spond to hum frequencies. Hum introduced 
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in the sound i-f amplifiers can only pass 
through if it is combined with the sound 
signal from the station. 

If there is no hum on the screen but 
hum in the sound is present with no sound 
from the television station, the trouble is 
in the filament circuits of the audio 
amplifier (Fig. 30-39). 

sound 

f 

ompli fief 

sound 

f 

amplifier 

sound 

1- f 

amplifier 

similar to hum, as illustrated in Fig. 30-41. 
This is because hum modulation is present 
in the signal produced by a diathermy 
machine during normal operation. However, 
diathermy interference is usually not 
present on all channels. At least it is not 
strong on all channels. Also, there are 
fuzzy top and bottom edges on the hum 
bar resulting from diathermy unless the 

sound 

discriminator 

— 111- 111111--1( speaker 

HUM ONLY IN SOUND, PRESENT WITHOUT INCOMING SIGNAL 

Fig. 30-39 

If there is no hum on the screen and 
hum in the sound is present only when 
the sound signal from the television sta-
tion is present, the trouble is in the 
filament circuits of the sound i-f ampli-
fiers -(Fig. 30-40). 

interference is very strong. These char-
acteristics help to distinguish it from hum 
caused by a trouble inside the receiver. 

Sounds Similar to Hum. The howl caused 
by microphonics, and buzzing sounds such 

sound 

discriminator 

audio 

amplifier 

HUM IN SOUND, PRESENT ONLY WITH INCOMING SIGNAL 

F ig. 30-40 

One type of hum which may appear in 
an audio amplifier does not originate from 
either the filament supply or ripple in the 
d-c supply. This occurs when the shield 
of the wire connected to the amplifier 
input becomes ungrounded. With the shield 
ungrounded, no shielding action takes 
place. The small amount of energy in the 
field surrounding the 60-cycle power wiring 
is picked up by the unshielded wire and 
amplified. Often the correction for this 
is merely a matter of replacing an audio 
plug in its socket so that it makes good 
contact to the chassis ground. 

DIATHERMY AND SYNC BUZZ 

30-13. The incoming a-c, a-c ripple on 
the rectified voltage, and filament a-c are 
not the only causes of various effects 
which might be called hum. 

Hum Effects Caused by Diathermy In-
terference. Interference from diathermy 
machines can produce a symptom very 

audio 

amplifier 

speaker 

as sync buzz are not often mistaken for 
hum by the service technician. These 
sounds are sufficiently different from each 
other to be recognizable. However, a cus-
tomer in describing a trouble might de-
scribe the hum as a buzz or howl. It is 
advisable to keep this in mind when evalu-
ating a customer's description of trouble. 

Fig. 30-41 
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MST A/0 TREATMENT-FOR ELECT-JUG' SHOCK 

I. FREE THE VICTIM FROM THE CIRCUIT IMMEDIATELY. 

Shut off the current. If this is not immediately possible, use a dry nonconductor (rubber gloves, rope, 
board) to move either the victim or the wire. Avoid contact with the victim. If necessary to cut a 
live wire, use an axe with a dry wooden handle. Beware of the resulting flash. 

II. ATTEND INSTANTLY TO THE VICTIM'S BREATHING. 

Begin resuscitation at once on the spot. Do not stop to loosen the victim's clothing. Every moment 
counts. Keep the patient warm. Wrap him in any covering available. Send for a doctor. Remove 
false teeth or other obstructions from the victim's mouth. 

POSITION 
1. Lay the victim on his belly, one arm extended 
directly overhead, the other arm bent at the 
elbow, the face turned outward and resting on 

hand or forearm, so that the nose and mouth are 
free for breathing (fig. A). 
2. Straddle the patient's thighs, or one leg, with 

your knees placed far enough from his hip bones 
to allow you to assume the position shown in 
figure A. 

3. Place your hands, with thumbs and fingers 

in a natural position, so that your palms are on 
the small of his back, and your little fingers just 
touch his lowest ribs (fig. A). 

FIRST MOVEMENT 
4. With arms held straight, swing forward 
slowly, so that the weight of your body is grad-
ually brought to bear upon the victim. Your 
shoulders should be directly over the heels of 

your hands at the end of the forward swing (fig. 
B). Do not bend your elbows. The first move-
ment should take about 2 seconds. 

SECOND MOVEMENT 
5. Now immediately swing backward, to remove 
the pressure completely (fig. C). 

6. After 2 seconds, swing forward again. Repeat 
this pressure-and-release cycle 12 to 15 times a 
minute. A complete cycle should require 4 or 
5 seconds 

CONTINUED TREATMENT 
7. Continue treatment, until breathing is restored or until there is no hope of the victim's recovery. Do 
not give up easily. Remember that at, times the process must be kept up for hours. 

8. During artificial respiration, have someone loasen the victim's clothing. Wrap the victim warmly; 

apply hot bricks, stones, etc. Do not, give the victim liquids until he is fully conscious. If the victim 
must be moved, keep up treatment while he is being moved. 

O. At the first sign of breathing, withhold artificial respiration. If natural breathing does not continue, 
immediately resume artificial respiration. 

10. If operators must be changed, the relief operator kneels behind the person giving artificial respiration. 

The relief takes the operator's place as the original operator releases the pressure. 

11. Do not allow the revived patient to sit or stand. Keep him quiet. Give hot coffee or tea, or other 
internal stimulants. 
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PART I— TilE R-F SECTION 

THE R - F UNIT — PURPOSE AND FUNCT IONS 

31-1. The first job which must be per-
formed in any television receiver is that 
of selecting the desired signal. This 
lesson will describe how the r-f unit not 
only accomplishes that primary purpose, 
but also rejects most of the unwanted 
signals, converts the selected channel to 
the fixed i-f frequency, and establishes 
the signal-to-noise ratio ( which deter-
mines how much snow will appear in the 
picture). 

The Superheterodyne Principle. — 
You will recall that television receivers 
operate on the superheterodyne principle. 
Basically, the r-f unit of the television 
receiver— which is often called the front 
end or tuner— resembles the front end of 
any superheterodyne. The r-f tuner in-
cludes three stages: r-f amplifier, con-
verter, and local oscillator. The arrange-
ment of these stages is shown in the 
block diagram of Fig. 31-1. 

r- f 
amplifier 

converter  output to  
i-f stages 

local 
oscillator 

Fig. 31-1 

The front end must select the one 
channel we want to receive from among 
all the signals picked up by the antenna, 
provide some amplification, convert the 
r-f signal to a fixed intermediate fre-
quency, and set the signal-to-snow ratio. 
Each stage handles a definite part of 

this job. Here are the basic functions 
they perform: 

1. LOCAL OSCILLATOR — generates 
a sine-wave output which is sent to 
the converter. The frequency of the 
local oscillator determines which 
channel will be selected (converted 
to the intermediate frequency and 
sent through the receiver to produce 
the desired sound and picture.) 

2. CONVERTER — mixes the r-f sig-
nal and oscillator output frequen-
cies in a non-linear circuit and se-
lects the proper difference frequen-
cy to send to the picture i-f sec-
tion. 

3. R-F AMPLIFIER — does a prelim-
inary job of selecting one channel 
and rejecting the others, then am-
plifies the desired signal for the 
converter. 

Selecting the Desired Channel. — The 
superheterodyne television receiver has 
a fixed intermediate frequency. The i-f 
stages are tuned to accept a relatively 
narrow range around this frequency and 
will reject any signal which falls outside 
the bandwidth. No matter what channel 
we want to receive, therefore, the fre-
quency of that channel must be converted 
to a fixed i-f, or close enough to it to be 
accepted and amplified by the i-f stages. 

The conversion is accomplished by 
letting the desired r-f signal "hetero-
dyne" or "beat" with the output of the 
local oscillator. This produces a "dif-
ference frequency" (among others) which 
is equal to the difference between the 
two original frequencies, and which will 
be filtered to be sent to the i-f amplifier. 
In order to make the difference frequency 
fall within the i-f range, the original fre-
quencies must differ by the amount of 
the i-f. This can be accomplished by 
varying the frequency of the local oscil-
lator. 

To put it in round numbers, suppose 
you had a receiver with an i-f of 100 
cycles and wanted to receive a signal at 
1,000 cycles. You could set the local 
oscillator to either 900 or 1,100 cycles. 
In both cases the difference frequency 
is 100 cycles, which will be accepted 
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by the i-f stages. In television receivers 
the local oscillator is usually, but not 
always, tuned above the channel frequen-
cies. 

With this principle in mind, let's take 
some actual examples. Assume that the 
television receiver uses the ordinary in-
termediate frequencies of 25.75 mc for 
the picture carrier and 21.25 mc for the 
sound carrier. Suppose the channel- selec-
tor switch is set to Channel 2, which has 
an r-f picture carrier frequency of 55.25 
mc. 

The frequency of the local oscillator 
must be far enough above the frequency 
of the Channel 2 picture carrier for the 
difference to equal the intermediate fre-
quency. 

Local Osc. Freq. minus R-f Picture Carrier Freq. = 

Picture 1-f 

Local Osc. Freq. minus 55.25 mc = 25.75 mc. 

Solving this gives us: 

Local Osc. Freq. = 81 mc 

An easier way to figure this is simply 
to add the i-f to the r-f picture or sound 
carrier frequency. 

55.25 mc 25.75 mc = 81 mc 

So the local oscillator of this par-
ticular receiver must be tuned to 81 mc 
to receive Channel 2. But if the inter-
mediate frequency were higher or lower, 
then the local oscillator frequency would 
have to be adjusted by the same amount. 

In the receiver we're talking about, 
the sound i-f is 21.25 mc. The frequency 
of the local oscillator should also beat 
with the r-f sound carrier of Channel 2 to 
produce this i-f. The r-f sound carrier fre-
quency for Channel 2 is 59.75 mc. So: 

R-f Sound Carrier Freq. plus Sound 1-f = Local 

Osc. Freq. 

59.75 mc 4 21.25 mc = 81 mc 

The single local oscillator frequency 
thus produces the correct picture and 
sound intermediate frequencies. Since 
the r-f sound carrier is 4.5 mc above the 
r-f picture carrier frequency for every 
channel, television receivers are always 
designed with the sound i-f 4.5 mc below 
the picture i-f. If this were not done, two 
local oscillators would be necessary. 

Now, let's turn the channel- selector 
switch of the same receiver to Channel 8, 

which has an r-f picture carrier frequency 
of 181.25 mc and an r-f sound carrier fre-
quency of 185.75 mc. 

For the picture carrier: 
R-f Picture Carrier Freq. plus Picture 1-f = Local 
Osc. Freq. 

181.25 mc 4 25.75 mc = 207 mc 
And for the sound carrier: 

185.75 mc ,L 21.25 mc = 207 mc 

Again, the signal local oscillator fre-
quency produces the correct i-f frequen-
cies for both picture and sound. This is 
true for every channel, as a glance at 
Table A will show. The local oscillator 
frequencies shown in Table A are valid 
only for the case of the oscillator op-
erating above the signal frequencies. 

TABLE A 

Local Osc. Local Osc. 
R-F Carrier Freq. for 25.75 Freq. for 45.75 

Channel Freqs. in MC &21.25 1-F (MC) & 41.1,1-F (MC) 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Pix 55.25 
Sound 59.75 

Pix 61.25 
Sound 65.75 

Pix 67.25 
Sound 71.75 

Pix 
Sound 81.75 

77.25 

Pix 83.25 
Sound 87.75 

Pix 175.25 
Sound 179.75 

Pix 181.25 
Sound 185.75 

Pix 187.25 
Sound 191.75 

Pix 193.25 
Sound 197.75 

Pix 199.25 
Sound 203.75 

Pix 205.25 
Sound 209.75 

Pix 211.25 
Sound 215.75 

81 101 

87 107 

93 113 

103 123 

109 129 

201 221 

207 227 

213 233 

219 239 

225 245 

231 251 

237 257 

Rejecting Unwanted Channels. - We 
know that the output of the local oscil-
lator will beat with every frequency pre-
sent at the converter input and that a 
difference frequency will be produced for 
each. If the signals of several channels 
manage to get to the input of the con-
verter, all the difference frequencies will 
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be produced, but all except the selected 
one will lie outside the range ( sometimes 
called the pass band) of the fixed-tuner 
i-f stages. (There is an exception to this, 
which will be discussed shortly.) 

Figure 31-2 illustrates what happens 
in this case. The local oscillator is 
tuned to bring in Channel 4, but the car-
rier frequencies of Channels 3 and 5 are 
also present at the converter input. From 
Table 31-1 we know that the oscillator 
frequency of a receiver using the newer 
picture i-f frequency of 45.75 mc for 
Channel 4 reception must be 113 mc. 
This 113 mc signal beats with the Chan-
nel 4 r-f picture carrier and produces a 
difference frequency of 45.75 mc, which 
is readily accepted by the i-f amplifiers. 

As far as the r-f picture carriers of 
Channel 3 and Channel 5 are concerned, 
however, the difference frequencies • are 
51.75 mc and 35.75 mc, respectively. 
One is too high and the other too low to 
be accepted by the i-f stages. 

The net result is that when the local 
oscillator is correctly adjusted to tune in 
a given channel, the r-f picture and sound 
carriers of that channel are converted to 
the picture and sound intermediate tre-
quencies, of the receiver. All the signal 
frequencies in the selected channel are 
converted to frequencies within the ac-
ceptable i-f range, so that no information 

channel 3 
(6125 mc) 

channel 4 
(6725 mc) 

channel 5 
(7725 mc) 

fundamental 
frequencies 

impressed on the carriers is lost. Any fre-
quencies that are present but not in the 
selected channel produce difference fre-
quencies which usually lie outside the 
range of the i-f section and are therefore 
rejected 

From this it's clear that the channel 
selected depends upon the frequency of 
the local oscillator. 

THE LOCAL OSCILLATOR 

31-2. Generating and Controlling Os-
cillation. — The oscillator is simply an 
amplifier with feedback, in which the 
action is self-sustaining as long as the 
operating voltages are applied, because 
part of the plate-circuit output is con-
stantly fed back to the grid circuit. 
Two factors are particularly important, 
as far as feedback is concerned. First, 
it must be in the proper phase, to re-
inforce the action of the tube. Second, 
the amount of feedback must be sufficient 
to more than make up all the losses in 
the oscillator circuit. Otherwise, oscilla-
tion would stop because no useful feed-
back would appear at the grid to be am-
plified. One other factor — there must be 
enough useful output power to supply the 
requirements of the converter at all op-
erating frequencies. 

difference 
frequencies 

113 mc - 61 25mc 
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There are a great number of oscillator 
circuits in use, employing various means 
of feedback, including inductive, capaci-
tive, or a combination of the two. What-
ever method is used must produce a phase 
shift of 180 degrees between plate and 
grid, to put the feedback voltage in phase 
with the grid voltage so that they will 
add and be amplified. Generally, some 
sort of voltage-divider effect is neces-
sary, to separate a portion of the output, 
which can then be fed back to the grid 
circuit. 

Fig. 31-3 shows two basic oscillator 
circuits and demonstrates that it is not 
always easy to recognize an oscillator 
from its appearance on the schematic. At 
A is shown the basic Colpitts oscillator, 
which can be recognized in all variations 
by the capacitive voltage divider, C and 
C. The voltage developed across E is 
applied across grid and cathode to sus-
tain oscillation. The circuit B, however, 
uses the plate-grid capacitance of the 
tube as a feedback path, as indicated by 
the dashed lines. This would not show 
up on a schematic, of course, and the 
circuit then looks very much like a straight 
amplifier, except that no external signal 
is applied to the grid circuit and that 
signal bias ( grid leak bias) is used. 

To fulfill the requirements of the 
tuner, the local oscillator must not only 
generate a signal, but control the ampli-
tude and frequency of it. For the very 
high frequencies necessary to heterodyne 
with the signal of the desired channel, 
tuned resonant circuits are almost always 
used to determine the frequency of oscil-
lation. A high-Q parallel-resonant circuit 
offers maximum impedance at its resonant 
frequency, closely matching the output im-
pedance of the tube and enabling oscil-
lations at that frequency to develop the 
highest voltage across the tank. At other 
frequencies the impedance is relatively 
low as compared with the tube impedance, 
so the development of harmonics and par-
asitics is reduced to a minimum. 

Basically, then, the local oscillator 
has three jobs to do: 

1. Generate a signal, whether or not 
there is a signal coming in from the 
antenna. 

a 

cpg 

11 

Rg 

fine tuning 
control 

Fig. 31-3 

8+ 

2. Develop a bias for itself. 

3. Determine the frequency of its sig-
nal, by means of the inductance 
and capacitance in its tank circuit. 

Stabilizing the 0 scillatorFrequency. — 
The frequency of any oscillator has a 
tendency to drift — that is, to change 
gradually, due to temperature, voltage or 
load changes, or mechanical vibration. 

Temperature changes as the set warms 
up change the spacing of the vacuum-
tube electrodes slightly, resulting in 
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small differences in the interelectrode 
capacitances which affect the resonant 
circuits. Temperatute changes in coils 
and capacitors vary the values of in-
ductance and capacitance, with similar 
results. Variations in plate voltage or in 
the load can cause a frequency shift, but 
this effect is considerably reduced when 
we use a high-Q tank circuit with a low 
L/C ratio for maximum stability. 

Microphonics. — Mechanical variation 
or vibration anywhere in the oscillator 
circuit can cause values of inductance or 
capacitance to change slowly or rapidly. 
Probably the most common cause of micro-
phonics, as this effect is called, is the 
oscillator tube. Vibrations picked up by 
the tube electrodes cause small changes 
in the interelectrode capacitances which 
shunt the tuned circuits, resulting in a 
rapid variation of the resonant frequency. 
(Note that this is separate from the effect 
of temperature upon the tube.) Oscillator 
tubes are frequently mounted with heavy 
lead shields, to help damp out any vibra-
tion that might otherwise be picked up. 
Other parts can become microphonic, how-
ever, as well as the tube. For instance, 
if capacitors or resistors are mounted 
with long leads, they can vibrate enough 
to change the normal stray capacity be-
tween their leads and the chassis. 

The intercarrier system used in the 
sewer leceivers has practically elimi-
fated microphonics as a servicing prob-
lem. The reason for this is that the sound 
carrier goes through all four stages of the 
picture i-f amplifier at a sound if of 
41.25 mc, then is reduced to a ,,econd 
sound i-f at 4.5 mc by letting the first 
sound i-f beat with the picture i-f in the 
second detector. The resulting 4.5 mc 
difference frequency contains audio in-
formattoil which we can extract with an 
FM detector. Since the 4.5 mc difference 
between the sound and picture carriers 
is always established by the transmitter, 
the sound is relatively independent of 
local oscillaror drift in this system. When 
the oscillator frequency changes, the 
sound and picture i-f carrier frequencies 
change, but are still separated by 4.5 me. 

Some frequency drift in the oscillator 
is normal, but it is almost always un-
desirable, especially when we're using 
the oscillator for heterodyne purposes. 
If the local oscillator is not very stable 
in this respect, the picture is affected 
and the sound may be lost altogether. 
In the intercarrier system this trouble is 
eliminated. In older sets, however, the 
sound i-f pass band is much narrower 
than that of the picture i-f stages; there-
fore too much oscillator drift may cause 
the difference frequency ( between the 
oscillator and the r4 sound carrier) to 
fall outside the acceptable bandwidth of 
the sound stages. When this happens, the 
difference frequency is also far enough 
away from normal to get past the sound 
rej ection traps in the picture i-f ampli-
fiers, which results in sound bars ap-
pealing on the kinescope. 

To reduce this objectionable effect, 
the oscillytor is designed for the maxi-
mum practicable stability and a fine-
tuning control is included on the front-
panel. This control, which is usually a 
small capacitor ( Fig. 31-3), makes it 
possible to tune the oscillator over a 
small range ( 1 to 2 mc is common) to the 
exact frequency required. Since the sound 
is most affected in the older receivers, 
it's easy to tune these models for the 
best sound, then make a final small ad-
justment ( if necessary) to get the best 
picture. Models using the intercarrier 
system should be fine-tuned for the best 
picture. 

Several methods are used to make the 
oscillator more stable. A fairly large 
value of capacitance ( low L/C ratio) in 
the resonant circuit helps to minimize 
the effects of variations in the tube ca-
pacity and reduce microphonics, because 
the tube capacity is then only a small 
part of the total. Good regulation of the 
d-c power supply is also important to 
keep the d-c plate voltage steady. Tern-
perat ure-compen sating capacitors are 
widely used. The capacitance of ordihary 
fixed ca r.lcitors decreases as the unit 
'leats up, but special capacitors with 
negative temperature coefficient give the 
opposite result. hen one of these is con-
nected in parallel with a common type, 
the effective capacitance remains ap-
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proximately the same over a wide temper-
ature range, since one increases in value 
when the other decreases. 

Certain oscillator circuits are natural-
ly more stable than others. The Colpitts 
circuit shown at A of Fig. 31-3 ir one of 
these and is commonly used. It is rela-
tively free fram harmonics . 

Any of the basic oscillator circuits 
may be operated sin,le-ended, in push-
pull or in parallel. A well-designed push-
pull circuit oscillates easily, even at re-
duced plate voltages, has excellent fre-
quency stability and low harmonic con-
tent in the output waveform. The earlier 
RCA front-end tuners (KRK-7 and below) 
using both halves of a 6J6 twin-triode in 
push-pull provided good characteristics 
and minimum ill effects from temperature 
or other changes in the tube capacities 
because these capacities are in series. 
In the later single-ended Colpitts circuit 
stability is obtained through the low L/C 
ratio and less total 'power is required 
from the oscillator because the output is 
directly coupled through a capacitor to 
the converter, instead of through a link. 
Hence, the 1/2 6J6 gives the required 
power and the circuit is simpler. 

C 

to grid 

to 

3 4 

2 5 

C 

ChangingOscillatorFrequency.—Let's 

take another look at the Colpitts circuit 
shown at A of Fig. 31-3. Since the values 
of L and C in the tank circuit determine 
the output frequency of the oscillator, 
we can change the frequency to tune in 
different channels by varying L, Cn or Ce 
If we change C , however, we win have 
to readjust Co. — and vice versa — be-
cause the vortage-dividing ratio will be 
upset and readjustment becomes neces-
sary to get just the right amount of feed‘ 
back at the new setting. If we wish to 
tune 12 channels from a single front-panel 
operating control, this would require a 
dozen pair of capacitors and the job of 
alignment would be tough. 

Suppose, then 7we try varying the in-
ductance of L. This is practical and 
easy to do in any of several ways. At 
first glance it seems as if we would have 
to add or subtract capacitance each time 
we change the inductance, in order to 
maintain the L/C ratio, but this is taken 
care of in the coil design. The distributed 
capacitance between the turns of a coil 
acts like a single capacitor in shunt 
with the inductance. So, in the oscillator 
tank, we can wind the coil or coils to 

Fit. 31-4 
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have any desired value of distributed 
capacitance. If we switch in more turns 
to add inductance, the correct amount of 
capacitance is automatically included. 
CP and Cg need be only large enough to 
supply the necessary feedback. 

Fig. 31-4 shows some of the arrange-
ments we can use to vary the inductance. 
At A is a sy stem which switches in a dif-
ferent coil for each frequency. This is 
usually done on a turret, in order to keep 
the leads as short as possible and reduce 
losses. An example is the Standard Coil 
turret tuner shown in Fig. 31-5. 

(a) Top View 

(b) Bottom View 

Fig. 31-5 

The circuit shown at B is another pos-
sibility. Here, only a single coil is used, 
large enough to provide the maximum in-
ductance needed to tune the lowest os-
cillator frequency and tapped at various 
points. The switching arrangement simply 
makes it possible to short out the extra 
inductance ( and distributed capacitance) 
channel by channel as we progress to-
ward the higher frequencies. At position 
2, all the inductance is in the circuit and 
the oscillator is tuned to the correct fre-
quency to select Channel 2. When the 
switch is turned to positions 3, 4, 5, 
etc., portions of the inductance are short-
ed out and the oscillator operates on a 
correspondingly higher frequency. The 
switch we use to accomplish this is one 
section of the channel- selector switch, 
controlled from the front panal. 

The drawing at C of Fig. 31-4 is ex-
actly the same electrically as that at B. 
Instead of using one coil, tapped at the 
desired inductance points, we can use a 
set of small coils, connected in series. 
Each of the small coils is wound to pro-
vide the same inductance as the cor-
responding section of the large coil. 
There are two principal advantages to 
this arrangement. It enables us to mount 
the small, self-supporting coils right on 
the switch wafer, as shown in Fig. 31-6, 
resulting in mechanical convenience and 
a maximum saving of space. More im-
portant, however, is the fact that the 
leads are reduced to the shortest practic-
able lengths, consisting only of the sol-
dering lugs and the switch contacts. 
This cuts down the losses which normal-
ly appear on TV frequencies in leads of 
any appreciable length. Therefore, this 
arrangement is not only a space- saver, 
but improves the circuit efficiency. The 
parallel-resonant tuning circuits of the 
r-f amplifier and converter stages are 
laid out in the same manner and all the 
switch wafers are ganged on a single 
shaft. 

The inductances ( and distributed ca-
pacitances) for only the first 11 channels 
are mounted on the switch wafer. The 
coil required to tune Channel 13 is al-
ways in the circuit, so it can be mounted 
separately. It is often wound on a small 
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11 

Fig. 31-6 

form, inside which is a variable capacitor 
used to adjust the L/C ratio for proper 
tracking at all frequencies, as indicated 
in Fig. 31-6, which shows the wafer for 
the 630 chassis (including a coil for 
Channel 1). In the KRK-2 r-f unit, this 
variable capacitor was omitted and the 
Channel 13 coil was tuned by means of a 
brass slug, but adjusting the coil in this 
manner meant that all the other channels 
had to be re- adjusted. In all later units 
the variable capacitor has been employed. 
Tuning of the other coils for alignment is 
accomplished by means of brass slugs 
with slotted heads which can be screwed 
in or out to adjust the effective induct-
ance of each coil by changing the mag-
netic field. The capacitance is also 
somewhat changed. 

You've probably noticed that only 6 
actual coils are mounted on the switch 
wafer — those numbered 1 to 6 in Fig. 
31-6. These coils are switched into the 
circuit one at a time to add the necessary 
inductance to tune Channels 1 to 6. For 
tuning the higher-frequency channels, 
however, ( and especially when the new 
UHF channels are allocated), we seem to 
have nothing more than a strip of metal, 
curved to fit the wafer and studded with 
6 brass screws. The answer is that this 
is one side of a resonant line section 
which we use to tune Channels 7 through 
12. The other side of the line section is 
mounted on a second switch wafer, which 
in the case of a push-pull oscillator cir-
cuit also carries 5 more actual coils. If 
the oscillator is a single-ended, the 
other side of the line section is con-

nected in the grid circuit of the converter. 
In either case, the two sides of the reso-
nant section must be mounted parallel 
and a short distance apart. 

Resonant Line Section as Circuit Ele-
ments. — To understand the action of a 
resonant line section used as a circuit 
element, it's necessary to recall or re-
view the discussion of line sections in 
Lesson 20. In that lesson you learned 
that a quarter-wave section of line, short-
circuited at the receiving end, behaves 
toward the source like a parallel-reso-
nant circuit. In other words, the line sec-
tion offers a very high, resistive im-
pedance to the source at the resonant 
frequency, it stores energy and it re-
quires little power from the source to 
maintain this condition. The frequency 
of resonance depends upon the electrical 
wavelength of the line section. 

The curve of impedance for the short-
ed quarter- wave line section looks like 
this: 

Fig. 31-7 

This indicates that the impedance 
varies from maximum at the open source 
or sending end to nearly zero at the 
shorted receiving end. The curve is very 
much like that of a parallel-resonant cir-
cuit and there is no reason why we can't 
use the resonant line section in the same 
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manner, for a tank circuit. In fact, we 
can tap down on a line section to match 
impedances just as we tap down on a 
conventional coil. For instance, here are 
two circuits which are electrically equiv-

alent: 

The input circuit on the right is a 
common one— we've seen it often enough. 
The circuit on the left accomplishes ex-
actly the same purpose. The only im-
portant difference is that the resonant 
line section is tuned by adjusting the 
position of the shorting strap, instead of 
by varying a capacitor. The antenna line 
is matched by simply tapping down on 
the section to a point which presents the 
desired impedance and grid matching is 
similarly done. Since the impedance of 
the antenna line is relatively low and that 
of the grid quite high, the connections 
are made as shown to give the best 
matches. Notice, however, that it makes 
no difference where these taps are placed 
as far as the resonant frequency is con-
cerned — this depends only on the length 
of the section from the open end to the 
shorting strap. 

Line sections are widely used as cir-
cuit elements at the higher frequencies 
because they are more efficient than the 
usual coils and capacitors due to lower 
losses. We can also obtain higher L/C 
ratios — and consequently higher Q — 
with the line sections. Often, silver-
plated tubular conductors are used for 
resonant line sections, but in the RCA 

EQUIVALENT 

antenna 

front ends the flat strips shown in Fig. 
31-6 are shaped to fit on the switch 
wafers. When the two wafers are mounted 
on the common shaft, the proper distance 
apart, the two sides of the line section 
are parallel and normal operation results. 
The shorting strap is connected between 
the switch rotors, which enables us to 
tune the line section by changing the ef-
fective length, like this: 

shorting strop 

Fig. 31-9 

Now, suppose we consider the plate 
circuit of a push-pull oscillator, which 
is shown schematically at A of Fig. 
31-10. At the lower frequencies this cir-
cuit is useful and we can adjust the 
operating frequency by changing the posi-
tion of the shorting switch, which adds 
inductance and (distributed) capacitance 
to the tank circuit when we move it to the 

left. 
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For better efficiency at the higher TV 
frequencies, however, we decide to use a 
resonant line section. We could use a 
section to tune all the channels, but it 
would be very long and awkward. In-
stead, we insert at the points marked X 
on the drawing a line section which is 
long enough to tune down to Channel 7 
and we use small coils to get the added 
inductance for the lower channels, as we 
saw in Fig. 31-6. This arrangement, 
shown at B of Fig. 31-10, looks like a 
hybrid, but electrically it makes no dif-
ference. Whether you consider it a line 
section in series with a tapped coil, or 
an extra- long line section with one end 
coiled up for convenience, the electrical 
result is a parallel-resonant circuit which 
enables us to vary the oscillator frequen-
cy over the required range. The screw 
studs protruding from the line section 
provide a means of varying the capaci-
tance and inductance for alignment pur-
poses. 

o 
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• For your convenience in following this 
through into a servicing job, here's the 
way the oscillator circuit of the RCA 
KRK-5 front end looks in a schematic: 

Fig. 31-11 

Compare this with drawing B of Fig. 
31-10, above, and you'll see that it's the 
same circuit. Then check with Fig. 31-6 
and note the actual physical set-up. 

Single-Ended Oscillator Circuit.— Fig. 
31-12 shows two representations of a 
single- ended oscillator circuit — the Col-
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pitts oscillator used in the KRK-8 tuner. 

At a is a simplified schematic of the os-
cillator circuit alone; this tuner uses a 
6J6 as a combined oscillator- mixer, as 
you can see at b. In the oscillator tank 
circuit, we have only a single switch 

wafer, which has the 6 small coils ( 5, in 
newer models) for the lower-frequency 
channels, plus the metal strip which 
we've previously regarded as one side of 
a resonant line section. In this circuit, 
however, the other side of this line sec-
tion is missing. We could regard the ar-
rangement as an unbalanced line, with 

the chassis at ground potential acting, 
like the grounded outer conductor of a' 
coaxial line, but it's simpler to think of 

the metal strip as a series of half- turn 
coils which provide the very small in-
ductances required to resonate the os-
cillator tank at the higher frequencies. 
The regular schematic is shown at b, so 

you may compare the two. 

Continuous Tuning. — Let's consider 
one more important way of varying the 
inductance of a tank circuit to change the 
oscillator frequency. This is shown 
schematically in Fig. 31-13 and consists 
of a coil with a tap which is continuously 
in contact with the winding. This can be 
accomplished by mounting the coil on a 
shaft so that one turn touches a sliding 
contact which follows the winding when 
the coil is rotated. Thus, instead of 
switching in lumps of inductance, the 
value is smoothly varied. One rotation of 
the shaft shorts one turn; if the coil has 
ten turns, the entire frequency range is 
covered in ten rotations. 

Fig. 31-13 

This type of tuning is used in the 
Mallory Inductuner, illustrated in Fig. 
31-14. Three individual inductance units 
are ganged on a single shaft, each giving 
a high maximum- to-minimum inductance 
ratio of 50 to 1, which tunes the entire 
TV frequency range of 54 to 216 mc. Two 
sections of the tuner are used for pre-
selection in the r- f amplifier plate and 
converter grid circuits, while the third 
section is used to tune the local oscil-
lator above the frequency of the desired 
channel. The tuning is done from the 
front panel. In some later models, a 
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detent mechanism is included to lock in 
the shaft at the proper position for each 
channel. A newer type of individual in-
ductance unit is spiral- shaped, like a 
watchspring, which gives the same con-
tinuous tuning but saves space. 

( P . R. Mallory Co.) 

Fig. 31-14 

Oscillator Bias. — One distinguishing 
feature of nearly all oscillator circuits is 
grid leak self- bias. This makes the oscil-
lator self-starting and aids in maintain-
ing a stable amplitude of oscillation. If 
the amplitude of the oscillations begins 
for some reason to build up, more grid 
current flows through the bias resistor, 
increasing the bias and cutting down the 
amplification of the tube. If the amplitude 
decreases, the resultant decrease in bias 
tends to bring it up to normal again. The 
operation must be such that a grid cur-
rent flows for part of the cycle to de-
velop a biasing voltage across the grid 
leak resistor. 

Since the bias is developed by the 
signal and the oscillator generates its 
own signal, the presence or absence of 
the correct bias gives an excellent in-
dication of whether or not the oscillator 
is operating properly. 

Coupling the Oscillator to the Con-
verter. — After generating a signal at the 
particular frequency we need, a means 
must be provided to transfer it to the grid 
of the converter, where it will be mixed 
with the incoming r-f picture and sound 

carrier frequencies. This can be accom-
plished by common coupling methods — 
capacitance, inductance or direct radia-
tion. (Remember that the oscillator is a 
small transmitter and some of its power 
is radiated from any part of the tank cir-
cuit which happens to be the right length 
to act as an antenna at the operating fre-
quency.) 

Inductive coupling is frequently ac-
complished by means of a link, which is 
simply a couple of turns of wire coupled 
inductively to the tuned circuit and con-
nected by a piece of twisted pair or coax 
to a similar turn or two coupled inductive-
ly to another tuned circuit. The link pro-
vides a means of obtaining mutual in-
ductance between two coils which are 
not otherwise coupled. It is useful where 
stray capacitive coupling must be held to 
a minimum, because there is very little 
capacitance between the link turns and 
the tuned circuits. In coupling the oscil-
lator to the converter, the link is arranged 
to give a fairly loose coupling and keep 
the two circuits as well separated as 
possible. This is desirable because we 
want to prevent the signal-frequency cir-
cuit from interacting with the oscillator, 
which could cause changes of the oscil-
lator frequency. This is called "oscil-
lator pulling", but is not likely to be-
come serious when the signal and oscil-
lator frequencies are well- separated. Fig. 
31-15 shows the manner in which a link 
is used for coupling the oscillator to the 
converter in the KRK-5 front end. 
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There is also a certain amount of cou-
pling due to the fact that the circuits are 
close together on the chassis and oscil-
lator radiation is picked up by the con-
verter wiring. 

Capacitive coupling is simple and 
straightforward. The coupling capacitor 
is usually quite small in value, to keep 
the degree of coupling loose and prevent 
oscillator pulling. In the KRK-8 tuner, 
shown in simplified form in Fig. 31-16, 
C7 is the variable, capacitor used for 
coupling. This can be varied from 0.8 to 
1.4 uufd to obtain the most efficient mix-
ing in the converter. Again in this cir-
cuit, there is bound to be a certain amount 
of radiation coupling. 
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Regardless of the method, or combina-
tion of methods, that is used for coupling 
there must be enough transfer of oscil-
lator energy to provide efficient mixing — 
and the amount must be fairly constant 
at all frequencies. 

Oscillator Radiation. — We've already 
noted that the local oscillator is a small 
transmitter and that direct radiation can 
talé" place from the tank circuit and 
wiring. This radiation doesn't cause any 
trouble in the receiver of which the os-
cillator is a part, but if it is permitted to 
get out to neighboring TV receivers, in-
terference results. Glance back at Table 
31-1 and you'll see how this can happen, 
particularly in the case of receivers 
using a 25.75-mc intermediate frequency. 
If such a receiver is set to bring in Chan-
nel 2, the frequency of its local oscillator 

is nearly the same as the r-f sound car-
rier for Channel 5. Therefore, if some of 
the oscillator power is being radiated, it 
will be picked up by any nearby receiver 
tuned to Channel 5. If this same oscil-
lator is switched to tune in Channels 7, 
8 or 9, its radiation causes interference 
with Channels 11, 12 or 13, respectively 
in neighboring receivers tuned to those 
channels. Notice that the newer 45.75 
mc i-f eliminates this trouble, as a check 
of the right-hand column of the Table 
will show. 

Direct radiation from the local oscil-
lator is eliminated, or cut down below 
the troublesome point, by careful shield-
ing of this circuit. Radiation can still 
take place in another way, however, if 
some of the oscillator energy can work 
its way back to the receiving antenna. 
In this case, the receiving antenna be-
comes a transmitting antenna for the 
local oscillator. If we didn't use an r- f 
amplifier stage between the antenna and 
the mixer input circuit ( the receiver 
would work without one), the local oscil-
lator would couple directly to the antenna, 
by way of the mixer input, and a great 
deal of annoying interference would be 
radiated. 

The presence of the r-f amplifier in 
present-day TV sets cuts down the amount 
of oscillator energy which can be radiated. 
This energy has to find its way from the 
output of the r-f amplifier back to the in-
put. Fortunately, this type of amplifier 
makes it difficult for a signal to pass in 
the reverse direction, but some energy 
can still get back through the plate- grid 
capacity of the tube or through stray cou-
pling which may appear in the associated 
circuits. The plate- grid capacity depends 
upon the tube type and varies even among 
tubes of the same type. It is higher in 
triodes than in pentodes. If some of the 
oscillator signal does succeed in getting 
back to the input side of the r-f amplifier, 
it meets further rejection because this 
circuit is tuned to the frequency of the 
channel being received while the fre-
quency of the oscillator is 25.75mc away, 
in the receivers where this is the i-f. The 
net result is that the r-f amplifier effec-
tively isolates the oscillator from the 
antenna. 
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THE CONVERTER 

31-3. Function. — We've already men-
tioned the main purpose of the converter. 
It is to change the frequency of the de-
sired r-f signal to a selected lower fre-
quency (the i-f), which is easier to am-
plify. ( Actually, a band of frequencies 
containing the modulation information is 
converted, but the action is the same.) 
This involves combining the incoming sig-
nal with the local oscillator signal in a 
nonlinear circuit element, where they beat 
or heterodyne to produce an output which 
contains the fundamentals, sum and differ-
ence frequencies, plus harmonics of the 
original frequencies. The output circuit, 
therefore, must be tuned to select the one 
desired frequency to send on to the i-f am-
plifier stages. 

The nonlinear element used for con-
version is usually a vacuum tube, es-
pecially at the frequencies of Channels 
2 to 13, because we can obtain a certain 
amount of gain with a vacuum tube con-
verter. When UHF television channels 
are assigned, however, it is probable 
that at least some receivers will use 
crystal diode converters. The reason for 
this is that the efficiency and gain of 
vacuum tubes tend to drop off seriously 
as the operating frequency increases into 
the UHF region. Diodes provide no gain 
(less than unity). 

The converter stage looks on the 
schematic like an amplifier stage, al-
though grid- leak bias is used. However, 
the input circuit is fed two signals and 
is capable of being switched or otherwise 
tuned over the frequency range of the re-
ceiver; the plate or output circuit is al-
ways fixed-tuned to one particular fre-
quency ( the i-f). 

Nonlinear Operation. — What the sche-
matic doesn't show is the fact that the 
tube is operated on a nonlinear portion of 
its characteristic (class AB). For our 
purpose, we can consider this as meaning 
the signal is rectified to some extent. In 
effect, the positive portion of the signal 
is reproduced with a different amplitude 
than the negative portion. In this manner 
we permit distortion to take place and 

new frequencies to be generated in the 
tube, as explained in Lesson 19. Actual-
ly, the tube functions as a combined de-
tector ( signal rectifier) and amplifier and 
you'll hear it referred to occasionally as 
the "first detector". Grid current is 
drawn during part of the cycle, when grid-
leak bias is used. 

In order to select the desired inter-
mediate frequency from among all those 
present in the output of the converter 
tube, we use a fixed-tuned circuit. This 
offers a high impedance to the desired 
frequency and permits it to build up an 
appreciable voltage to pass on to the i-f 
stages, while offering a low impedance to 
all the other frequencies. 

Converter Tubes. — Like the oscil-
lator, the converter can be operated either 
single-ended or in push-pull. For con-
venience and compactness, the converter 
and oscillator tubes may be combined in 
a single envelope. All three circuits are 
used in tuners. For the purpose of com-
parison, they are shown in Fig. 31-17. 
At a we have the push-pull converter 
from the KRK-2 front end. At b is the 
single-ended converter from KRK-5, while 
c shows the converter- oscillator from 
the KRK-8, with both tubes in a single 
envelope. 

Generally, r-f amplifier tubes ( voltage 
amplifiers) which perform well at TV fre-
quencies are satisfactory as converters. 
Often the same type will be used for both 
funçtions in a particular front end — such 
as the 6J6 in the KR K-2 or the 6AG5 in 
the KRK-5. There are differences be-
tween triodes and pentodes, however, 
when operated as converters. To clarify 
these differences we'll have to see what 
causes tuner noise. 

Noise. — We are interested here inin-
ternal noise generated within the vacuum 
tubes and the wiring of the tuner itself, 
not the type which results from ignition 
systems, diathermy machines, etc., which 
are outside the receiver. The noise gen-
erated in a vacuum tube is called "shot 
noise" and it is caused by very small 
variations in the plate current. These ir-
regular variations appear even when the 
supply voltages are perfectly steady. The 
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result is a corresponding variation in the 
voltage across the plate load which is 
amplified in all the succeeding stages. 
If this noise fluctuation rides along on 
the picture signal, it eventually appears 
as "snow" on the picture tube. Another 
type of noise is called "thermal noise", 
which is produced in the wiring and re-
sistors due to the random movement of 
free electrons. This is less serious than 
"shot-noise." 

Every tube along the line adds some 
noise to the signal, but once the signal 
has been amplified above a weak level it 
can override tube noise. Therefore, the 
r-f amplifier and converter stages are im-
portant in this respect, because here the 

signal is still pretty weak. If we can 
keep the noise level lower than the sig-
nal level by a reasonable ratio, we'll get 
a satisfactory picture on the kinescope, 
since both noise and signal receive the 
same amplification from there on through 
the receiver. 

The amount of noise generated in a 
tube depends upon the tube type and the 
manner in which it is used. Pentodes are 
noisier than triodes and converters are 
three or four times more noisy than the 
same tubes used as amplifiers. Since the 
converter is at the front end where the 
received signal is still weak, most of the 
snow which appears on the kinescope is 
generated in the converter. 

With these factors in mind, it is ap-
parent that a triode converter stage re-
sults in less noise. It also gives less 
gain than a pentode, however, and gain 
is important if we're to get good pictures 
in a fringe area. The final choice depends 
largely on the r-f amplifier stage. If there 
is high gain in the r-f sbage, the signal 
may be boosted well above the noise 
level and a pentode converter can be 
used. (The signal-to-noise ratio at the 
converter output should be at least 10 to 
1 for a satisfactory picture.) On the other 
hand, if the r-f amplifier gives only mod-
erate gain, it is necessary to use a tri-
ode converter, to keep the noise well 
below the signal. Even if a high-gain 
pentode r-f stage is used, it's often fol-
lowed by a triode converter to keep noise 
to a minimum. 

Converter Bias. — When a grid leak is 
used to bias the converter — as in most 
front ends — it is the injected oscillator 
signal which provides nearly all the d-c 
bias voltage. Therefore, even if there is 
no signal coming from the antenna, there 
should still be a d-c bias measuiable at 
the converter grid, if the oscillator is 
operating correctly. The amount of oscil-
lator injection is not particularly critical, 
as long as it is above the minimum to 
provide a class AB bias. 

In some converters the bias is ob-
tained by means of a cathode resistor. 
The above statements also hold true in 
this case. Where fixed bias, or bias from 
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the AGC circuit are used, however, the 
level of oscillator voltage becomes im-
portant to efficient operation. For this 
reason, and because it is difficult to 
maintain the sanie oscillator output over 
the very great frequency range required, 
these systems of bias are not so popular 
as cathode and signal bias. 

Tuning the Converter. -- In order to 
help build the signal of the desired chan-
nel to as great an amplitude as possible, 
the input circuit of the converter employs 
a parallel-resonant tuned circuit like those 
of the r-f amplifier and oscillator. The 
amplified signal coming from the r-f stage 
encouaters a high impedance which en-
ables it to develop the largest practicable 
voltage at the grid of the converter. Sig-
nals at other than the selected frequency 
see only a low impedance and are unable 
to develop any appreciable voltage. 

The converter input circuit in RCA 
front ends can be physically arranged on 
a switch wafer(or two, if push-pull)in the 
same manner as the oscillator tuned cir-
cuit, previously described. The same 
front-panel control switches both simulta-
neously from channel to channel (and the 
r-f amplifier, also). In other makes of re-
ceivers, the tuning of the converter fol-
lows whatever method is used for the r-f 
stage and oscillator. 

Converter Output Circuit and Coupling 
to I-F Stages.-- The plate of the converter 
operates into a load which consists of a 
tuned circuit resonant at the i-f frequency. 
Thus, the difference frequency produced 
by the local oscillator beating with the 
desired signal is permitted to build up 
the maximum practicable voltage and be 
sent on to the i-f stages, while other sig-
nals are largely rejected. The manner in 
which this signal is coupled to the first 
i-f stage is quite important, not only to 
achieve good transfer of energy, but to pre-
vent still another possibility of oscillator 
radiation. The fundamental frequency of the 
local oscillator is also present in the con-
verter output and if this is permitted to 
couple to the main chassis of the receiver, 
it is quite likely to cause serious radia-
tion. This is true because the oscillator 
current would be almost certain to find 
some piece of metal which would be the 

proper length to act as an antenna. There-
fore, it is desirable to reduce stray coup-
ling between the converter and the main 
chassis to an absolute minimum. This can 
be done if capacitive coupling is used, 
and this type of coupling is fairly com-
mon. Link (inductive) coupling is very 
successful here, because as we have men-
tioned, it reduces stray capacitive coup-
ling to practically nothing. In addition, a 
link is mechanically convenient, because 
it can have almost any physical length 
within reason. Therefore, work on the r-f 
unit is facilitated when a link is used, 
since the unit can be removed from the 
main chassis and reconnected by a link 
of whatever length is necessary. 

THE R -F AMPL IF/ER 

31-4. Functions. -- The r-f amplifier 
stage has two major jobs to perform, and 
several others which are connected with 
these. Basically, the principal functions 
of this stage are: 

1. Preselection of the desired channel. 
2. Amplification of the selected signal. 

The job of preselection involves more 
than simply tuning a resonant circuit fre-
quency of the desired channel. We men-
tioned in paragraph 31-1 that certain types 
of undesirable r-f signals are unaffected 
by the selective action of the i-f stages 
and can get through to cause interference 
on the kinescope. The two principal types 
of interfering r-f signals are images and 
direct i-f interference, which are defined 
and discussed below. Right now, we're 
interested in the fact that part of the pre-
selection task is to eliminate these sig-
nals before they get to the converter. So, 
we not only have to preselect the desired 
signal, but reject the troublesome ones. 
In addition, the selective r-f circuits and 
the primarily one-way action of the ampli-
fier tube help to prevent oscillator energy 
from getting to the antenna, where it would 
radiate interference to other sets. 

The amplification function also in-
volves other factors. The r-f amplifier is 
the first tube encountered by the weak in-
coming signal; therefore the amount of 
noise present in this tube determines the 
signal-to-noise ratio. Also, we'll see that 
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this noise level has a direct relation to 
the useful gain of the whole receiver. In 
other words, it determines whether or not 
we'll get a satisfactory picture from a 
weak signal. The problem of getting 
enough gain in the r-f amplifier stage it-
self ( not just the tube) is complicated by 
the fact that as the bandwidth increases 
the stage gain decreases -- and we're try-
ing to amplify a band of frequencies 6 mc 
wide. 

Let's bear in mind that a superhetero-
dyne receiver will work without an r-f am-
plifier stage. Broadcast receivers often 
do without it and even some early TV 
sets were made in which the antenna sig-
nal was led directly into the converter 
input. When we try to do without the r-f 
stage, however, the picture quality imme-
diately goes bad, because of the relative-
ly high noise level in the converter and 
because there's nothing to stop strong 
interfering signals from forcing their way 
into the converter. Also, the oscillator 
signal can get to the antenna easily and 
ra ,liate interference to neighboring re-
ceivers. 

One more thing to remember-- although 
we 11 refer to the r-f amplifier in this gen-
era! discussion as a single-tube stage, 
there is no reason why it has to be. We 
can operate single-ended or use two tubes 
(often in a single envelope) in push-pull. 
We can also use two stages, for greater 
amplification, or we can operate two tri-
odes with low noise level in such a man-
ner E.s to provide as much or more gain 
than a pentode. Two important circuits of 
this type are the " casc ode" and the 
"totem" amplifiers. These r-f amplifier 
circuits are described later in the lesson. 

Wovetraps and Filters.-- Before we get 
into the subject of preselection and the 
rejection of interfering signals, we must 
consider the manner in which L and C 
combinations can be used as filters or 
traps to block certain frequencies while 
permitting others to pass. The theory be-
hind filtering action has been thoroughly 
covered in Lessons 17 and 18. There we 
learned that the reactance ( opposition to 
current flow) of a coil increases as the 

frequency increases while the reactance 
of a capacitor decreases with increasing 
frequency. We also learned that the im-
pedance of a series-resonant circuit is 
minimum at resonance while that offered 
by a parallel-resonant circuit is maximum 
to the resonant frequency. 

Quite often, in r-f tuners, you'll find a 
parallel-resonant circuit in series with the 
r-f signal path, or a series-resonant cir-
cuit across it, as shown in Fig. 31-18. 
These are known as " wavetraps" or just 
"traps". We have seen that a parallel-
resonant circuit offers maximum imped-
ance at its resonant frequency. It fol-
lows that the parallel-resonant trap in 
series with the line (Fig. 31-18a) must 
cause large or complete attenuation of 
signals at its resonant frequency, but have 
little or no effect on signals at frequen-
cies somewhat removed from resonance. 
The parallel-resonant trap is always in 
series with the line. The series-resonant 
trap shown at b offers minimum impedanc,. 
to signals at the resonant frequency. 

Therefore, since it is always connected 
in shunt, it looks to the signal like a 
short circuit path and prevents all or most 
of the signal from proceeding. Both types 
of traps are usually tunable over a band 
of frequencies, but they do not attenuate 
the entire band -- only the resonant fre-
quency and those near it on both sides. 
The traps, then, are useful to tune out a 
single interfering signal, such as that 
from a nearby FM station. 

o  

o 
(0) 

o 

o 

b) 

Fig. 31-18 

o 
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Let's consider the four basic types of 
filters in terms of the jobs they perform. 
Here is the list: 

1. Low-pass filter -- permits all fre-
quencies below a desired cut-off 
frequency to pass without interfer-
ence, but attenuates all frequencies 
above cut-off. 

2. High-pass filter -- passes all fre-
quencies above cut-off, but attenu-
ates those below. 

3. Band-pass filter -- has two cut-off 
frequçncies and passes the band of 
frequencies between them, while 
attenuating all others above and 
below. 

4. Band-elimination filter -- also has 
two cut-off points, but eliminates 
the band of frequencies between 
them and permits all frequencies 
above and below the band to pass. 

There are many possible LC combina-
tions which will perform each of these 
four filter functions, but each can be 
broken down into its basic form. For in-
stance, when you see one or more coils 
(usually two) in series with the signal 
path and a capacitor shunted across it, 
you can be fairly certain that this is a 
low-pass filter. On a schematic it looks 
like this: 

OR 

LI 

L2 

L2 

L, L2 

unbalanced 
line 

balanced 
line 

0---f 040-0  reRfP o 

Fig. 31-19 

Without going into the theory too far, 
it's apparent at a glance that the reac-
tance of coils L1 and L2 is much greater 
to signals at high frequencies than it is 
to signals at lower frequencies, hence 
there is more and more attenuation as the 
frequency increases. At the same time, 
capacitor C offers a high teactance to low 
frequency signals, but this reactance le-
creases with increasing frequency. To a 
signal at some higher frequency, C looks 
practically like a short circuit. 

Depending upon the values chosen for 
L and C, there will be some cut-off fre-
quency above which all signals will be 
attenuated by the coils and partly or 
wholly shorted out by the capacitor. All 
frequencies below cut-off, however, will 
pass freely. Therefore, the combination 
is called a low-pass filter. 

The high-pass filter is exactly the op-
posite arrangement. It looks like this: 

OR 

o  

2C1 

C2 

HF-

2C2 

 o 

unbalanced 
line 

2C1 2C2 

 o 

balanced 
line 

Fig. 31-20 

 o 

As we would expect, the action is sim-
ilar to that of the low-pass filter, but in 
reverse. Here, the reactance of the shunt 
coil becomes smaller as the frequency 
decreases, until it begins to look like a 
short circuit path to lower-frequency sig-

evn. e-Nn 
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nais. The capacitors offer higher reac-
tance in the series path as the frequency 
goes lower. For signals below the cut-off 
frequency there is high attenuation and 
a low-reactance shunt path. Frequencies 
above cut-off see a high inductive reac-
tance across the line, which keeps them 
from shorting out, and practically no op-
position from the capacitors, so they 
travel along the line where we want them 

to go. 

This high-pass type of filter is very 
useful in TV front ends because it helps 
us to reject possible interference from 
all the stations below the television fre-
quencies. Fig. 31-21 shows a sample 
attenuation curve for a high-pass filter of 
this type. Fc is the cut-off frequency, 

the lowest ( in this case) frequency which 
is passed without attenuation. Below cut-

off you'll notice that the attenuation does 
not increase very rapidly. This sharpness 
of cut-off is very important in rejecting 
signals which are very close to the tele-

vision frequencies. The simple filter we 
show in Fig. 31-20 does not have a sharp 
cut-off, but by using more complex de-
signs, often with two or more sections, 
and high-Q components, the cut-off curve 
can be made very steep. This is true of 

all four basic types of filters. 

Fig. 31-21 

The band-pass filter is one which looks 
quite familiar. 

This looks like the coupling circuit 
between amplifier stages and it works in 
exactly the same way. The resistive im-

unbalanced 
line 

or 

2C 

balanced 
ne 

Fig. 31-22 

pedance of each parallel-resonant circuit 
is maximum at the resonant frequency, 
permitting a signal at that frequency to 
build up a maximum voltage across it. To 
frequencies on each side of resonance, 
however, the circuits offer a low impe-
dance and what amounts to a shorting 
path. If these frequencies are very far 
removed from resonance, they cannot de-
velop enough of a voltage across the im-
pedance to get out of the filter. The band 
that is passed consists of only those fre-
quencies fairly close to resonance on 
both sides, depending on the Q and the 

values of L and C. 
The band-elimination filter is the re-

maining type, and it is shown in Fig. 

31-23. 
Here we have a parallel-resonant cir-

cuit in series with the line and a series-
resonant circuit in shunt. When signals 
coming along the line encounter the par-
allel resonant trap circuit, it offers a 
high impedance to any frequencies at or 
near its resonance point, but lets other 
frequencies pass easily. If the trapped 
signal is quite strong, some of its energy 
may get by the parallel resonant trap, 

only to encounter the series resonant trap 
which has the same resonant frequency. 
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unbalanced line 
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o  

2C1 

2  
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balanced line 

Fig. 31-23 

2 

2 

We know that a series-resonant circuit 
offers a very low impedance to the reso-
nant frequency, so the signal which has 
already been attenuated is now shunted to 

channel 2 
(55.25mc) 

FM Station 
(104 mc) 

fundamental 
frequencies 

ground by the series resonant trap. There-
fore, the band of frequencies around the 
resonant point of the traps is eliminated. 
As usual, the bandwidth is determined by 
the values of the coils and capacitors, 
and to a certain extent by their Q. 

Rejection of Images and Direct I-F 
Interference. -- An image is an r-f signal 
that beats with the output of the local 
oscillator and produces a difference fre-
quency which is within the range accepted 
by the i-f amplifier stages. The interfer-
ence commonly encountered from FM sta-
tions gets into the receiver as an image. 
Direct i-f interference is caused by r-f 
signals whose fundamental frequencies 
are within the i-f range. These signals 
pass through the converter as fundamen-
tals and are accepted by the i-f stages. 

The manner in which an image is 
formed and passed through the receiver is 
illustrated in. Fig. 31-24. We're assuming 
a picture i-f of 25.75 mc. The channel-
selector switch is set at Channel 2, caus-

ing the local oscillator to operate at 81 
mc. Suppose now that a 104 mc signal 
from an FM station is also present at the 
converter input. This frequency beats 
with the frequency of the oscillator and 
produces at the converter output a differ-
ence frequency of 23 mc ( 104 minus 81). 
This 23 mc signal is well within the pass 
band of the picture i-f stages and is read-
ily accepted. Since it is not part of the 
Channel 2 modulation information, how-

difference 
frequencies 

converter 
input 

- 8Imc-55.25mc 

- 104mc-8Imc 

181 mc 

local 
oscillator 

Fig. 31-24 

converter 
output 
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23mc 

• rejed ecat by 
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picture 
i-f 

pass band 

, rejected 
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rejected 
by 

i-f stages 

81 mc 

local 
oscillator 

Fig. 31-25 

ever, it shows up on the kinescope as 
interference. In receivers not using the 
intercarrier system, it may also show up 
in the sound. The frequency of the station 
causing image interference is always as 
far above the local oscillator frequency 
as the desired channel is below it. In 
other words, the image frequency is twice 
the intermediate frequency added to the 
the desired frequency. This example is 
for an oscillator frequency above the 
frequencies of the incoming r-f signal, 
which is the way the local oscillator 
usually operates. In some receivers, how-
ever, it operates below om the high band. 

Direct i-f interference is the second 
principal type which may be caused by an 
unwanted r-f signal. Fig. 31-25 shows how 
this occurs. A strong 23-mc r-f signal 
from a shortwave station appears at the 
converter input. Regardless of the local 
oscillator frequency, the fundamental of 
the 23 mc signal (as well as the sum and 
difference frequencies)appears at the out-
put of the converter. Since the fundamen-
tal frequency lies within the i-f range, it 
will be passed on through the receiver 
and show up as interference in the picture. 

For trouble-free reception, it's logical 
that both these types of interference must 
be eliminated, or at least cut to a minimum, 
before the undesirable signals reach the 
input to the converter. The tuned circuits 
of the r-f amplifier, between the antenna 
and the converter, give us fairly good pre-

/ 
picture 

f 
pass bond 

rejected A 

selection. By arranging the circuits in 
such manner that when the channel-se-
lector switch is set to receive a par-
ticular channel the resonant circuits are 
also tuned to accept only the frequencies 
in that channel, we help to reject others. 

Strong signals, however, can still force 
their way through the r-f amplifier, partic-
ularly if they are not too far removed from 
the resonant frequency. ( The newer 45.75 
mc intermediate frequency helps in this 
respect, by making image signals 80 to 
90 mc away from the resonant frequency 
of the r-f circuits.) The tuned circuits of 
the r-f amplifier cannot be made to have 
zero response to all frequencies outside 
the pass band; therefore a very strong sig-
nal from a nearby FM station, for instance, 
may be able to develop a small voltage 
across the resonant circuit. This voltage 
will be amplified by the r-f stage and 
transferred to the converter input, which 
is exactly where we don't want it. 

So, to prevent these strong signals 
from sneaking through the r-f stage, we 
can use some of the filters just discussed. 
We can place them either at the input or 
output of the stage, whichever is more con-
venient. In general, it's easier to reject 
a weak signal, before we amplify it, hence 
the filters are likely to appear ahead of 
the tube in a good many circuits. 

Layout of the R-F Stage. -- Now that 
we've covered the important fundamentals, 
let's take a look at a fairly typical r-f 
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stage and see how it breaks down in terms 
of preselection. Fig. 31-26 shows in block 
form two possible arrangements of the 
stage. Notice that the FM trap may be 
located either ahead of or after the tube. 
This is also true of the i-f filter, but the 
elevator transformer must always be lo-
cated as shown. This is an impedance-
matching device, which provides a good 
match between the transmission line from 
the antenna and the input circuit of the 
receiver. A good impedance match here 
helps the desired signal to develop the 
largest practicable voltage without seri-
ous losses due to reflections or other un-
desirable effects. The stronger the signal 
of the desired channel when it reaches 
the grid of the r-f amplifier, the better the 
signal-to-noise ratio, so we do everything 
possible to aid it. 

Fig. 31-27 shows a schematic of the 
same r-f stage, divided into the four basic 
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sections: matching, i-f filter, FM trap and 
the input of the tuned amplifier itself. 
Nearly any TV receiver r-f stage can be 
sectioned off in this manner, since the 
same general functions must be performed, 
so if you run into an unfamiliar schematic 
look for a matching device, filters and the 
input tuned circuit. 

Elevator Transformer. -- Section 1 on 
the drawing is the matching device. This 
consists of four windings on separate 
coil forms, each of which is the equiva-
lent of a coiled 150-ohm transmission 
line. The coiled shape gives the trans-
mission lines a high end-to-end imped-
ance, which makes it possible to have 
one end groun ded while the other is 
"hot". The series connection shown on 
the main schematic matches the input 
from a 300-ohm balanced line into the re-
ceiver, while the series-parallel connec-
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tion shown below it matches an unbalanced 
72-ohm coax to the 300-ohm receiver in-
put. The transformer provides approximate-
ly the same effective match over the entire 
TV band, which is important to insure 
equally good reception on all channels. 

The matching or " elevator" transform-
er is a very versatile device for use in 
any case of matching 300-ohm or 72-ohm 
impedances, or any combination of the 
two, not only at the receiver input, but in 
other applications. It is a balance con-
verter as well as a matching device. 

Fig. 31-28 is included to show you 
some of the useful ways in which this 
transformer can be employed. The draw-
ing at A shows the manner in which the 
four windings are related and can be re-
garded as two sections of transmission 
line. If it is desired to match a 300-ohm 
source to a 300-ohm load, the job can be 
done by using the connections shown in 
B, C and D, choosing the connection 
which is appropriate. Any example shown 
in this figure can be reversed, as far as 
balance is concerned. For instance, the 
connections at D can be reversed to con-
nect a single-ended source to a balanced 
load. Drawings E, F and G show the con-
nections for matching source and load of 
72 ohms each, while H, 1, I and K illus-
trate the case where 72 ohms must be 
matched to 300 ohms, whether the line 
balance is to be changed or not. 

l-F Filter. — Section 2 ( on Fig. 31-27) 
is a high-pass filter which matches the 
300 ohms from the elevator transformer. 
This is a little more complicated than the 

320 12 
Imbeeted 

7212 
songle 
ended 

high-pass filter we discussed previously, 
but you'll notice it has the same general 
make-up. This filter section has a cut-off 
frequency just below the lowest TV chan-
nel ( below 54 mc) and it is so designed 
that the maximum attenuation is offered to 
interfering signals in the i-f range (21 to 
26 mc). It provides good attenuation for 
any signals below Channel 2, however. In 
some receivers, you'll also find a low-
pass filter which rejects signals above 
the frequency of Channel 13. 

FM Trap. -- Section 3 is an FM trap. 
In this case it is a simple resonant cir-
cuit, acting as a shunt trap in series with 
the line. It can be tuned over the 88 to 
108 mc FM range by adjusting a threaded 
core of brass or powdered iron to vary the 
inductance. It will attenuate signals at 
the frequency it is tuned to and for a short 
range on both sides while permitting fre-
quencies above and below the FM band to 
pass without interference. 

Amplifier Stage. -- Section 4 has two 
jobs to perform. It provides selectivity 
and helps step up the signal voltage to 
the grid of the r-f amplifier. Tuning is 
handled in the same manner as the tuning 
of the oscillator and converter. In many 
sets, the tapped inductance is mounted on 
a switch wafer and ganged with the wafers 
for the other stages of the tuner. Resistor 
R11 is used to provide a bandwidth of 10 
to 15 megacycles on each channel. This 
is more than is needed for the 6 mc chan-
nels, but it helps to make a more nearly 
resistive load to match the 300-ohm input 
from the filters. The signal voltage is 
applied to the tank circuit across C20 and 
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a voltage gain to the grid of about 1.8 is 
obtained. C21 and C18 are d-c blocking 
capacitors to keep the bias voltage away 
from ground and from the antenna circuit. 

The output circuit into which the r-f 
tube operates is usually conventional. It 
is tuned to the frequency of the desired 
channel, by means of inductances mounted 
on a switch wafer, as explained previously. 

Coupling to the Converter.-- As in the 
oscillator, we can couple the output sig-
nal from the r-f amplifier to the converter 
by inductive or capacitive means, or a 
combination of the two. Inductive coupling 
by means of a link is fairly common, as is 
the use of a capacitor. Whatever means is 
employed, the degree of coupling is fairly 
critical. It is especially desirable to keep 
the coupling very low at the local oscilla-
tor frequencies and the image frequencies, 
to prevent oscillator radiation and image 
interference. In order to accomplish this, 
it is necessary to eliminate every possi-
ble form of stray coupling between the 
r-f output circuit and the input to the con-
verter. Often a grounded shield is placed 
between the components of the two circuits 
to help reduce undesired coupling to a 
minimum. 

The R -F Amplifier Tube. -- We have 
two major considerations in choosing the 
r-f amplifier tube. First, we want to ob-
tain a fair amount of gain, to boost the 
weak signal voltage, and second, we must 
keep the noise level low, to prevent ex-
cessive snow from spoiling the quality of 
the picture. These objectives are contra-
dictory, because triodes have a low inter-
nal noise but only moderate gain, while 
higher-gain pentodes are noisier. 

We have said that a tube operated as 
an amplifier generates less internal 
"shot" noise than the same tube operated 
as a converter. A fixed amount of snow 
is generated in the converter, and added 
to the signal as it passes through this 
stage. However, with enough gain in the 
r-f amplifier to boost the signal to a fairly 
high level, the converter noise becomes 
insignificant, resulting in a favorable sig-
nal- to-snow ratio. Since both the signal 
and the snow are equally amplified by the 
receiver, any ratio of signal- to-snow set 

in the tuner will appear in the picture. 
And since any snow in the r-f amplifier is 
added to the fixed amount of snow always 
generated in the converter, snow must be 
kept at a minimum in the r-f amplifier. 
The amount of noise generated in the r-f 
amplifier determines the useful gain of 
the receiver. 

Feedback in Triode R-F Amplifiers. --
When a triode amplifier is used at radio 
frequencies, feedback occurs, exactly as 
in an oscillator, and the amplifier begins 
to oscillate. This, of course, destroys 
its usefulness as an amplifier. The fun-
damental amplifier circuit shown at a of 
Fig. 31-29 is the same as a tuned-grid 
tuned-plate oscillator. A portion of the 
output voltage is fed back through the 
plate- grid capacitance of the tube to the 
grid circuit, where it adds to the signal 
voltage and causes oscillation. If a triode 
with its relatively large plate- grid capa-
citance, is used as an r-f amplifier, some 
form of neutralization must be employed 
to cancel the feedback through the tube. 
(This trouble does not arise with pen-
todes, because the screen grid reduces 
the plate-control-grid capacitance. 

Neutralization is accomplished by in-
ductive or capacitive feedback of another 
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voltage, exactly equal and opposite in 
phase to the undesired feedback voltage. 
These two voltages meet and cancel out 
at the grid. 

A simple neutralizing method for a 
push-pull circuit is shown at b of Fig. 
31-29. The crossed neutralizing capaci-
tors are approximately equal to the tube 
feedback capacitances. Each one trans-
fers a voltage equal to the feedback, but 
180° out of phase with it, through the tube. 

Grounded-grid Amplifiers. -- The chief 
disadvantage of a neutralized triode as an 
r-f amplifier is the difficulty of getting 
good neutralization over a wide range of 
frequencies without having to change the 
adjustment of the feedback capacitor. 
This type of circuit has been successfully 
used, however; an example is the RCA 
KR K-2 front end. 

Instead of neutralization, the grounded-
grid method of operation may be used. In 
this method, the tube capacitance (feed-
back path) between output and input cir-
cuits is reduced by applying the input 
signal to the cathode and grounding the 
grid to act as a shield between cathode 
and plate. The basic circuit is shown in 
Fig. 31-30. It is easy to adjust, stable, 
and has good broadband response. The 
gain is lower than that of a neutralized 
triode, however, and it is usually neces-
sary to use two or more stages to deliver 
a sufficiently strong signal to the con-
verter. Certain triode tubes, such as the 
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6J4, are designed especially for grounded-
grid operation. As u-h-f TV comes into 
use, " lighthouse" and " pencil" tubes 
probably will be used as grounded-grid r-f 
amplfiers. A grounded cathode r-f stage 
followed by a grounded grid amplifier is 
called a cascode or totem circuit. 

The " Totem" Circuit. — This circuit 
gets its name from the fact that the r-f 
amplifier uses two stages in series, as 
shown in Fig. 31-31 b. Figure 31-31 a is 
a simplified schematic of the complete 
circuit. V1 is connected as in an ordinary 
circuit, except that it receives plate volt-
age from the series connection with V2. 
The incoming signal develops a voltage 
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R7 
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across L1, which is applied between grid 
and cathode of V1 in the usual manner. 
Rb merely broadens the response of the 
tuned circuit, since the bias comes from 
the AGC circuit. The principal function 
of V1 is to provide a good signal-to-noise 
ratio; the gain is very low. 

V2 is the grounded-grid amplifier, 
which provides most of the gain of the r-f 
stage. The small capacity of C3 effect-
ively grounds the grid for r- f, while R2 
provides the bias. The signal is coupled 
between the tubes by C2, which is the 
combined cathode-grid ana cathode-heater 
capacitance of V2, and coil L2. This coil 
and capacitance form a series-resonant 
circuit which offers a very low impedance 
to the resonant frequency and results in a 
low impedance at the plate of Vi. At this 
point, the r-f current is high and the r-f 
voltage low. The cathode of V2 is con-
nected to the high-voltage point, however, 
since the impedance across the capacitor 
is very high, which means that the r-f cur-
rent is low and the r-f voltage high. This 
results in good voltage gain in the signal 
fed to V2. The coil and capacitance cover 
the complete TV band, and no tuning is 
necessary. 

Since the tubes are in series and act 
as resistance to the plate supply voltage, 
a voltage-divider effect results and the 
plate voltages under normal operating con-
ditions are equal at approximately 130 
volts. V1 is biased by the AGC, however, 
and when signal conditions vary, the bias 
varies the tube resistance. This means 
that the supply voltage no longer divides 
equally between the tubes. Under some 
conditions, most of the supply voltage 
would appear at the plate of VI, causing 
a serious increase in the internal tube 
noises. Thus, some means must be pro-
vided to make the resistance of V2 " fol-
low" that of VI, so that the voltages will 
remain equal. This is accomplished by 
resistors R2, R4, R5, and R6 . (R3 is an 
isolation resistor, and has little effect on 
bias.) The bleeder formed by Rs and R6 
gives a constant reference of I-15 volts 
at the midpoint, X. When no signal is ap-
plied to the grid of V1, the plate voltage 
on both tubes is 130 volts. The plate of 
V1 is connected to the reference point on 
the bleeder through R2 and R4. The ratio 

between these resistors is about 18 to 1, 
so slightly less than one volt appears 
across R2 to bias the grid of V2. 

If a strong signal is being received, 
the AGC bias increases and the plate 
voltage of V1 rises. Suppose, for example, 
it is increased to 140 volts. The differ-
ence in potential between the plate of VI 
and the bleeder reference point is now 25 
volts, which places approximately 1.4 
volts across R2 to bias the grid of V2. 
This increased bias causes the plate volt-
age of V2 to rise, also, and the plate 
voltages remain equal regardless of 
changes in the input signal. 

PUSH-PULL TUNER 

3 1-5. Now that we have discussed the 
functions of the front end in some detail, 
we are ready to look at specific r-f units, 
beginning with the model KRK-2 which is 
a typical tuner with a push-pull circuit. 
Like most tuners, the KRK-2 is built on 
its own subchassis, which can be easily 
removed from the main chassis for repairs. 
Fig. 31-32 shows the unit set up in a jig. 

Fig. 31-32 

Figure 31-33 is the complete schematic 
of the KRK-2 r-f unit. The three stages 
use 6J6 tubes for push-pull operation, 
with the exception of the converter, whose 
grids are push-pull but whose plates are 
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connected in parallel. The three main 
resonant circuits are tuned by switching 
inductance in or out of the circuit, as pre-
viously described. These inductors are 
mounted on six switch wafers. The neces-
sary capacitance is provided by the dis-
tributed capacitance of the coils and the 
tube capacities. 

Fig. 31-33 

The R-F Amplifier.-- Signals enter the 
tuner by the balanced transmission line, 
which is terminated by resistors R3 and 
R13, providing 300 ohms in shunt with the 
line. The center-tapped coil Tv in con-
junction with the distributed capacitance 
across the line, acts as a short circuit to 
frequencies below the TV channels, with-
out destroying the match. The series-
resonant trap, L81-C21 and L82-C22, can 
be tuned from 92 to 136 mc to trap an in-
terfering FM signal. Capacitors C1 and 
C2 couple the signals to the 6J6 grids 
while blocking the bias voltage developed 
across R12 from the antenna circuits. 
They also prevent the bias from being 
shorted to ground through the center tap 
of T1. 

The necessary d-c path from grid back 
to cathode (always required in amplifiers) 
goes through R3, R13, R 12, and the power 
supply, which is not shown. Capacitors 
C3 and C4, 1.5-MMF each, are connected 
from each plate to the opposite grid to 

neutralize the feedback that might other-
wise cause the stage to begin oscillating. 
The 1.5-MMF value is about equal to the 
plate- grid capacitance of each half of the 
6J6. 

The tube, operating into the load pro-
vided by the tuned resonant circuit, am-
plifies the signal. The load circuit has a 
bandwidth of about 15 mc, centered on the 
channel being received. Plate voltage is 
supplied through R4, R1 and R2 which, with 
bypass capacitor Cll, form a decoupling 
network to keep r-f out of the power sup-
ply, and prevent undesired signal frequen-
cy feedback from a later stage. 

The Converter. -- The output from the 
r-f amplifier is coupled to the converter 
input through the link and through capaci-
tors c10, c12 and C13. There is also some 
coupling due to the fact that the circuits 
are near each other on the subchassis. As 
a result, coupling is quite uniform over 
the entire TV range of frequencies. The 
push-pull tuned grid circuit operates in 
much the same manner as the r-f plate 
circuit, and R5 broadens the response to 
obtain the necessary bandwidth. The 
series-resonant trap, L80 and C14, forms a 
bypass to ground for any i-f interference 
signal. The necessary bias voltage is 
developed across R6, the grid- leak re-
sistor, by rectification of the oscillator 
signal. 

The converter output uses the parallel-
connected plates to feed the primary of 
T3, the converter transformer. C18 pro-
vides coupling to the grid of the first pic-
ture i-f amplifier. The primary of T3 is 
resonant at 22.8 mc, and offers a high 
impedance to signals at this frequency, 
which aids in selecting the desired i-f 
from among the various fundamental and 
difference frequencies appearing at the 
converter output. Above 22.8 mc, the im-
pedance of the T3 primary drops off, but 
not rapidly, because R14 is in parallel 
with it through C18. This arrangement 
provides the necessary bandwidth. The 
T3 secondary winding is resonated with 
C20 to the sound i-f frequency, 21.25 mc, 
and the sound signal is taken off by a tap 
at the desired impedance point and fed 
directly to the grid of the first sound i-f 
tube. Since the Q of this secondary cir-
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cuit is quite high, the impedance of the 
primary at 21.25 mc is fairly low and very 
little voltage at the sound intermediate 
frequency can be developed across R14. 
This helps to keep the sound signal out 
of the picture i-f stages, where it would 
cause interference. 

The picture i-f signal is kept out of 
the sound stages by the sharpness of re-
sponse (due to high Q) of the T3 second-
ary circuit, which has a bandwidth of only 
about 200 kc. Therefore it responds very 
poorly to signals at the picture i-f fre-
quencies. Also, of course, the sound 
channel is designed to handle a frequency-
modulated signal, and the am plitud e-
modulated picture signal meets additional 
rejection because of this fact. 

The Oscillator Stage. -• The oscillator 
of the KRK-2 tuner is a push-pull circuit 
employing both halves of a 6J6 and a 
tuned plate load circuit mounted on two 
switch wafers in the same manner as that 
of the r-f amplifier. The small inductor 
sections mounted on the most accessible 
wafer can be adjusted by threaded brass 
slugs. This facilitates tuning the oscilla-
tor to the exact frequency required for 
each channel. The capacitance necessary 
to resonate the tank circuit is provided 
by the distributed capacitance of the 
inductors plus C15, the fine-tuning con-
trol. The value of this capacitor ( which 
is connected across the slugs only) is 
just enough to give a range of tuning 
which permits correcting for a minor drift 
in frequency. This range is about 1,600 
kc at Channel 2 and about 3.8 mc at 
Channel 13. 

Signal bias for the oscillator is pro-
vided by R9 and R10, in conjunction with 
R8, which helps to keep the output fairly 
uniform at all frequencies. When switched 
to a channel where the oscillator develops 
a higher output, the additional plate and 
grid current through R8 increases. Since 
the voltage drop across this resistor is 
part of the total bias, the increase acts 
to hold the oscillator output at approxi-
mately the same level. 

Capacitors C6 and C7, connected be-
tween each plate and the opposite grid, 
provide a path for the feedback voltage, 
which is required to keep the circuit in 

oscillation. These capacitors are con-
nected exactly as the neutralizing capaci-
tors in the r-f amplifier, but their value is 
larger, in order to feed back more than 
enough voltage to neutralize the circuit. 
This greater in-phase feedback causes 
the circuit to oscillate. The plate voltage 
is supplied through R7, which drops it to 
the necessary 110 volts, and also func-
tions as an isolation resistor. C19 by-
passes r-f around R7 (this capacitor is 
omitted in some tuners) and C8 bypasses 
r-f from the junction of R7, R4 and R1 to 
aid in preventing high-frequency feedback 
into the power supply. 

The oscillator output is coupled to the 
converter through the link and also direct-
ly, since the circuits are close together. 
This helps to keep the oscillator injection 
about the same on all channels. 

PUSH-PUL L AND SINGLE-ENDED TUNER 

31-6. Fig. 31-34 shows a typical tuner 
with a push-pull oscillator circuit but 
single-ended tuning circuit for the r-f 
amplifier and converter stages. Two 
models using this circuit are the KRK-5 
and KRK-7. In the KRK-7 unit the fine-
tuning control is operated by a separate 
knob; otherwise the two units are prac-
tically the same. 

The KRK-5 differs in several ways 
from the KRK-2 unit just described, al-
though the push-pull oscillator is retained. 
The r-f amplifier and the converter are 
6AG5 pentodes, operated single-ended, 
which makes possible higher r-f gain and 
a reduction in oscillator radiation, be-
cause the oscillator is better isolated 
from the antenna circuits and because 
less oscillator injection is required. Since 
less output is needed, the oscillator is 
operated at a lower plate voltage, reduc-
ing direct radiation. 

The channel-switching arrangement re-
mains the same, and the inductors of the 
tuned circuits are mounted on switch wa-
fers, as before. Five wafers are used in 
KRK-5. Although two stages are single-
ended, the grid of the r-f amplifier has a 
resonant circuit, which adds the extra 
wafer. 
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The R-F Amplifier and Converter. --
Either 300 -ohm transmission line or 72-
ohm coax may be used to bring the sig-
nals from the antenna. The elevator trans-
former, T118, which has already been de-
scribed, matches the transmission line or 
coax to the 300-ohm input circuit of the 
tuner. Both connections are shown at the 
upper left of Fig. 31-34. 

The complete high-pass input filter is 
made up of L116, C189, L7, C22, and L67. 
These components permit TV signals to 
pass, but block and bypass all frequencies 
below the lowest TV channel. They also 
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provide a 300-ohm input impedance to 
match the output of the elevator trans-
former. 

C20 is connected across the input cir-
cuit, effectively in parallel with grid re-
sistor R11, which broadens the response 
of the tuned circuit to about 10 to 15 mc. 
When this circuit is used in a fringe area 
where signals are weak, a 10,000-ohm re-

sistor may be substituted for R11. This 
reduces the bandwidth and improves the 
useful sensitivity, resulting in less snow 
in the picture, although the resolution may 
be less sharp with strong signals. In a 
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modified version of the KRK-5, a 390-ohm 
resistor, R14, is connected in parallel 
with C20, and R11 is 10,000 ohms. In this 
circuit, the 390-ohm resistor provides the 
bandwidth, and is removed for fringe-area 
reception. When either of these changes 

is made ' L66 must be touched up for the 
weakest low-frequency station. In stronger 
signal areas these changes should not be 
made, since they result in somewhat poor-
er picture quality. L66 should then be 
adjusted for normal flat response. 

Capacitor C21 blocks the d-c bias volt-
age from the antenna circuit, where it 
would be grounded through LT and L67. 
The C20-C2/ combination matches the 
output impedance on the filter and pro-
vides a step-of voltage to the grid of the 
tube, which results in a voltage gain of 
about 1.8 going into the 6AG5. L6 is the 
inductance required to tune the highest-
frequency channel, in conjunction with 
the input capacitance of the tube, and 
L56 to L66 are added one at a time to tune 
the lower channels. 

The pentode r-f tube provides good 
isolation to prevent oscillator radiation 
by virtue of the low plate-control grid 
capacitance. After the preselected signal 
is amplified in the tube, it is sent to the 
tuned load circuit. Inductors L5, L13, and 
those mounted on the switch wafer are 
resonated by the tube output capacitance. 
On Channel 8 and below, R10 broadens 
the response of the resonant circuit to 
give the necessary bandwidth. In order 
to clarify the action of this output circuit 
and the coupling to the converter, the 
simplified version of Fig. 31-35 can be 
compared with the main circuit diagram. 

Note that Lr, Cb, Lc and Cc are in 
series, and resonated by the tube output 
capacitance, Co. Lc and Cc are also 
common to the converter input circuit, 
and form the coupling element between 
the two stages, When the r-f amplifier 
tube develops a signal voltage across the 
output circuit, the portion across Lc and 
Cc is applied to the grid of the converter 
tube. This coupling circuit (Lc and Cc) 
is only switched when going from the high-
frequency channels to the low, or vice 
versa. The values used for Lc and Cc on 
either group of channels are such that the 
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Ci 

coupling circuit is series-resonant above 
the highest frequency of the group in use. 
At and near the resonant frequency, the 
combination amounts to a wavetrap, and 
bypasses these frequencies to ground. 
Therefore, the oscillator signal which is 
in the converter input circiiit is effective-
ly grounded, and prevented from working 
back toward the antenna. In addition, any 
image frequencies coming through the r-f 
amplifier are trapped here. To help elim-
inate stray coupling which might destroy 
the advantages of this arrangement, a 
grounded shield is used between the two 
stages, as shown. Small adjustments in 
bandwidth and degree of coupling can be 
made by varying the capacitor functioning 
as Cc, but care should be taken to avoid 
loss of gain. 

Comparison of Fig. 31-35 with the main 
schematic for the KRK-5 shows that Cc 
is C11 for the high-frequency channels, 
and Lc is the inductance of the leads. On 
the lower channels, C11 and C12 in series 
make up Cc, while Lc is L4 and the lead 
inductance, Cb is used to keep the r-f 
amplifier plate voltage from the grid of 
the converter. C15 performs this function 
on the high channels, and C16 on the low. 
C14 is a trimmer which is used to compen-
sate for differences in output capacitance 
between r-f tubes. This capacitor is 
mounted within the coil L5, and is used 
to track the high-frequency channels. The 
same function is handled in the converter 
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input circuit by C16, and L3. C13 and C19 
are bypass capacitors and R13 is an iso-
lation resistor which permits a scope to 
be connected to the test point for r-f 
sweep alighment. 

The converter input tuned circuit is 
similar to that of the r-f amplifier stage. 
The grid-leak resistor is R8; it develops 
the proper bias for the converter when the 
oscillator injection is at the proper level. 

Con version and amplification take 
place in the converter tube, a 6AG5 pen-
tode, which operates into the load pro-
vided by the primary of T1, the converter 
transformer. The tuning of this winding 
is broadened by the load resistor, R6. A 
link is used to provide coupling to the 
secondary, which is mounted on the main 
chassis, some distance away. The coup-
ling here is fairly critical, since it affects 
the receiver alighment. This is why an 
r-f unit from one receiver usually cannot 
be installed in another without re-align-
ment. 

Chokes L10 and Lll and capacitor C9 
in the heater circuit are included to pre-
vent r-f feedback, which can occur at TV 
frequencies because of the capacitance 
between the cathode and heater in heater-
type tubes. A similar filtering action is 
provided by L12 and C17 at the heater of 
the r-f amplifier. R5 is an isolation and 
dropping resistor for the converter plate 
voltage, and C7 is a bypass capacitor to 
aid in keeping r-f out of the power supply. 

The Local Oscillator. -- The push-pull 
local oscillator uses both halves of a 6J6 
dual triode in essentially the same circuit 
as that employed in the KRK-2. The plate 
circuit is tuned to the desired frequencies 
by switching the inductors, which are 
as that employed by switching the induc-
tors, which are mounted on two wafers. 
On one wafer, the inductors are adjust-
able, for tracking. It is important to have 
an adjustment for each channel, since for 
proper selection of channels the oscilla-
tor frequency is fairly critical. The tuning 
of the r-f and converter circuits is broad 
enough that adjustments are necessary 
only for Channels 6 and 13. 

C1 is the fine tuning control, which is 
mounted inside LI. The fine tuning range 

is about 500 kc on Channel 2 and about 
1,300 kc on Channel 13. Trimmer capaci-
tor C6 is the Channel 13 adjustment, and 
is located inside the Channel 13 inductor, 
L2. C4 and C5 are the feedback capacitors 
and the bias is developed across R2, R3 
and R4. The decoupling network made up 
of R1, C2, and C3 keeps r-f out of the 
power supply. 

Link coupling is used to inject the os-
cillator signal into the converted grid 
circuit, although there is also some injec-
tion by direct radiation. Since the amount 
of oscillator energy required by this con-
verter circuit is less than that needed in 
KRK-2, the oscillator can be operated at 
a plate voltage as low as 68 volts, re-
sulting in less oscillator radiation. 

TWO- TUBE S INGLE-ENDED TUNER 

31-7. There are a number of differ-
ences between this tuner and the KRK-2 
and KRK-5 units, but none are major 
changes. For instance, tuning is again 
accomplished by switching small values 
of inductance in or out of the circuit, and 
the inductors are mounted on ganged 
switch wafers. A single-ended triode con-
verter stage is used, and the oscillator is 
a single-ended Colpitts type. These two 
stages are in a 6J6 envelope, providing a 
two-tube tuner with the r-f stage,as shown 
, in Fig. 31-36. 

The R-F Amplifier. -- The elevator 
transformer' T200, provides matching be-
tween the antenna line and the receiver 
input, as in the KRK-5. The 100-MMF 
series capacitor, C202, reduces interfer-
ence from AM broadcast stations below 
the lowest television frequency, and also 
helps to reduce blocking due to strong 
signals. This is achieved because the 
value of C 2 is such that it begins to 
offer some impedance to signals at fre-
quencies just below the TV bands, the 
impedance increasing as the frequency is 
decreased. The increased impedance to 
these undesired signals results in poor 
matching into the filter network, but 
leaves the television frequencies unaf-
fected. In this way, low-frequency inter-



1.14 

81-4 LYS 

I mu- s 

:4 1 • 

•• 

51-1 
i11.13•4T 

ecr:gT 
14 

Fig. 31-36 

Two-Tube Single-Ended Tuner 

UNIT 
NATCNI -I I UNIT 

Ludo vim cm e t b6 m„ 
100 MO Ise j 

I"'" 

1.141 

c 
lo-u 40-3.0 

e1-3. 

T, 

CO.v ••• 
TUN. 111. 

'5°0; 

• t1. 

fering signals are considerably attenuated 
before they reach the grid of the r-f ampli-
fier tube. 

The high-pass input filter, made up of 
200, C200, L202, L201, and C201' functions 

as explained previously. To this has been 
added an F-M trap, L203 and C203, which is 
a parallel-resonant circuit, tunable from 
90 to 110 mc to eliminate F-M interfer-
ence, This trap can be reached for adjust-
ment from the top of the r-f subchassis. 

As shown by the broken line on the 
schematic, the entire input circuit, in-
cluding the elevator transformer, the input 
filter and the F-M trap, is fully shielded 
to help prevent stray pickup of undesired 
signals. 

The input and output tuned circuits of 
the r-f amplifier are very much like those 
of the KRK-5. The tube is a 6CB6, a 
newer pentode than the 6AG5, with better 
gain and a lower noise level. It also has 
a lower feedback capacitance ( plate to 
control grid), which reduces oscillator 
radiation. A cathode-bias resistor, R8, is 
added, bypassed by C24' The values of 
these two components are such as to cut 
down large variations in the input capaci-

31-33 

tance, and the resultant detuning of the 
circuit when the AGC bias changes. The 
change in bias of the stage caused by a 
change of signal level still causes some 
detuning of the input circuit, but now it is 
utilized. When the bias is at a low level 
(a weak signal being received), the change 
in input capacitance shifts the circuit 
tuning slightly toward the picture carrier. 
This gives the picture carrier an improve-
ment in gain and less noise. On the other 
hand, the AGC bias increases on strong 
signals, and the change in input capaci-
tance of the tube shifts the tuning in the 
opposite direction, giving practically flat 
response, which is necessary for the best 
picture quality. For best results, the 
stage must be properly aligned and 
adjusted. 

A narrower bandwidth is provided in 
the r-f stage of this tuner, varying from 
8 to 12 mc. When the bandwidth of a tuned 
circuit is reduced, the result is always a 
higher gain in the tuned circuit itself. 
This, of course, adds to the total stage 
gain, and feeds a stronger signal to the 
converter. 

Capacitor C22 determines the input 
coupling, and affects the voltage step-up 
to the r-f amplifier grid. This capacitor 
has a considerable effect on the tilt of 
the r-f response curve. C16 adjusts the 
tuning of the r-f plate circuit and also the 
frequency response of the converter-grid 
circuit, in conjunction with C9, which is 
the converter-grid capacitor. If C22 is 
properly adjusted, C9 will have a notice-
able effect on the tilt of the response 
curve. Where signals are weak ( fringe 
areas), C22 and C16 may require touching 
up to get the best possible picture and 

minimum of snow. 

The Converter and Local Oscillator. 
Both the converter and oscillator stages 
are single-ended, using triodes which are 
combined in the single envelope of the 
6J6 tube. 

The converter circuit is much like that 
of the KRK-5. Capacitor C11 acts as the 
common coupling element, and allows ad-
justment of the bandwidth. Self bias is 
provided across R4 by rectification of the 
injected oscillator voltage, R12 is a load-
ing resistor which broadens the response 
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of the input tuned circuit. C12 and C13 are 
blocking capacitors, which keep r-f ampli-
fier plate voltage from the grid of the 
converter. 

The converter output is fed into the 
primary of the , converter transformer, T1, 
which is loaded by R3 to broaden the fre-
quency response, The signal is trans-
ferred by a 75-ohm coax link to the input 
of the i-f amplifier. The use of the shield-
ed link reduces the possibility of stray 
capacitive coupling, which might result 
in oscillator radiation from the main chas-
sis. The, series-resonant circuit composed 
of C8 and L44 is inserted in the plate cir-
cuit to provide a capacitive reactance. 
This is donelecause the reactance of the 
plate load impedance has a definite effect 
on the grid circuit when a triode is oper-
ated at television frequencies or higher. 
The characteristic of the plate load is 
reflected iato the grid circuit by the tube 
capacitance; this is called Miller Effect. 
When the plate circuit is primarily induc-
tive.-- as it would be here if only 7'1 were 
present -- the. input circuit is affected in 
such a way that the stage has a tendency 
to drop into oscillation easily. One way 
to avoid this would be to use a large cap-
acitance across the output circuit, but 
this would reduce the gain of the convert-
er. Instead, the series-resonant circuit is 
employed, tuned above the highest TV 
frequency. This provides the proper value 
of reflected capacitive reactance without 
loss of conversion gain. 

L46 acts as a filtering choke to keep 
undesired r-f from the screen of the r-f 
amplifier away from converter and oscil-
lator. 

The oscillator is a Colpitts type5 which 
takes feedback voltage from a capacitive 
voltage divider. The frequency is deter-
mined by C2, the fine-tuning control, in 
parallel with C1 and C4. In series with 
these is Cs, across which the feedback 
voltage is developed. The basis circuit 
for the Colpitts oscillator was shown in 
Fig. 31-3 a. By referring to that drawing 
it can be seen that C5 corresponds to Ce 
R2 is the plate dropping resistor, C3 
blocks the plate voltage from the grid, 
and C6 bypasses both converter and oscil-
lator energy to keep it out of the power 

supply. R1 develops the , self bias for the 
oscillator. 

The small inductors which are switched 
to change the oscillator frequency are 
provided with the usual adjusting slugs 
and brass screws. They can be reached 
from the front of the cabinet when the 
escutcheon plate is removed. L43 is the 
inductor for Channel 13, and also provides 
a means of tracking all channels. How-
ever, this should not be changed unless 
absolutely necessary. If the change must 
be made 5 C1 should be adjusted at the 
same time to maintain the proper L/C 
ratio, which is very important in this 
oscillator circuit. The L/C ratio is kept 
low to improve stability. 

Oscillator energy is injected into the 
converter- grid circuit by means of capa-
citor C7. Careful adjustment of C7 is 
necessary to obtain the best converting 
action and conversion gain. The test 
point at R5 affords a check on proper 
oscillator coupling. The voltage at the 
test point should be between 2 and 7.5 on 
all channels. 

CASCODE TUNER 

31-8. This r-f unit is used in a 44 mc 
i-f "intercarrier" type of receiver, where 
the sound is produced by letting the pic-
ture and sound intermediate frequencies 
beat together after they have passed 
through the picture i-f stages. As a result, 
the sound is not dependent upon exact 
adjustment of the r-f local oscillator, and 
oscillator drift and microphonics are not 
of great importance, Also, it is possible 
to design the r-f unit for better selectivity 
and rejection of narrow-band interference, 
without lowering sound quality. This re-
sults in an improvement of picture gain 
in fringe areas. 

In the receiver for which this tuner 
was designed, the intermediate frequency 
has been raised to 45.75 mc for picture 
and 41.25 mc for sound. This results in a 
reduction of image interference, because 
the image frequencies are removed an 
additional 20 mc from the desired 
frequencies. 
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The principle changes in this tuner 
appear in the r-f amplifier stage, particu-
larly in the use of a driven grounded-grid 
amplifier in a "totem" r-f amplifier circuit. 
The single-ended triode oscillator is 
similar to the KRK-8, but a pentode is 
used in the converter stage. These are 
combined in a single envelope, in the 
6X8tube.Shielding is even more thorough 
than in previously-discussed units. 

The R-F Amplifier. -- As shown in Fig. 
3 1-37, the input from the antenna line is 
connected to T2, the elevator transformer, 
which provides a match into the two i-f 
traps and the high-pass filter. The adjust-
ments of these inductors are extremely 
critical, and no changes should be made 
without proper test equipment. The input 
filter gives very sharp cut-off just below 
the lowest TV frequency, .and the voltage 
response is at least 200 times down at all 
frequencies below 47 mc. This high atten-
nuation so close. to Channel 2 can cause 
serious loss on that channel if incorrectly 
adjusted. In addition, the filter is so de-
signed that maximum rejection occurs at 
the i-f frequencies, 41.25 and 45.75 mc, 
to prevent i-f interference, The F-M trap, 
L58 and C24, may be. adjusted by turning a 
threaded core of powdered iron inside the 
coil. This is a simple parallel-resonant 
circuit, but it has a high Q and gives 
efficient rejection from 88 to 108 mc. 

The operation of the " totem" r-f cir-
cuit has already been described in detail. 
This section will simply point out the 
components on the actual schematic. 

The inductance of the input tuned cir-
cuit is split, and mounted on two separate 
switch wafers in order to achieve the re. 
quired impedance to the grid of the r-f 
amplifier. C1, prevents the AGC bias 
voltage from being grounded in the input 
filter. The bias voltage is applied at the 
junction of C19 and R.". R11 and R12 (in 
parallel for the low-frequency channels) 
act as loading resistors to broaden the 
tuned circuit response, q, provides the 
lumped capacitance , for tuning the tank 
circuit, in parallel with the distributed 
capacitance. R9 and R10, bypassed by 
C17, compensate for the detuning effect 
of large variations in the AGC bias. 
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The input side of the 6BQ7 provides a 
good signal-to-snow ratio, . but very little 
gain. Its plate is connected to the cath-
ode. of the second section through L51, 
which forms a series-resonant coupling 
circuit with the input capacitance. C29 
and L65 make up a trap which can be tuned 
to 43.5 mc for additional rejection of i-f 
interference, The second section of the. 
tube is biased to follow the first section 
(as previously explained) by the voltage. 
developed across Rs. The other biasing 
resistor and the. 115-volt reference point 
are not located on the r-f unit subchassis, 
and are not shown on the schematic. R14, 
C16, and C28 form a decoupling network. 

The plate circuit of the r-f amplifier is 
a straightforward arrangement, coupling 
to the converter input through C12 on 
Channels 2 to 6 and through C14 on the 
higher channels. C10 and C11 are the 
common coupling elements, effectively in 
series on the low channels, in parallel on 
the. high channels. C15 tunes the plate 
circuit of the r-f stage, and C9 the input 
of the converter, while C11 can be used to 
vary the degree. of coupling and band-
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width. R7 is a dropping and isolation 
resistor for the r-f stage plate supply. 

The Converter and Local Oscillator. --
After passing through the inductors of the 
converter input circuit, the incoming r-f 
signal is combined with the injected 
oscillator voltage at the grid of the pen-
tode section of the nine-pin miniature 6X8 
tube. The pentode converter provides 
better oscillator isolation than a triode 
converter. Signal bias for the converter 
is developed across R5 by the rectified 
oscillator voltage. 

The converter transformer, Ty operates 
in the same way as that of the KRK-8, but 
is resonated to the higher i-f frequency. 
The tuning is broadened by load resistor 
R3 to cover the necessary bandwidth, and 
a coax link is used to transfer the signal 
to the first i-f stage. 

The oscillator is a single-ended Col-
pitts circuit, using the triode section of 
the 6X8 tube. It is very similar to the 
oscillator used in the KRK-8. Capacitors 
C1 and C2 (the fine-tuning control), con-
nected in parallel, determine the frequency 
of the oscillator, while the feedback volt-
age is developed across C5. The fine-
tuning control has a range of 2 mc on 
Channel6 and 4 mc on Channel 13, making 
adjustment for the best possible picture 
easier. Since the intercarrier system is 
used with this r-f unit, the fine-tuning 
range can be made much wider with no 
loss in sound quality. For the same 
reason, microphonics and oscillator drift 
are minor problems. 

The oscillator frequency is 20 mc high-
er for each channel than in previous units, 
to produce the 45.75 mc picture i-f, but 
the arrangement of the inductors on the 
switch wafer is the same. As in the other 
units, they are available for adjustment 
when the escutcheon plate is removed. 
L46 is a tracking adjustment only, for 
bench alignment. Channel 13 should be 
tuned by adjustment of C1, which is also 
used for compensation of tube capacitance 
when a new oscillator tube is inserted. 

The signal bias for the oscillator is 
developed across RI. R2 is a voltage• 
dropping resistor for the plate supply, 
and C3 blocks the plate voltage from the 

grid of the tube. Capacitive coupling to 
the converter grid is provided by C8, which 
is variable to permit adjustment of the 
oscillator injection for the most efficient 
conversion and the best conversion gain. 

PART II— SERVICING TIIE R-F SECTION 

ADJUSTMENTS IN THE R -F TUNER 

31-9. Most front ends have several 
types of adjustments in common. These 
are: 

/. F-M trap adjustments 
2. Oscillator adjustments 
3 R-F amplifier adjustments 
4. Mixer adjustments 

Of these, the first two may be made in 
the field without any test equipment. The 
The other two are usually made only in 
the shop, save for minor touch-ups. The 
oscillator adjustments in a TV set are of 
the greatest importance, and are usually 
quite critical. In spite of this, oscillator 
adjustments may be made in the field with-
out the use of any test equipment. Oscil-
lator adjustments are important because, 
in any superheterodyne, the oscillator 
frequency " selects" the desired station 
by heterodyning with the incoming station 
frequency to produce the required inter-
mediate frequencies. Thus, if the oscillator 
frequency for any one channel or a number 
of channels is incorrect, it may be im-
possible to receive the channel at all. 
The r-f amplifier and mixer adjustments 
are not nearly as critical, since they 
affect only the amplitude of the received 
signal. Also, the oscillator must be 
adjusted for every channel, which is not 
true of the r-f and mixer tuned circuits. 

Methods of Tuning. -- Methods of tuning 
differ for various types of front ends. 
Many sets use a switching arrangement 
which changes the tuning inductance in 
steps as the switch is rotated. The sim-
plified diagram of Fig. 31-38 illustrates 
this system. 

Note that increments of inductance are 
added (or subtracted) as the switch is 
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rotated, thus changing the tuning of the 
grid ( or plate) circuits. Therefore, adjust-
ments of the oscillator frequency on one 
channel affect the tuning on other chan-
nels. The tuning capacitance remains 
substantially constant, except for changes 
in stray capacities. 

Other types of tuning arrangements are 
also used. For example, there is a " tur-
ret tuner", in which individual tuned cir-
cuits for each channel are mounted on a 
rotary drum. Channels are changed by 
rotating the drum, which connects differ-
ent sets of tuned circuits to the fixed 
contacts. In this type of tuner, adjust-
ments of the oscillator frequency on one 
channel do not change the t,u-reing of other 
channels. 

Another type of front end utilizes 
continuous" tuning. In this arrangement, 

there is no switching. Tuning is accom-
plished by a contacting slider, which runs 
along a tuning inductance as the coil is 
rotated. Thus the inductance is effective-
ly " tapped" continuously. Variable con-
densers can also be used for continuous 
tuning. Most continuous tuners do not 
have individual oscillator adjustments for 
each channel, but a tracking adjustment 
for the complete oscillator frequency 

range. 

Since adjustments for various types of 
front ends are different, we will consider 
in detail four typical tuners; the KRK-2, 
KRK-5, KRK-8, and KRK-11. Fig. 31-39 
is a top view of the KRK-2 chassis, show-
ing the front end and its top adjustments. 

F-M Trap.-- The F-M trap adjustments. 
L81 and t. — 82, appear at the lower right. 
These adjustments reduce the effects of 
F-M broadcast interference and double-
conversion TV interference. This trap 
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can be adjusted in the field. Tune in the 
station on which interference is noted, 
then adjust L81 and L82 for minimum inter-
ference. Keep both adjusting screws at 
about the same height. Then alternate the 
adjustment from one screw to the other 
until minimum or no interference is ob-
tained. 

Associated Sound Trap. -- The con-
verter transformer, T2, is located on the 
front-end subchassis unit, as shown in 
Fig. 31-39. The top adjustment is for the 
associated sound take-off and trap. If 
necessary, this adjustment may be made 
in the field without the use of any test 
equipment. The following procedure is 

used. 

Switch to an operating channel and 
tune the station very carefully, using the 
fine-tuning control, for best sound. Adjust 
the top screw of T2 to eliminate sound 
bars in the picture. 

Oscillator Adjustments. -- In making 
oscillator adjustments with the set in the 
cabinet, a very long, thin screwdriver is 
required. A non-metallic tool is desirable, 
to prevent detuning of the oscillator, if 
one can be found with the necessary me-
chanical strength. When a metallic screw-
driver is used, the metal blade etunes 
the circuit. It is therefore necesi-ary to 
overshoot the adjustment, so that when 
the screwdriver is removed, the adjust-
ment will be correct. With a little prac-
tice, the amount of overshobt required 
can be estimated quite accurately. 

Sometimes the adjusting screws extend 
into the tuning coil. The only insulation 
on these coils is a varnish coating. Since 
there is usually B plus on the oscillator 
coil, if an adjusting screw contacts an 
uninsulated portion of the coil, there will 
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also be B plus on the screw. A metal 
screwdriver may short B plus to ground if 
it touches the metal face plate of the tuner 
and the screw at the same time. This 
causes picture and sound to disappear 
intermittently, resulting in static in the 
sound and flashing in the picture. This 
makes the tuning procedure difficult. To 
avoid this, many technicians make a prac-
tice of insulating the metal screwdriver 
blade with a length of spaghetti. 

In this type of tuner, the oscillator ad-
justments for Channels 6 and 13 cannot 
be made from the front, as will be shown 
later. The location of oscillator adjust-
ments available from the front is shown 
in the sketch of Fig. 31-40. 
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Note that adjustments for Channels 1 
through 5 and 7 through 12 are available 
from the front. This tuner has a provision 
for Channel 1, which is no longer used for 
television. Later tuners omit Channel 1. 

In adjusting the oscillator, it is neces-
sary to remember an important feature of 
the channel switch. The switch causes 
inductance to be added in small steps. 
Therefore, Channel 13 has the smallest 
amount of inductance, Channel 12 has 
slightly more, and so on until Channel 2, 
which has the largest amount of induct-
ance, is reached. This means that any 
change in oscillator adjustment may affect 
every other channel down to Channel 2. 
In other words, it must be remembered 
that all the channels below the one being 

adjusted will also he affected. However, 
the channels above the one being adjusted 
will not be affected. 

A TV set may require oscillator adjust-
ments if some channels are received but 
others are not. It may also be required if 
some channels are received properly but 
either the picture or the sound cannot bc 
received on other channels. 

In this tuner, if the oscillator tube is 
replaced, it may be necessary to realign 
the oscillator on all channels. Sometimes 
this can be avoided by trying a number of 
tubes for the oscillator until one is found 
that operates properly without readjust-
ment. On some of the newer tuners, this 
difficulty is eliminated by the addition of 
a compensating trimmer condenser. This 
feature will be discussed more fully later. 

The procedure used to adjust the os-
cillator depends upon which channels 
need adjustment. Assume that the oscil-
lator tube has been changed and that all 
channels are off. Adjustment begins with 
the highest channel operating in the area, 
and continues down to the lowest channel. 
Suppose the highest channel is Channel 
13. In this tuner, the Channel 13 adjust-
ment cannot be reached through the front 
of the chassis; the chassis must be re-
moved from the cabinet. The adjustment 
is located at the side of the front end, as 
indicated in Fig. 31-41. 
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Note that there are two oscillator ad-

justments for Channel 13, and two for 
Channel 6. There is only one adjustment 
for each of the remaining channels. Ad-
ment procedure is as follows: set the 
selector switch to Channel 13, and the 
fine-tuning control to the middle of its 
range ( R). Adjust L77 and L78 until the 
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sound comes in properly. Keep ! he two 
adjustments the same height by visual 
inspection. Which adjustments are made 
next depends on which other channels are 
operating in the area. Assume that these 
are Channels 11, 9, 7, 5, 4, and 2. If 
Channel 13 comes in properly, switch to 
Channel 11 and adjust the osc iAla tor 
through the front. as shown in Fig. 31-40. 
Note the position of the fine-tuning drive 
wheel. The aligning tool is inserted 
through the holes in this wheel. As before, 
adjustment is made for correct sound. If 
it is difficult to adjust one of the chan-
nels, and the next higher channel is not 
used, the desired channel may be brought 
in by adjusting the next higher channel. 
For instance, if trouble is encountered in 
receiving Channel 7, and no station broad-
casts on Channel 8, Channel 8 may be 
adjusted to help in receiving Channel 7. 
The next channel to be adjusted is Chan-
nel 5. Try adjusting Channel 5 from the 
front. If this proves impossible, the two 
side adjustments for Channel 6 ( shown in 
Fig. 31-41) may be used to bring in Chan-
nel 5. When Channel 5 is received prop-
erly, adjust Channel 4, then Channel 2. 
If Channel 2 proves difficult, and no sta-
tion is on Channel 3, Channel 3 can be 
adjusted to help in receiving Channel 2. 

This is the complete alignment proce-
dure for all channels. However, it is not 
always necessary to adjust all channels. 
Only those channels which require it 
should be adjusted. However, always 
start with the highest channel, and work 
down to the lower channels. 

Let's see what might happen if this 
order of adjustment were not followed. 
Suppose in an r-f unit the picture is re-
ceived, but there is no sound, on Channel 
11 or Channel 4. All other channels are 
working properly. Normally, Channel 11 
is adjusted first. Next, each channel be-
low is adjusted, prógressing from Channel 
10 down to Channel 4; Channels 3 and 2 
are then adjusted if necessary. 

Now suppose we adjust Channel 4 first, 
instead of Channel 11. This would prob-
ably make necessary readjustment of 
Channel 2. Having completed these ad-
justments, we now adjust Channel 11. But 
in adjusting Channel 11, we throw off 

Channel 4 and all the other channels be-
low Channel 11! It must be remembered, 
therefore, that any change in the tuning 
constants ( inductance and capacitance) cf 
a particular channel changes the tuning of 
all lower-frequency channels. 

R-F Amplifier and Mixer Adjustments. 
-- Although there is an oscillator adjust-
ment for each chann ,-1, this is not true for 
the r-f and mixer tuned circuits. These 
are adjusted only on Channels 13 and 6. 
Except for minor touch-ups, these adjust-
ments are not ordinarily made in the field. 
The location of the adjustments is shown 
in Fig. 31-41. 

Front End Adjustments in the KRK-5. 
--In this tuner, the r-f amplifier and mixer 
are single- ended circuits, while the oscil-
lator is a push-pull circuit. 

Oscillator Adjustments. -- This tuner 
has no provision for Channel 1. Oscillator 
adjustments available through the front 
are provided for Channels 2 through 5, 
and 7 through 12, as shown in Fig. 31-42. 

OSCILLATOR ADJUSTMENT 

— FOR CHANNEL NUMBER 

Fig. 31-42 

All the adjustments except for the 
channel to which the unit is tuned are 
blocked by a fiber wheel. This wheel 
rotates as various channels are switched 
in, so that each adjustment becomes ac-
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cessible in turn. The position of the 
"flat" bears no direct relation to the 
channel in use. However, the channel in 
use can be determined by observing which 
oscillator adjustment is open, except for 
Channels 6 and 13. The adjustment for 
Channel 13 (C6) is on top of the chassis, 
as shown in Fig. 31-43. 

Fig. 31-43 

The oscillator adjustment for Channel 
6 (L31) is at the side, as shown in Fig. 
31-44. 
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Fig. 31-44 

L66 

The procedure for making field oscilla-
tor adjustments is basically the same as 
that outlined before. However, in this 
tuner there is only one adjustment for 
Channel 13, and only one for Channel 6. 
Nevertheless, the oscillator circuits are 
the same. When oscillator tubes are 
changed, compensation may be made by 
adjusting the Channel 13 trimmer, which 
affects all channels. It is not necessary 
to readjust each channel when replacing 
the oscillator tube. This is because the 
Channel 13 adjustment (C6) is designed 
to compensate for the variation of inter-

Fig. 31-45 

electrode capacities of different oscillator 
tubes. The trimmer is on top of the chas-
sis, and may be reached through the back 
of the cabinet. 

R-F Amplifier and Mixer Adjustments. 
-- These adjustments are not normally 
made in the field except for touch-ups. 
Some of these adjustments, shown in Fig. 
31-44, are: 

Channel 6 mixer -- L9 
Channel 6 r-f -- L13 
Channel 6 antenna -- L66 
Channel 13 antenna -- L6 
High Channels (7-13) r- f -- C14 
High Channels mixer -- C10 

Front End Adjustments in the KRK-8. 
-- This front end uses two tubes instead 
of the three found in the previously-dis-
cussed front ends. All circuits are single-
ended. An FM trap is provided, which 
can be adjusted from the top of the r-f 
unit (L203), as shown here: 
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Procedure for adjusting the FM trap in 
the field is similar to that used for the 
first tuner discussed. 

All oscillator adjustments for this 
tuner may be made without removal of the 
chassis from the cabinet. The adjust-
ments for Channels 2 through 12 are shown 
in Fig. 31-46. 

The adjustment for each channel may 
be reached, when the unit is switched to 
that channel, through a hole in a fiber 
wheel. Adjustment for Channel 13 is usu-
ally made by means of C1, which is shown 
in Fig. 31-45. C1 is also used to compen-
sate for a new oscillator tube, which may 
affect the tuning of all channels. A track-
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Fig. 31-46 

ing adjustment, L43, is available when 
the tuner is switched to Channel 13. This 
is used only in cases where it is impos-
sible to get some or all of the channels 
to track properly using the ordinary 
adjustments. 

When a set tracks properly, all of the 
channels may be received with the fine-
tuning control near the center of its range. 

Normally, the set is tuned to track cor-
rectly by means of the usual oscillator 
adjustments for individual channels. If 
this cannot be achieved, the tracking 
adjustment must be made. The tracking 
adjustment, L43, can be reached through 
the front when the tuner is switched to 

Channel 13. When L43 is. adjusted, it is 
usually done in conjunction with C1 for 
proper tracking. Since this is a single-
ended oscillator, there are no dual adjust-
ments for any channel. The same is true 
for the r-f and mixer circuits. The proce-
dure for adjusting the oscillator is the 
same as for other tuners. 

As in the previously discussed tuner, 
the position of the flat on the detent shaft 
does not indicate the channel in use. 
This can be determined by the hole in the 
fiber wheel. 

R-F Amplifier and Mixer Adjustments. 
-- Some of these adjustments, shown in 
Fig. 31-45, are as follows: 

Channel 6 r-f L49 
Channel 6 mixer -- L45 
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High channeis (7-13) r-f C16 
High channels (7-13) mixer -- C9 

The antenna adjustments for Channels 
13 and 6 are on the back of the tuner, as 
shown in Fig. 31-47. 

52 

L42 

Fig. 31-47 

These are: 

Channel 13 antenna -- L52 
Channel 6 antenna -- L42 

Front End Adjustments in the KRK-11. 
-- This is the r-f tuner used with the new 
intercarrier-type receivers. In an inter-
carrier-type receiver, the procedure for 
adjusting the oscillator is somewhat dif-
ferent. This does not refer to the order 
of alignment, which is the same, but to 
the proper indication of correct oscillator 
frequency. In the split-sound type receiv-
ers, the oscillator is tuned for best sound. 
However, this procedure is not effective 
in intercarrier receivers, since the sound 
i-f is produced by the 4.5 mc beat fre-
quency between the picture and sound 
carriers. Thus, even with the oscillator 
badly mistuned, it may be possible to get 
good sound. Since the sound cannot be 
relied upon for oscillator tuning, the pic-
ture must serve as an indicator. Tune the 
oscillator for the best picture,being care-
ful that no sound bars appear in the pic-
ture. This will provide a satisfactory 
oscillator adjustment. When adjusting the 
oscillator, the fine tuning control should 
always be set at the center of its range. 

The front oscillator adjustments are 
identical with those of the KRK-8. These 
and other adjustments are shown in Fig. 
31-48. 
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When changing oscillator tubes in this 
tuner, it is not necessary to retune all 
channels. Compensation for all channels 
may be made simultaneously by adjust-
ment of Cl ( Fig. 31-48). If difficulty with 
tracking is experienced, adjust L46 and 
Cl together. 

FM Trap Adjustment. — An FM trap 
(L58) is provided, and may be adjusted in 
the field. The proi.edure for making this 
adjustment has already been discussed. 
In some sets the FM trap will tune down 
into Channel 6, and even into Channel 5. 
If these channels are to be received, care 
must be taken that the FM trap does not 
affect sensitivity on them. 

A word of caution is required concern-
ing some adjustments, particularly the i-f 
trap adjustments L59 and L60. These 
should never be adjusted in the field, 
since special equipment is required for 
proper adjustment. The same is true for 
L61 and L62, which are band-pass filter 
adjustments. 

LOCALIZING TROUBLES TO THE R -F UNIT 

31-10. When a TV receiver has a 
normal raster but no picture or sound, the 
trouble must be in a section which handles 
both types of information. Both the sound 
and picture carrier signals are handled by 
the r-f section, and converted to the inter-
mediate frequencies of the receiver. 
Therefore, if the r-f section is inopera-
tive, there can be no picture or sound. In 
receivers in which the sound is tapped off 
in an i-f stage following the mixer, a de-

fect in the i-f stage may also cause loss 
of both picture and sound. This will be 
discussed further ir0 the next lesson. 

Types of Tuner Trouble.--- In general, 
a tuner may become defective in one of 
two ways: ( 1) it may tune incorrectly, or 
(2) it may have insufficient signal ampli-
tude in the output. Tuning troubles are 
usually due to incorrect oscillator fre-
quency on one or more channels. Ampli-
tude troubles are usually caused by de-
fects in the r-f amplifier, mixer, or antenna. 
Thus, some troubles may be related spe-
cifically to the oscillator, and others to 
the r-f amplifier, mixer, or antenna. For 
example, if there is a picture, but no 
sound, on one or more channels, but nor-
mal picture and sound on other channels, 
the trouble is likely to be incorrect oscil-
lator frequency on the bad channels. 

The effect of oscillator detuning may 
not be so apparent in intercarrier receiv-
ers, where picture and sound may corne in 
together even if the oscillator is badly 
mistuned. However, troubles affecting 
oscillator frequency can usually be recog-
nized, since they frequently affect picture 
strength and quality on some channels, 
but not on others. 

Intermittent Troubles. -- In trouble-
shooting tuners (as well as other units), 
we are concerned with two general types 
of troubles: ( 1) those which are continu-
ous and ( 2) those which are intermittent. 
Intermittent troubles are more prevalent 
in tuners because of their complex switch-
ing arrangements. The best approach to 
an intermittent type of trouble usually is 
to make the trouble appear. Once it is 
present, normal procedure can be used ,to 
localize it. An intermittent might be made 
to appear by flexing or rotating the shaft. 
In other cases, tapping the tuner(some-
times quite hard) may cause the trouble 
to reappear. 

SNOW AS A TEST INDICATION 

31-11. The presence or absence of 
snow can frequently be used in localizing 
amplitude troubles. For purposes of 
troubleshooting, we may consider that all 
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snow is generated in the mixer stage. A 
properly operating mixer always generates 
about the same amount of snow (noise), 
regardless of the strength ( or absence) of 
its input signal. Therefore, whether or not 
the picture is snowy is determined by the 
amplitude of the input signal to the mixer. 
If the input signal is weak, the picture 
appears snowy. 

The factors which determine the amount 
of snow appearing in the picture are: 

1. The signal strength available at the 
receiving antenna. 

2. The condition of the antenna and 
transmission line. 

3. The gain of the r-f amplifier. 

A snowy picture is normal in a weak 
signal area. However, a trouble which 
causes a snowy picture must be due to a 
defect in the antenna, transmission line, 
or r-f amplifier. 

A trouble which causes weak picture 
and sound without making the picture 
snowy is localized to a circuit between 
the mixer and the sound take-off point. 
This may include the mixer stage itself. 

A trouble which causes a weak but 
not snowy picture, but does not affect the 
sound is localized between the sound 
take-off point and the kinescope grid. 

OSCILLATOR INJECTION VOLTAGE 

31-12. A simple method of determin-
ing whether or not the r-f oscillator is 
working properly is by measuring the d-c 
mixer grid bias. A test point is provided 
for this measurement, as shown in Figs. 
31-44, 31-45, 31-48. This grid-leak bias 

L57 L59 L 61 

is developed in the mixer tube as a result 
of the oscillator signal, and is usually at 
least two volts (negative). The presence 
of correct mix-er bias shows that both the 
oscillator and the mixer input circuit are 
working properly. The absence of mixer 
bias voltage usually means that the oscil-
lator is not operating. It does not always 
mean this, however, since it may also be 
caused by a defect in the mixer grid cir-
cuit. To determine definitely which is the 
case, the oscillator grid bias is measured 
with a voltmeter. If grid bias is present, 
the oscillator is working. The absence of 
grid bias indicates that the oscillator is 
dead. This principle was discussed in 
detail in Lesson 26. 

EFFECT OF A TROUBLE ON VAR IOUS 
CHANNFLS 

31-13. When a defect is located in a 
part of the channel selector which relates 
to a particular channel, we know the 
trouble will appear on that channel. In 
some tuners, a trouble originating in one 
channel may also affect other channels. 
This is not the case with turret tuners, 
because in these tuners a separate set of 
tuning coils is switched into position for 
each channel. In tuners with channel se-
lectors which operate by adding induct-
ances, however, trouble in one channel 
may affect other channels as well. This 
can be seen by examination of Fig. 31-49. 

Suppose coil L60 should open. When 
the shorting bar is in the Channel 5 posi-
tion, L60 is not in the tuning circuit, and 
has no effect. This is also true for Chan-
nels 6 through 13. However, if the short-
ing bar moves to the Channel 4 position, 

Fig. 31-49 
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or to any channel below Channel 5, an 
open exists in the tuning circuit. This 
fact can aid considerably in troubleshoot-
ing the tuner. If, for example; Channels 5 
through 13 can be received properly, but 
Channels 4 and 2 cannot, the detect must 
be in a portion of the tuning circuit be-
tween Channel 5 and Channel 4. 

LOCALIZING TROUBLES WITHOUT 
REMOVING R -F UNI T 

31-14. Because many tuners are com-
pletely enclosed in a metal shield, certain 
obstacles to troubleshooting arise which 
are not present in other circuits. The 
tuner cannot be removed from the shield 
case without disconnecting it from the 
main chassis. Once such a tuner is re-
moved from its case, it can only be oper-
ated by extension cables or in a test jig. 
Because of these difficulties, it is very 
desirable to localize the trouble as much 
as possible while the tuner is in its case 
and connected to the main chassis. This 
can be done by voltage measurements at 
the wiring terminals and tube sockets, and 
by interpretation of the symptoms which 
the trouble presents. 

In the field, a serviceman who has de-
termined that a trouble other than tube 
failure exists in the tuner, is confronted 
with one of three alternatives. He can 
repair the unit in the customer's home, he 
can bring the tuner to his shop, or he can 
replace the tuner. All three methods re-
quire removal of the chassis from the 
cabinet. The first and third methods re-
quire the removal of the tuner from its 
shielded case as well. Obviously, it is 
desirable to localize the trouble while 
the tuner is still connected to the main 
chassis. After localization, the service-
man can better choose which method to 
adopt. 

Voltage Measurements. -- The easiest 
way to measure socket voltages in a tuner 
is by pulling out the tube and measuring 
the voltage through the top of the socket. 
Two factors must be taken into considera-
tion when doing this. 

1. When reading from the top of the 
socket, the pins are numbered counter-

clockwise; just the opposite of reading 
from the bottom of the socket. 

2. When the tube is out of the socket, 
applied voltages, not actual operating 
voltages, are measured, since there is no 
plate or screen current to cause drops 
across the resistance of these circuits. 

Operating voltages can also be meas-
ured from the top of the tuner with the 
tube plugged in, by lifting the tube partly 
out of its socket and touching the appro-
priate tube pin with the voltmeter prod. 

Plate Decoupling Resistors. -- The r-f 
unit usually consists of three stages; the 
r-f amplifier, converter ( mixer), and r-f 
oscillator. Each tube requires B plus 
voltage to the plate and screen grids. 
This is supplied by a B plus distribution 
circuit, which includes series- or parallel-
connected decoupling resistors. These 
resistors are important in troubleshooting 
because the only appreciable d-c voltage 
drops in the tuner appear across them. 
This becomes more evident when the na-
ture of the plate loads which appear in 
the tuner is considered. These plate 
loads are small, high-frequency coils, 
having negligible d-c resistance, and 
therefore an insignificant voltage drop 
across them. This is the first significant 
point in localizing trouble in the tuner. 
The d-c voltage drops in the tuner, which 
help to localize troubles, take place 
across the decoupling resistors, and not 
across the plate load coils. 

Fig. 31-50 illustrates the principles of 
localizing shorts in the tuner while it is 
still connected to the main chassis. 

Under normal operating conditions, 
voltage drops appear across plate decoup-
ling resistors R1, R2, and R3. Subtracting 
these drops from B plus leaves some val-
ue of " normal" plate voltage. Since there 
is no drop across the coils, the same 
voltage appears at point A as at point B 
in V1, and similarly in V2 and V3. In a of 
the figure, assume the B plus voltage to 
be 150 volts, and the normal drop across 
each decoupling resistor to be 50 volts. 
The difference, 100 volts, is the normal 
plate voltage on all three stages. 

Localizing the Short. -- In b of the fig-
ure, assume that a short exists at point B. 
It was shown in Lesson 26 that a short of 
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this type would cause the plate voltage 
to be low, In fact, a " dead" short (zero 
resistance) would cause the plate voltage 
to drop to zero. The plate voltages of all 
three tubes ( in their sockets) are meas-
ured, and the plate voltage of V1 is found 
to be low. The plate voltages of the other 
two tubes are normal. This localizes the 
trouble to the circuits of VI. Low plate 
voltage may be caused by several condi-
tions, so to further localize the trouble 
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VI is unplugged, and the plate voltage 
measured again. It is still low. This 
localizes the trouble to the plate circuit 
of V1 ( between A and P1), rather than in 
other circuits of the tube. Low plate volt-
age could be the result of a low B-plus 
supply voltage. This should be checked 
first. The B plus should be measured at 
the point where it feeds into R1 ( point P1). 
However, P1 is not accessible because 
the tuner is enclosed in a metal case. 
Fortunately, there is a simple method of 
overcoming this difficulty. The same B-
plus supply feeds all three plates. If V2 
(or V3) is removed from its socket, the 
full B plus will appear at the plate pin of 
the socket. With the tube removed, there 
is no voltage drop across the decoupling 
resistor and the full voltage appears at 
point C of V2, or point E of V3, as the 
case may be. Assume the B.plus voltage 
to be normal. This narrows down the 
trouble to between points A and B. Some-
thing is causing a short between these 
two points and ground. We cannot localize 
any further because point B is not acces-
sible at this time. However, for practical 
purposes, this localization is sufficient. 
We may suspect a defective condenser at 
point B (C1), or a wiring short between 
points A and B to ground. Now, we are 
ready to remove the tuner from the main 
chassis. We know precisely where to look 
for the trouble. Since in this case it is a 
short, it can be tracked down using an 
ohmmeter, without applying operating 
voltages to the tuner. 

Localizing Short with Series Decoup-
ling Resistor. -- In some cases, the plate 
voltages of two tubes may be low, while 
the third tube has normal plate voltage. 
A simplified circuit showing how this 
might occur is given in Fig. 31-51. 

With the tubes out ot the sockets, the 
plate-terminal voltages of V1 and V2 are 
found to be low, while the plate-terminal 
voltage of V3 is normal (equal to B plus). 
The fact that the plate-terminal voltage 
of V3 is normal indicates that: 

1. The B-plus supply voltage is not 
at fault. 

2. There are no shorts between points 
E and P3' 
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There are two possible causes for low 
voltages at VI and V2. A short might exist 
at P2 or at B. It is necessary to determine 
at which point the short exists before re-
moving the tuner from the main chassis. 
Fortunately, this is not difficult to deter-
mine. Leave tubes VI and V2 out of their 
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sockets, and observe their plate- terminal 
voltages. If they are low, but equal, there 
is a short at P2* Suppose this short is in 
condenser C2. The additional current due 
to the shorted C2 now flows through R2, 
producing an excessive voltage drop 
across this resistor. Now the " supply" 
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voltage available for VI and V2 is the 
actual voltage present at P2. Since both 
tubes ( VI and V2) are out of their sockets, 
they cannot cause any current to flow, 
and no voltage drops are created. There-
fore, the voltage at P2 appears at the 
plate terminals of VI and V2 in equal 
magnitude. If the short is at point B, with 
VI and V2 out of their sockets, their 
plate-terminal voltages will be unequal, 
VI having a lowtr voltage than V2. This 
is illustrated by Fig. 31-52. 

If a partial short exists in C1, current 
will flow in Ri and R7, producing voltage 
drops across both resisters. At point B 
there are voltage drops across both R1 
and R2, so that the voltage at point B 
will Le low ( 50 volts). However, at point 
P2 (also C), the current due to the shorted 
C1 produces a drop only actess R2, so the 
voltage at P2 ( and C) is higher than the 
voltage at C1 and is assumed to be 100 
volts. Thus, in such cases, the short is 
always in the circuit where the lowest 
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voltage appears with the tubes removed. 
In this case the short must be in the plate 
circuit of VI, and could be a shorted Ci 
or a wiring short between A and B. Armed 
with this knowledge, we can remove the 
tuner from the main chassis, and find the 
cause for the short. 

Localizing Shorts in a Typical Tuner. 
.. As a practical example of localizing 
shorts by application of these principles, 
consider the typical tuner of Fig. 31-53 • 

Note that in this front end, there are 
two sources of B plus. One, from plus 250 
volts, supplies only the plate of the r-f 
amplifier. The•other, from a voltage di-
vider connecting to plus 120 volts and 
plus 375 volts, supplies voltage for the 
screen grid of the r-f amplifier as well as 
for the plates of the oscillator and mixer. 
At first it might seem that this would 
complicate troubleshooting. Actually, the 
presence of two sources makes it possible 
to localize troubles more readily, since 
each supply is independent, and a trouble 
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affecting one source does not necessarily 
affect the other. --11h_e_LI troubleshooting a 
tun er in which there are two B-plus 
sources, we simply treat each source 
separately, following the same general 
procedure outlined previously. 

In discussing this tuner, two simplified 
schematics are used. In Fig. 31-54a, 
parts not considered at this time are omit-
ted. Part b is a simplified version of a, 
redrawn to emphasize the B-plus circuits. 

R-F Amplifier Plate Voltage. -- Assume 
that with the r-f amplifier tube removed, 
we measure its plate-terminal voltage and 
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find it to be low. First, the B-plus power 
supply voltage (250 V)should be checked. 
There are no tube-socket terminals on the 
tuner where this B plus is available; how-
ever, it can be checked on the main chas-
sis. If the source voltage is correct, there 
must be a short between point A and tuner 
terminal 5. This can be localized further. 
With the r-f amplifier tube out, the volt-
ages at terminal 5 and point A are meas-
ured. If they are low but equal, the short 
is at terminal 5. If the short is above R6, 
the voltage at point A is lower than that 
at terminal 5, because R6 and R2 03 form a 
voltage divider. 
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R-F Amplifier Screen Voltage. -- If the 
screen voltage is low when the r-f ampli-
fier, oscillator, and mixer tubes are re-
moved, there are two possibilities to con-
sider. The trouble may be caused by a 
short in the tuner, or by a short in the 
bleeder circuits feeding the tuner. To 
localize between these two possibilities, 
unsolder the wire from terminal 4. If the 
B-plus voltage returns to normal, the 
trouble is in the tuner. If not, the trouble 
lies with the bleeder supply. 

Assume that the trouble lies in the 
tuner. The short may be at point B, termi-
nal 4, point C, or point D. First, we reduce 
the number of possibilities. Because the 
d-c resistance of L46 is negligible, we 
may consider that point C and terminal 4 
are at the same potential. To localize the 
short, we measure the screen voltage of 
the r-f amplifier, and the plate voltages of 
the mixer and oscillator. If they are all 
low but equal, the short lies on the distri-
bution line feeding all three stages. It 
could be in either C6 or C14. We cannot 
localize between these two without remov-
ing the tuner. If only the oscillator plate 
voltage is low, the short is in C4, since 
R2 is ola tes the short from the other 
stages. If only the screen voltage of the 
r-f amplifier is low, the short is in Ci7A . 
Here again, we have an isolating resistor, 

N o rm a I Plate Voltage with Tube 
Removed. -- In the previous examples, 
troubles due to shorts in the plate and 
screen-grid circuits were localized. The 
symptom in these cases was low plate 
voltage with the tubes removed. We will 
now consider low plate voltage with the 
tube in, but normal plate voltage (B plus) 
with the tube removed. Assuming the tube 
in the defective stage to be in good con-
dition, low plate voltage is likely to be 
caused by insufficient bias. This causes 
excessive current •to flow through the 
plate circuit resistances, resulting in a 
large d-c drop which subtracts from the 
plate voltage. Insufficient bias on a stage 
may be caused by a shorted coupling con-
denser feeding the grid of that stage. The 
simplified diagram of Fig. 31-55 illus-
trates this situation. 

The r-f amplifier stage of a tuner is 
usually coupled to the grid of the mixer 

r-f amp 

oscillator input this plate 
this condenser m ixer voltage 
is shorted is low 

current flow 
due to defective -= 

condenser 
8+ 8+ 

Fig. 31-55 

to/st 
picture 
i-f amp 

through a coupling condenser; Cc in this 
case.. The normal mixer bias is grid-leak 
bias developed by rectification of the 
oscillator signal. This bias is developed 
in a condenser not shown in the diagram. 
If a short develops in Cc, as illustrated, 
a positive voltage may appear on the grid 
of the mixer. This can overcome the 
normal mixer bias, causing excessive 
mixer plate current to flow, which in turn 
produces low mixer plate voltage. Local-
izing this defect usually is not difficult. 
First, pull out the mixer tube, and note 
that the plate voltage goes up to B plus. 
This proves that there are no shorts in 
the plate circuit, and that the trouble is 
therefore due to excessive plate current. 
With the tube out of the socket, measure 
the control-grid bias. If it has some posi-
tive value, the coupling condenser is 
shorted. 

Positive Grid in Converter. -- The com-
plete schematic of Fig. 31-56 and the 
simplified version of Fig. 31-57 illustrate 
how a shorted coupling condenser can 
be localized. 

As indicated in the complete schemat-
ic, the selector switch is in the Channel 2 
position. The coupling condenser from the 
plate of the r-f amplifier to the grid of the 
converter is C16. However, this condenser 
is in the circuit only for the low channels 
(2 through 6). On the high channels (7 
through 13), C16 is out of the circuit, and 
a separate coupling condenser, C15 is 
switched in. This fact can be of consid-
erable help in troubleshooting. Suppose 
that we measure a positive grid voltage 
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This localizes the fault to C16, which 
must be shorted. The opposite condition, 
of course, indicates a shorted C15. 

Positive Grid in Oscillator. -- In this 
type of tuner, positive grid voltage due to 
a shorted coupling condenser can appear 
in another way. This may happen in a 
push-pull oscillator circuit, as illustrated 
here. 

8+ 

shorted condenser 

places positive 

voltage on this 

grid 

8+ 

Fig. 31-58 

C4 and C5 are feedback condensers, 
which are required to sustain oscillation. 
If either of these condensers shorts, a 
positive voltage appears on the grid to 
which the condenser is connected. For 
example, as shown in the figure, suppose 

C5 should become shorted. The B plus 
normally applied to the plate of V1 would 
now be applied through C5 to the grid of 
Vi. The positive grid voltage can be 
measured through the top of the socket. 
Localization is not difficult in this case, 
since C5 is the blocking condenser con-
nected to B plus and the grid of Vi. Simi-
larly, a positive voltage might appear on 
the grid of V2, which would indicate a 
shorted C4. 

Zero Plate Voltage. -- Another trouble 
which may occur in this tuner is that of 
zero plate voltage on one of the stages. 
This usually results from an open in the 
plate circuit. Zero plate voltage could be 

on the mixer when switched to Channel 2, due to a dead short. However, this con-
but that when the switch is turned to dition would undoubtedly be due to over-
Channel 7 the positive voltage disappears. heating, and the trouble could be localized 
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simply by tracing the smoke. A more com-
mon cause for zero plate voltage is an 
unsoldered or poorly soldered coil in the 
plate circuit of the tuner. This can be 
seen with the aid of the partial schematic 
of Fig. 31-59. 
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Assume that we measure zero voltage 
at the plate of VI. In this tuner, the posi-
tion of the open circuit can be accurately 
localized by changing the position of the 
channel switch and observing the results. 
For example, suppose an open circuit 
exists at the Channel 7 position, as indi-
cated in the figure. When the channel 
switch is in positions 1 through 7, no 
plate voltage appears at VI. However, 
when the channel switch is in position 8, 
plate voltage does appear at the plate of 
VI. This voltage appears because the 
plate voltage on the lower line of coils is 
transferred to the top line by means of the 
shorting bar, which is shown at position 1. 
The position of the open circuit may be 
localized as follows. Measure the plate 
voltage of VI through the top of the sock-
et. Rotate the channel switch until the 
plate voltage appears. Then turn the 
channel switch back until the plate volt-
age disappears. The open circuit is at 
that point. The plate voltage in this 
example never disappears from V2; thus 
the open is localized to the top line of 
coils, at position 7. 

TROUSI ES NOT AFFECTING 
D —C 1/51_ 7 AGES 

3!-15. Defects in the input filter to the 
r-f unit do not affect any d-c potentials 
and may cause certain definite troubles 
Usually, the defect is the result of an 

open filter coil. The open may be caused 
by mechanical damage, poor soldering or 
other such possibilities. As an example, 
the input filter for the KRK-8 tuner is 
shown here: 

T200 C202 C200 

ANT. 100 18 

TRANS. 

CV C201 C203 

° 18 39 

J200 - F 
FRONT 

VIEW 

L.200 L201 

Fig. 31-60 

L203 

L202, which goes to ground is wc,und 
with fine wire and may be easily damaged. 
The filter has the function of rejecting all 
frequencies below Channel 2. If this coil 
opens, the filter will not operate properly. 
Interfering signals from short wave sta-
tions may pass through and produce bars 
in the picture. Also, short wave stations 
may be heard in the sound. Fortunately, 
the coils are easily checked with an ohm-
meter, for continuity. Disconnect the 
antenna when making this check to avoid 
reading continuity through a folded dipole. 

Another example of a trouble not af-
fecting d-c potentials is to be found in 
tuners employing push-pull oscillators 
such as the KRK-2 and KRK-5 types. This 
trouble is the possibility of the shorting 
bar opening up. We will look into this 
possibility with the aid of the schematic 
of the push-pull oscillator of the KRK-2 
tuner, shown here: 
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Fig. 31-61 

The location of the shorting bar is 
indicated in the schematic. This shorting 
bar is soldered between two wafers which 
hold the tuning elements of the push-pull 
circuit. If the shorting bar connection is 
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open, it will be the same as if the short-
ing bar is always in the first position, 
(see Fig. 31-61). That is, the full induct-
ance of each line will be in the circuit. 
This re sona te s at Channel 1, in the 
KRK-2 tuner. Channel 1 is no longer used, 
so no TV reception would occur. We 
would see snow but no picture on every 
switch position. The KRK-5 tuner which 
uses the same oscillator has no Channel 
1 position, but begins on Channel 2. On 
this tuner, we would always be tuned to 
Channel 2 regardless of the position of 
the Channel switch. It is important to 
remember that this same symptom could 
be caused by a broken detent fiber shaft. 
Of course, inspection of the detent mech-
anism would quickly reveal if it was at 
fault. The shorting bar does not have to 
open completely and stay that way. It 
could be intermittent. In that case the 
effects caused would also be intermittent. 
The poor or open connection can frequent-
ly be detected by squeezing the two 
wafers to which the bar connects and 
observing any indication of a loose con-
nection. 

Flicker. — Two types of kinescope 
indications are generally grouped together 
by many servicemen under the general 
heading of " flicker". These two indica-
tions are: (1) A pulsing of picture signal 
strength, and ( 2) flashing in the picture. 

Pulsing of picture signal strength may 
be due to one of two causes: flapping of 
the transmission line or motorboating in 
the receiver. If the transmission line 
does not have enough standoff insulators 
and is able to flap in the vicinity of a 
conducting body, picture pulsing will 
occur. This commonly happens on the 
antenna mast. Flapping of the transmis-
sion lir.e in the immediate vicinity of the 
metal mast will cause picture pulsing. 
The solution is to use additional standoff 
insulators to prevent flapping. 

Motorboating in an amplifier carrying 
picture information can cause picture 
pulsing. Motorboating is a very low fre-
quency oscillation which causes corre-
sponding changes in gain and picture 
strength. One of the causes of motorboat-
ing in the picture is defective operation 

of an AGC system. A more detailed dis-
cussion of this will be found in a later 
lesson on AGC. 

Flashing. — Flashing in the picture is 
generally caused by one of the following: 
(1) Leaky i-f coupling condenser, ( 2) in-
termittent break in the transmission line, 
or (3) poor electrical connection on the 
antenna or its reflector, if any. Flashing 
due to an intermittent leaky i-f coupling 
condenser is fully covered in the next 
lesson and need not be considered further 
here. An intermittent break in the trans-
mission line can also cause flashing. 
This can be checked fairly easily with an 
ohmmeter. The exact method of making 
the tests depends upon whether the an-
tenna is a folded dipole or an ordinary 
dipole. In the case of a folded dipole, 
the procedure is as follows: Disconnect 
the transmission line from the receivei 
and measure the resistance of the line. It 
should be a dead short ( practically), be-
cause the folded dipole is a d-c short 
across the other end of the line. A steady 
or intermittent high resistance reading 
indicates an open line, or poor connec-
tions at the antenna. The latter can be 
checked by visual inspection. In the case 
of a conventional (open) dipole, it will be 
necessary to short circuit one end of the 
transmission line and check its continuity 
at the other end. 

DETENT TROUBLES 

31-16. In the switch type of r-f unit we 
have a mechanical component which is 
generally referred to as a "detent". This 
is the device which rotates the switch 
contacts when changing channels. The 
detent provides a positive mechanical 
lock on each channel position. This is 
generally accomplished by having a heav-
ily spring-loaded ball bearing fall into a 
groove when the proper channel position 
is reached. The detent as removed from 
the KRK-2 type tuner is shown in Fig. 
31-62. 

Detent Troubles. — One of the troubles 
encountered in the detent is a broken 
fiber shaft which normally rotates the 
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Fig. 31-62 

switch contacts. This breakage frequent-
ly occurs at the point where the fiber 
shaft connects to its metal coupling. The 
pin which holds the fiber shaft to the 
metal coupling requires that a hole be 
drilled through the shaft. This weakens 
the shaft and makes the hole a probable 
point of breakage. If the fiber shaft should 
break, the channel switch will still click 
but it will not be possible to change sta-
tions. If the breakage occured at a time 
when the switch was contacting properly, 
one station would be received regardless 
of the position of the channel switch. It 
is also possible for the shaft to break at 
a time when the switch is positioned in 
between contacts. In this case, no re-
ception will be possible In any channel 
position. 

Another detent trouble which some-
times occurs only affects the mechanical 
lock on each channel. This may be caused 
by loss of the steel ball or breakage of 
the spring arm holding the ball. In this 
case the set will work properly, but it 
will be very difficult to set the switch on 
a particular channel. Instead of clicking 
in on each channel, the switch will ro-
tate too freely. 

Replacing The Detent. — If it becomes 
necessary to replace a detent, great care 
should be taken to see that the detent 
goes back in the same way it came out. 
If this is not done various troubles may 
occur, some of which are ciiscussed here. 
The channel switch is made up of several 
wafers. Each wafer has a number of fixed 
contacts and a separate center portion 

which rotates the movable contact. The 
construction of a typical wafer can be 
seen here: 

It 

Fig. 31-63 

When the detent is pulled out of the 
r-f unit, the wafer contacts are free to be 
rotated independently. It sometimes hap-
pens that one or more of the wafers may 
be accidently positioned 180 degrees 

away from the others. If this incorrect 
positioning occurs in one or more wafers 
used in the antenna, r-f or converter 
stages ( but not the oscillator), channels 
may be received at the correct switch 
setting. However, the picture will be 
weak. If the oscillator wafer is 180 de-
grees out of position, channels will not 
be received in the correct pointer posi-

tion and reception will again be weak. 

In order to avoid having one or more 
wafers 180° out of position, note the 
location of the small notch cut out of 
the rotatable portion of the wafer (Fig. 
31-61). If these all point the same way, 
there can be no 180 degree discrepancies 
between different wafers. However, it is 
still possible to insert the entire detent 
so that it is 180 degrees off with respect 
to all the wafers. As an example of what 
might happen in this case, let's take the 
decent of the KRK-2 type tuner. A front 
view of the detent is shown in Fig. 31-64. 

Note that an "X" is marked at the top 
of the flat plate. This detent must be in-
stalled with the " X" pointing to the top 
of the r-f unit. It is possible to install 
this decent with the " X" pointing down, 
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Fig. 31-64 

and still have the knob point at the cor-
rect channel number. However if this is 
is done, the moving contact will fall 

between the fixed ones instead of making 
direct contact. This will cause inter-
mittent reception if the switch contacts 
happen to touch slightly. 

Not all detents have an "X" so con-
veniently marked and it may be somewhat 
more difficult to determine the correct 
position. On such detents you will have 
to examine the actual switch contacts to 
determine if the detent is 180 degrees 
off. Frequently, the pointer will not be 
directly on the Channel number if the 
detent is off, but will point between two 
channel numbers. This is another aid in 
determining the correct position of the 
detent. 
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THE ULTRA HIGH FREQUENCY 
TELEVISION BAND 

31A-1. To allow expansion of tele-
vision broadcast service throughout the 
United States, the Federal Communi-
cations Commission is opening a new TV 
broadcast band of 470-890 mc in the UHF 
300-3,000 mc range.These are in addition 
to the TV bands of 54-88 mc and 174-216 
mc in the VHF 30-300 mc range. There 
will also be new allocations of the 12 
VHF TV broadcast channels numbered 
2 to 13. The added UHF channels are 
each 6 mc wide, like the VHF channels. 
Starting with Channel 14 at 470-476 mc, 
there are 70 additional channels up to 
Channel 83. 

Some areas, particularly small towns 
and rural areas will be served only by 
UHF. Some cities may have only VHF 
channels, while many locations will be 
allocated a mixture of both VHF and 
UHF channels. 

Although a receiver for use in a given 
area needs to receive only the channels 
allocated for that area, it was considered 
advisable in the manufacture of most VHF 
receivers to include tuning for all 12 
channels. The receivers could then oper-
ate without further changes wherever they 
were installed, if one or more VHF sta-
tions were broadcasting.With the addition 
of the UHF stations there are three pos-
sible methods of including in the receiver 
tuning for the UHF channels. The UHF 
channel circuits can be included in the 
receiver as manufactured; an ultra-high-
frequency converter for the UHF channels 
may be manufactured to be attached to the 
front end of a VHF receiver; or the re-
ceiver can be made to allow for addition 
of UHF tuner strips or the like without 
the need for an external UHF converter 
unit. 

TABLE A (CHARACTERISTICS OF LINE SECTIONS) 

OPEN— CIRCUIT LINES 

7: „„._ /4 _.,_ 

LOOKS LIKE A 
CAPACITY 

''LESS THAN /‘ 41 

7/‘2 

4 

E 

LOOKS LIKE A 
---SERIES RESONANT 

CIRCUIT, OR 
SHORT CIRCUIT 

_.....LOOKS LIKE AN 
INDUCTANCE 

\BETWEEN AND /2 1/ 

2 

LOOKS LIKE A 
  _PARALLEL 

RESONANT 
  CIRCUIT, OR 

OPEN CIRCUIT 

SHORT CIRCUIT LINES 

I 

C e. , -- LOOKS LIKE AN 
INDUCTANCE 

LESS THAN 4 

I E 
LOOKS LIKE A 

46/PARALLEL RESONANT 
CIRCUIT, OR 
OPEN CIRCUIT 

4,---LOOKS LIKE A 
CAPACITY 

BETWEEN /4 'AND 

E 

2 

LOOKS LIKE 
A SERIES 
RESONANT 
CIRCUIT, OR 
SHORT CIRCUIT 

:) 

CHARACTERISTICS REPEAT WHEN MULTIPLES OF AN ELECTRICAL HALF WAVE 
ARE ADDED. 
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TABLE B (TUNING CHARACTERISTICS OF RESONANT SECTIONS AND CONVENTIONAL CIRCUITS) 

WHEN INPUT FREQUENCY 
IS CONSTANT, AND THE 
CIRCUIT IS ADJUSTED 

ABOVE  
RESONANCE 
(SECTION MADE 
SHORTER) 

LOOKS LIKE 

BELOW 
RESONANCE 
SECTION MADE 
LONGER) 

LOOKS LIKE 

INDUCTANCE 

(xc > XL) 

CAPACITY 

(XL > c) 

CAPACITY 

(Xc XL) 

CONVENTIONAL 
CURCUIT 

RESONANT 
SECTION 

AT RESONANCE THESE 
CIRCUITS LOOK LIKE 
A HIGH RESISTIVE 
IMPEDANCE , OR 
"OPEN CIRCUIT" 

INDUCTANCE 

—L 

E 

E 

AT RESONANCE THESE 
(XL> Xc) CIRCUITS LOOK LIKE 

A LOW RESISTIVE 
IMPEDANCE, OR 
"SHORT CIRCUIT" 

WHEN THE CIRCUIT IS 
CONSTANT, AND THE 
INPUT FREQUENCY IS 
ADJUSTED. 

ABOVE I BELOW  
RESONANCE RESONANCE 

LOOKS  LIKE LOOKS LIK€ 

CAPACITY 

(XL > c) 

INDUCTANCE 

> XL) 

INDUCTANCE 

(XL > Xc) 

CAPACITY 

(xc > X 

TUNED LINE CHARACTERISTICS REPEAT WHEN MULTIPLES OF AN ELECTRICAL 
HALF WAVE ARE ADDED 

SOME ULTRA HIGH FREQUENCY PRINCIPLES 

3M-2. As frequency increases, the 
conventional tuning elements of induc-
tance and capacitance become physically 
smaller and less efficient. For the highest 
frequency channel in the VHF band (chan-
nel 13, 212 to 216 mc.), two turns of wire 
with brass core and the associated dis-
tributed capacitance are sufficient to con-
stitute the required resonant circuit. When 
we go up to the higher UHF channels, 
above 500 mc. specially designed tuning 
elements become necessary. A great many 
physical arrangements are possible. 

To better understand the physical ar-
rangement of ultra high frequency tuning 
elements likely to be encountered in the 
field, it is well to look at the character-
istics of quarter-wave and half-wave sec-
tions of transmission line. These are 
summed up in Tables A and B. 

Tuned-line sections may be made in 
coaxial form or in the form of a two-wire 
open line. They may be made from metal 
tubes, rods, or foil, and are generally 
silver-plated to reduce radio frequency 

losses. Examples of such 
are shown in Fig. 31A-1. 
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Fig. 31A-1 

To keep the elements short, the sec-
tions may be cut to lengths less than a 
quarter-wave being then tuned to resonance 
with a capacitor. This is really the same 
sort of thing as resonating a capacitor and 
the inductance of its leads. 

ESSENTIALS OF AN ULTRA HIGH 
FREQUENCY CONVERTER 

3M-3. Block Diagram. — The ultra 
high frequency converter is a device con-
nected at the input of an ordinary televi-
sion receiver to make possible the recep-
tion of the UHF channels. It may be a 
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separate device connected to the antenna 
terminals; or it may be an internally 
mounted, fixed-tuned device. In order to 
utilize as much as possible of the VHF 
receiver to which the UHF converter is 
added, the superheterodyne principle is 
used to convert the UHF signals to a lower 
frequency, which can then be applied to 
the appropriate circuit of the original re-
ceiver. This arrangement is known as a 
double superheterodyne circuit. 

The essential sections of a UHF con-
verter are shown in Fig. 31A-2. These are: 
a high-pass filter to reject signals below 
470 mc; a UHF tuning section to select 
the desired channel; an oscillator and 
mixer to convert the UHF signal to a lower 
frequency; and an i-f amplifier to provide 
the desired gain. Some manufacturers ap-
ply this output to an appropriate channel 
of the VHF receiver to utilize its r-f sec-
tion as additional i-f amplification in a 
double superheterodyne circuit; the con-
verter output frequency is selected to 
agree with a VHF channel otherwise un-
used in the given locality. Others add a 
second oscillator and mixer to the con-
verter circuit and couple the output to 
the i-f section of the VHF receiver, cut-
ting out VHF r-f and oscillator-mixer stage 
completely. 

In addition to selecting the desired 
channel, the UHF converter must provide 
gain of the signal while introducing as 
little noise as possible in the converter 
circuits. Special tubes and circuits have 
been developed to provide improved sig-
nal-to-noise ratio at the ultra high fre-
quencies. 

High- Pass Filter. — In the VHF re-
ceiver there are filter and trap circuits in 
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the input to the r-f section to prevent un-
wanted signals from passing to the am-
plifier circuits and causing interference. 
This requirement assumes even greater 
importance in UHF converters. It is also 
necessary to prevent the local oscillator 
in the converter from radiating its signal, 
thereby causing interference to other near-
by receivers. While a band pass filter 
could be made that will accept only the 
UHF channels, 470 to 890 mc, cutting off 
sharply both below and above that range, 
it is usually simpler and just as effective 
to provide merely a high-pass filter that 
rejects frequencies below 470 mc. Fre-
quencies above the UHF TV range are not 
likely to be a source of interference. 

Input filter circuits to the r-f section 
of the converter are found in many physi-
cal forms. The new technique of printed 
circuits is particularly effective for this 
application. 

UHF Tuning Elements. — Tuning ele-
ments for UHF are made in forms which 
appear quite odd to those who are accus-
tomed to VHF circuits. One manufacturer 
uses specially designed variable induc-
tances. Another uses a metal foil mounted 
on a bakelite tubing, with a movable slug 
inside. Others use printed circuits with 
shaped inductors. Tuning may be effected 
by varying the circuit inductance or the 
capacitance. Tracking of r-f and oscillator 
tuning elements is determined by the 
shape of the inductor elements, or is ad-
justed by padding with suitable induc-
Lances or capacitances. 

To illustrate the wide variation in 
types of tuning elements the products of 
several manufacturers are shown. These 
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are the Mallory UHF "Inductuner" Fig. 
31A-3, the Zenith UHF coil and assembly 
for a single UHF channel strip ( Fig. 31A-
4) and an experimental RCA copper foil 
element ( Fig. 31A-5). 

' `Ippleee PEW.' 

(Zenith Radio Corporation, 

Fig. 31A-4 

lead 
connections 

lead 
connections 

Fig. 31A-3 

(a) 

(P. R. Mallory Co.) 

tuning 
adjustment 

tuning 
adjustment 

inductance 
(b) 

Fig. 31A-3 

capacitance 
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These will be explained later in the 
discussion of specific UHF converters. 

UHF CONVERTER CIRCUITS 

31A-4. The specific input filter, r-f 
and oscillator circuits of a UHF converter 
depend upon the particular design of input 
and tuning elements of the manufacturer. 
In general, the overall circuit is a double 
superheterodyne. Some manufacturers util-
ize high frequency tubes as the mixer de-
tector. Others use a crystal diode, which 
is more efficient at the ultra high frequen-
cies. For the i-f amplifier, however, there 
is general agreement in the use of the 
cascode circuit for reasonable gain with a 
good noise factor. The r-f and oscillator 
circuits will be described in the discus-
sion of specific UHF converters. The 
cascode circuit will be explained at this 
time, since it is common to most converter 

circuits. 

Cascode Circuit. — The signal applied 
to the i-f section of a UHF converter is 
likely to be much smaller than that availa-
ble at the i-f input of a VHF receiver. This 
results from the fact that for equal power 
output at the transmitter, there is a greater 
propagation loss at the ultra high frequen-
cies. Also there is some signal loss in 
the input and tuning sections of the UHF 
converter. The net result is a lower signal-
to-noise ratio at the input to the i-f ampli-
fier. This makes it necessary to keep the 
noise generated in the i-f amplifier to as 
low a level as possible, if a usable sig-
nal is to be passed on to the remaining 
receiver circuits. 

While a pentode amplifier can operate 
with relatively high gain and has other 
distinct advantages, its noise level is 
high. In addition to the " shot-effect" 
noise, (the impact of electrons striking 
the plate) which is common to all tubes, 
pentodes have " partition" or " intercep-
tion" noise resulting from variations in 
the division of the tube current between 
the screen grid and the plate. The noise 
of a tube connected as a pentode is from 
3 to 5 times as high as the same tube 
connected as a triode. Obviously, it is 
desirable to use a triode. But, since the 
amplification capabilities of a triode are 
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so much less than that of the pentode, 
two stages of triode amplification become 

necessary. 

Even with two stages of triode ampli-
fication it is still necessary to provide 
maximum amplification with a good noise 
factor ( high signal-to-noise). The best 
noise characteristics can be obtained with 
the use of a grounded grid triode circuit. 
However, this circuit has the disadvantage 
of low gain and low input impedance. The 
low input impedance is a particular draw-
back since a high input impedance is re-
quired at the first stage to give maximum 
gain for a wide range of input signal 
strength. The solution has been found in 
the use of a grounded-cathode amplifier, 
which has a high input impedance, fol-
lowed by a grounded - grid amplifier, 

which has a good noise factor. The com-
bination is designated a " cascode" am-
plifier. Special twin triode tubes with 
particularly good noise factor have been 
developed for use in the cascode circuit. 

B+ 

OUTPUT 

INPUT INPUT 

(a) Direct-Coupled 

The basic cascode circuit may be 
either direct coupled or a-c coupled from 
the plate of the first to the cathode of the 
second stage, as shown in Fig. 31A-6 (a 
and b). 

Modifications and additions to these basic 
circuits are made for the purpose of neu-
tralization to improve the stability of the 
circuit. 

SPEC IFIC UHF CONVERTERS 

31A-5. Mallory UHF Converter. — The 
circuit for the Mallory UHF converter is 
shown in Fig. 31A-7. The converter uti-
lizes a 3-section Mallory UHF " Induc-
tuner" which provides continuous tuning 
for complete coverage of channels 14 to 
83. Only four alignment adjustments are 
needed far entire coverage of the UHF 
band. By having the oscillator operate at 
a lower frequency than the carrier there 

Ebb 

RFC 

Fig. 31A-6 

(b) A-C Coupled 
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is no inversion of the video and audio 
carriers, so that the output of the con-
verter can be fed into the input terminals 
of a suitable channel of a conventional 
VHF receiver. The oscillator tuning-
section covers a range of 378 to 828 mc; 
when tracking with the r-f tuning section, 
the converter output falls within the 76-
88 mc band. By adjustment of the tuning 
knob, the six megacycle channel width 
may be put at either 76-82 mc or 82-88 mc, 
corresponding to channel 5 or 6 of the 
regular receiver. The channel selected is 
one which is not allocated for reception 
in an area where the receiver is installed. 
By making the UHF input and the i-f 
amplifier accept a 12 mc band width, no 
local preadjustments are necessary. 

UHF Preselector Tuning Section. — 
The Mallory UHF Inductuner element, 
shown in Fig. 31A-3, consists of dual 
edge-mounted strips arranged in a con-

CONTACTOR 

IOWA,. QS 

emoN 

SC FICW 

OUTPUT TRANSFORMER 

31A- 7 

ex. 

FRONT 

AC C01.0 

VAR 
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centric path. A shorting element, rotating 
within 270°, provides the required in-
ductance range by varying the effective 
length of the loop ( up one strip and back 
the other). The strips are rigidly held in 
a mica-filled phenolic base to provide 
mechanical strength and correct electrical 
properties. A three-section tuner is shown 
in Fig. 31A-8. The antenna-tuning section 

Fig. 31A-8 

(p. R. Mallory Co.) 
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is at the rear of the assembly, the mixer-
tuning section is in the center, and the 
oscillator-tuning section is at the front. 
The antenna and mixer-tuning sections 
constitute the first and second pre selector 
tuning-section elements. These are taper-
ed differently with respect to each other 
and to the oscillator section, in order to 
allow for tracking differences introduced 
by the antenna and mixer coupling. 

The two tuning elements in the pre-
selector, ahead of the mixer, provide 
double-tuned selectivity and the required 
impedance match to the mixer. The equiv-
alent circuit for the preselector-tuning 
elements is shown in Fig. 31A-9. 

A 5 EQUIVALENT A 

A 
1.5MMFT T.SAINIF 

Fig. 31A-9 

A major source of trouble at the ultra 
high frequencies are the losses, due to 
resonance at particular frequencies, re-
sulting from the small physical dimensions 
of a circuit loop which will resonant in 
the UHF band. By operating the inductor 
elements in a balanced arrangement, as 
shown in Fig. 31A-9 (a) this trouble is 
minimized. 

With the Inductuner element operating 
as a preselector, the center point ( labelled 
G2 in the figure) should be grounded to the 
the chassis. This short-circuits to ground 
any low-frequency interference which may 
be present, and also reduces oscillator 
radiation. With the inductor element oper-
ating in an oscillator circuit, the inner 
concentric conductor is connected back 
on itself, as shown in Fig. 31A-9 ( b).This 
is done to prevent an undesirable reso-
nance which will reduce oscillator output 
at frequencies above 760 mc in some 
types of oscillator circuits. 

At these ultra high frequencies, the 

choice of grounds, the placement of com-
ponents, and stray coupling to resonant 
lines must be carefully watched for un-
desirable resonant effects. 

Mixer and Oscillator Sections. — In a 
VHF receiver a major source of internal 
noise is that generated in the mixer tube. 
Since reduction of noise is so essential 
in the UHF converter, some other type of 
mixer is desirable. A crystal mixer, type 
1N72, is used. Its noise factor is con-
siderably better than that of a tube. 

As described earlier, the oscillator 
tuning-section covers a range from 378 to 
828 mc to give an intermediate frequency 
falling into either band 5 or band 6. 

Interelectrode tube capacitances form 
a part of the oscillator circuit, as in-
dicated in the equivalent circuit ( Fig. 
31A-10.) The arrangement is such that 
the reaction of the cathode and heater 
circuits on the oscillator tank circuit is 
minimized. This permits the heater-cath-
ode capacitance of the tube (C.HK is ap-
approximately 217 uuf) to be used to 
couple the oscillator signal from the 
cathode to the mixer circuit. The effect 
is that the preselector circuits coupled to 
the mixer have minimum reaction on the 
oscillator, and oscillator radiation by way 
of the antenna is kept to a mimimum. 

To obtain the required oscillator char-
acteristics and stability, it is necessary 
to use care in the layout of components 
and in the selection of ground and anchor 
points for components. In production, 
ground lances ( solder-tabs cut and bent 
from surface of chassis) are provided, and 
connecting leads are stamped from rigid 
metal to eliminate the chance for error in 
placement of components. Oscillator drift 
is minimized by proper location of the 
parts and by isolating them from the heat-
ing effect of i-f and power supply tubes. 
Because of the stability of the oscillator, 
the converter can be used with excellent 
results with television receivers employ-
ing the inter-carrier audio system. 

The l-F Amplifier. — The i-f amplifier 
in the converter ( Fig. 31A-7) uses a cas-
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code circuit, with the signal a-c coupled 
from the plate of the first stage to the 
cathode of the second. The circuit is 
neutralized in order to maintain stability 
and a good noise factor. The low-noise 
twin triode 6BQ7 is used, having been es-
pecially designed for the purpose. The 
circuit is designed to operate at 82 mc 
with a bandwidth of approximately 12 mc. 
This center frequency and bandwidth is 
determined by the adjustment of the 
double-tuned input and output transform-
ers. 

The i-f amplifier must make up for the 
losses in the antenna input, preselector, 
and mixer stages. In these circuits the 
gain is less than unity — 0.6 ahead of 

the mixer and 0.25 at the mixer. The gain 
of the i-f amplifier is approximately 6, 
from the input to the output terminals. The 
overall gain for the converter is 0.6 x 0.25 x 
6 = 0.9 or approximately 1.0. Further out-
put amplifier gain will be of no help, 
since the signal-to-noise ratio will not be 
improved thereby. 

Power Supply. — The power supply is 
a conventional transformer-rectifier-filter 
circuit to provide the required B plus 
and filament voltages. It utilizes a 6X 4 
tube connected as a half-wave rectifier. 
It is mounted on the converter chassis, 
well removed from the critical oscillator 
and tuning circuits. 

The Zenith VHF System. — Zenith re-
ceivers using turret tuning have replace-
able strips, fixed-tuned for desired chan-
nels, which have all the necessary cir-
cuits built into them. As far as the user is 
concerned, he simply turns the station 
selector to the desired UHF station as he 
would for VHF. From the serviceman's 
viewpoint, the strip is installed as for 
a VHF station ( Fig. 31A-11) and, if the 
receiver is not in a strong VHF signal 
neighborhood, some provision must be 
made for a special antenna. Zenith has 
developed an antenna coupling network 
which permits an antenna for each band to 
remain permanently connected to the re-
ceiver antenna lead, without interaction. 

(Zenith Radio Corporation) 

Fig. 31A-11 
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The UHF strip is shown at the bottom 
of the photograph, ( Fig. 31A-12) compared 
with the VHF strip directly above it. The 
UHF circuits are all contained in the 
three-barrelled casting. An exploded view 
is shown in Fig. 31A-13, in which the 
three UHF coils — antenna, mixer, and 
multiplier — are plainly seen. The screws 
at the top of the casting are the tuning ad-
justments, varying the capacitance of the 
coil circuit. 

(Zenith Radio Corporation) 

Fig. 31A-12 

(Zenith Radio Corporation) 

Fig. 31A-13 

pre 
selector 

xtal 
mixer 

The operation of the circuit is indicated 
in the block diagram, Fig. 31A-14. The 
oscillator output is passed through a diode 
crystal to generate harmonics, and the 
proper frequency is selected by one of the 
VHF coils. The incoming signal, tuned by 
another of the coils is fed, together with 
the local oscillator harmonic frequency, 
to a tuned mixer circuit which includes a 
crystal. 

The crystal in the mixer circuit per-
forms the function of a mixer tube. In or-
der to " mix" two frequencies — that is, 
combine them so as to be able to extract 
the sum or difference frequencies (hetero-
dyne principle) — it is necessary that they 
pass through a non-linear circuit. The na-
ture of the non-linear circuit is unimpor-
tant, and a vacuum tube is usually used 
for this purpose, to isolate the two input 
circuits from each other and to take ad-
vantage of amplification. However, a crys-
tal is a non-linear device since the current 
is not proportional to the voltage over the 
operating range (which includes positive 
and negative voltages; if only one polarity 
were used, as by d-c biasing, the crystal 
would be a linear device — and would be 
without effect in the circuit!). For this 
reason, the crystal will operate as a 
mixer quite satisfactorily. 

By proper selection of the oscillator 
harmonic, the frequency at the output of 
the mixer is made to be in the VHF band, 
and the signal is then fed to the regular 
r-f input tube of the receiver, where it con-
tinues just as though it were a VHF sig-
nal in the first place instead of a con-

xtol 
multiplier 

'-f amplifier 
= r-f tube 
for VHF 

VHF 
oscillator 

Fig. 31A-14 

converter 
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verted UHF signal. 

It should be noted that the local oscil-
lator frequency affects both the first inter-
mediate frequency — that is, the output 
from the strip, — and the second i-f, which 
is the normal receiver i-f. Since the strip 
comes pre-tuned, this should not be a prob-
lem for the installation. For servicing, 
specific service instructions should be 
consulted. 

The schematic diagram is given in Fig. 
31A-15. It is shown in two parts — the 
"shelf", or fixed chassis circuits, and 
the " strip" or changeable circuits. Note 
that numerous excess contacts are found 
on the shelf circuits (contacts are repre-
sented by numbered circles, for matching 
purposes). Some of these are used only 
with the VHF strips. 

The RCA Experimenta I Tuner. This 
UHF tuner does not represent finished 
commercial design but is an experimental 
model produced for obtaining reception 
data in UHF broadcast tests. Fig. 31A-5 
illustrated the physicalappearance of the 
tuning element for the UHF channels, 
while the schematic diagram of the com-
plete tuner is shown in Fig. 31A-16. For 
experimental purposes the tuner was made 
to be connected either to the antenna 
posts of a conventional receiver tuned 
to Channel 12 or 13, or coupled directly 
to the receiver's 21-27 mc i-f amplifier. 

8+  
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Li, L2,1_ 3. UHF TUNING ELEMENTS 

The tuner uses three special variable 
units, consisting of copper foils attached 
to a bakelite tube, in which a plunger 
moves. The input and interstage units are 
shown in ( a) of Fig. 31A-5. These two are 
similar, varying slightly as to foil con-
tour. The oscillator unit ( b)differs in hav-
ing more inductance, since it operates at 
a lower frequency. 

The plunger acts as a capacitive shunt 
across the desired point along the strips. 
A core movement of 1 3/8 inches is suffi-
cient to tune over a 500 to 700 mc range, 
to give a 135 mc first intermediate fre-
quency. Further design work is necessary 
to make the tuner effective over the entire 
UHF band. 

Fhe tuner circuit includes a high-pass 
input filter cutting off at 500 mc, r-f 
amplifier stage, mixer-oscillator, i-f 
amplifier at 132-138 mc, and a fixed-
tuned mixer-oscillator. This converts 
the 132-138 mc i-f either to the 21-27 mc 
i-f of the receiver or the r-f frequencies 
for the VHF Channels 12 or 13. The i-f 
of 132-138 mc is high enough to provide 
satisfactory image rejection with only 
two tuned circuits in the UHF r-f stage, 
but is also low enough to allow reasonable 
gain with conventional tubes. Automatic 
gain control is not used because the 
response curve varies with changes in 
tube transconductance. 

Fig. 31A-16 
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UHF ANTENNAS 

31A-6. For VHF television recep-
tion in the band from 54 ro 216 mc, a 
simple dipole antenna may be adequate 
for a strong signal area, while special 

types are needed for weak signal areas or 
where multiple reflections are encountered. 
In general, the same type of conditions 
are prepent in the reception of the UHF 
band from 470 to 890 mc. 

When a UHF converter is added to a 
VHF television installation there are a 
number of possible ways to pick up sig-
nals in the UHF band. 

1. The existing VHF antenna and 
transmission line may be used in 
strong signal areas. This may re-
quire. reorientation of the antenna. 

2. A built-in or cabinet type antenna 
may be used in strong signal areas. 

3. A separate UHF antenna may be in-
stalled on the mast used for VHF 
reception. By using a special coup-
ling network both VHF and UHF an-
tennas could feed into the same 
transmission line. 

4. The VHF mast may have to be moved 
to a new location for satisfactory 
pick up of both VHF and UHF sig-
nals. 

5. It may be necessary to make an en-
tirely new installation for UHF. 

The Use of VHF Antennas at UHF. — 
In medium and high signal strength areas 
where reflections are not a problem, it is 
possible to use existing VHF antennas. 
In general, at the ultra high frequencies 
the gain of these antennas is lower than 
for VHF signals and the directivity is 
poor. The entire UHF band, however, can 
be picked up. The horizontal field pattern 
for VHF antennas at UHF show many 
lobes, with the direction of the major lobe 
shifting considerably for different frequen-
cies within the band. This may require 
separate orientation of the antenna for 
stations operating on widely different 
channels. 

The V-type of VHF antennas give rea-
sonably good results at UHF. The hori-
zontal field pattern for a double- V (one 

31A-13 

behind the other) is shown in Fig. 31A-

17. 
100 % - RELATIVE VOLTAOE RESPONSE - 100 V% 

Fig. 31A-17 

HORIZONTAL 
FIELD PATTERN 

By stacking two V-type antennas one 
above the other, good UHF reception re-
sults. The same rods as those used for a 
standard dipole for channel 2 can be 
used. Such an antenna is easily installed 
on an existing mast. It has a relatively 
high gain, at UHF, in medium and weak 
signal areas, with the added advantage 
that this gain increases with the fre-
quency, offsetting the propagation and 
transmission losses which likewise in-
crease as the frequency increases. The 
directivity pattern is good and the entire 
UHF bandwidth is covered. 

UHF Receiving Antennas: Antennas 
particularly designed for UHF reception 
are often basically different in physical 
appearance from the usual types of VHF 
antennas, a consequence of the much 
higher frequencies and the much greater 
bandwidth involved. 

The simplest UHF antenna is the fan 
dipole, shown in Fig. 31A-18. This an-

Fig. 31 A-18 
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tenna is make up of two triangles of metal 
insulated from each other. The bandwidth 
of this fan dipole is excellent, and the 
gain and directivity is reasonably good. 

Better results may be obtained by 
stacking several fan dipoles vertically as 
shown in Fig. 31A-19. This results in 
greater gain for fringe area reception, but 
due to some frequency selectivity in the 
transmission lines used for phasing the 
dipoles the bandwidth is not quite as uni-
form as is the case for a single fan di-
pole. The horizontal directivity is not 
affected but there is a sharper vertical 
directivity. This sharper vertical direc-
tivity may be useful in eliminating or re-
ducing earth reflections or overhead 
reflections such as the flutter signal 
reflected from airplanes. 

Fig. 31A-19 

Rhombic antennas, such as that shown 
in Fig. 31A-20 are particularly effective 
at UHF. This type of antenna shows high 
gain, good directivity and good band 
width. It has the desirable characteristic 
of increasing gain toward the high fre-
quency end of the band. 

Experience with radar microwaves has 
led to the development of many other 
types of antenna that could be used for 
special applications or for greater gain 
or directivity. Examples of such antennas 
are illustrated in Fig. 31A-22. 

Fig. 31A-20 

Transmission Lines at UHF. — Trans-
mission line losses are much higher at 
UHF than VHF. Tubular 300-ohm line 
and coaxial line give much better results 
in wet weather than can be obtained with 
the use of the standard 300-ohm parallel 
wire flat lines, although the 300-ohm 
lines are better than the coaxial when 
dry. Line losses for different types of 
line are given below: 

Loss, Decibels per 100 Feet 

100 mc 500 mc 1,000 mc 

Type of Transmission Line Dry Wet Dry Wet Dry Wet 

Standard 300-ohm Flat Line 1.2 7.3 3.2 20.0 5,0 30.0 

Tubular 300-ohm Line 1.1 2.5 3.0 6.8 4.6 10.0 

RG 59/U Coaxial Line (75 ohm) 3.7 3.7 9.6 9.6 14.5 14.5 

RG 11/U Coaxial Line (75 ohm) 1.0 1.0 5.2 5.2 7.8 7.8 

When the antenna is designed to oper-
ate into a 300-ohm balanced line, and an 
unbalanced 75-ohm coaxial line is used, a 
connecting impedarrce transformer and 
balancing network is needed. This may 
all be incorporated into a unit called a 
"balun" ( from balance-unbalance) shown 
in Fig. 31A-21. 

Fig. 31A-21 

The balun may be used to a couple a 
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Fig. 31A-22 

300-ohm line to a 75-ohm coaxial line, 
leading to a receiver designed for it. In 
that case, the balun is installed on the 
outside of the building near the point at 
which the line enters the building. A 
lightning ground is attached to the balun 
case, which replaces other lightning ar-
resters. From the 75-ohm terminals of 
balun, the line runs to the 75-ohm input 

of the receiver. 

If a coaxial line is used as a lead from 
a 300-ohm antenna to a 75-ohm input re-
ceiver, the balun is installed directly at 
the antenna. Lightning protection is pro-
vided by grounding the shield of the 
coaxial cable at the entrance to the 
building . 
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PART I- PICTURE I-F AND DETECTOR STAGES 

FUNCTIONS OF THE I -F AMPLIFIER 

32-/. — The television signal output 
from the converter stage carries the picture 
and sound information which was received 
by the receiving antenna. However, at 
this point the information is carried by a 
lower frequency, called the intermediate 
frequency. This frequency is independent 
of the channel to which the receiver is 
tuned. The converted signal, called the 
intermediate-frequency or i-f signal, is 
coupled to the i-f amplifier stages. The 
i-f section produces most of the receiver's 
amplification. A block diagram of a typical 
intermediate-frequency amplifier is shown 
in Fig. 32-1. 

Amplifiers. — The blocks marked 1st 
pix i-f, 2nd pix i-f, 3rd pix i-f and 4th pix 
i-f are amplifiers, as classified in Lesson 
26. A four-stage amplifier of this type 
might have a total gain of 8,000. The signal 
into the 1st i-f amplifier is the intermediate 
frequency produced in the converter by 
the combination of r-f input and oscillator 

associated 

sound 

trap 

from 
mixer 

1st 
pis 

i-f 

to sound i-f 

2nd 
pix 

i I 

frequencies. The output of the last i-f 
amplifier stage is a greatly amplified 
version of this signal. The i-f output is 
coupled to the detector stage. 

Detector. — Following the 4th picture 
i-f block in Figure 32-1 there is a stage 
marked picture detector. The detector is 
a rectifier in accordance with the classi-
fication of Lesson 26. This stage has the 
function of removing the picture informa-
tion from the intermediate frequency sig-
nal. The output of the detector is the 
video signal containing desired 
picture information, sync abd blanking 
pulses. This is the form in which the 
signal is finally used by the picture tube. 
However, it is generally necessary to 
amplify , the detector output, using one or 
two additional stages of video amplifica-
tion before the signal is applied to the 
control grid circuit of the picture tube. 

Traps. — The block diagram of Fig. 
32-1 indicates three blocks designated as 
traps. These traps are required because 
the output of the mixer stage contains 
other signals in addition to the desired 
picture i-f signal. It is the function of 
the traps to prevent the passage of the 
undesired signals through the picture i-f 
amplifier. 

There are three common sources of 
undesired signals that the traps are 
designated to eliminate. These are the 
associated sound, the adjacent sound, 
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and the adjacent picture intermediate 
carrier frequencies. The adjacent channel 
sound is the sound of the channel lower in 
frequency adjacent to the channel being re-
ceived. The adjacent picture signal is the 
picture signal of the channel higher in fre-
quency adjacent to the channel being re-
ceived. 

Sound Take-off. — In Fig. 32-1 there 
is a lead out of the associated sound 
trap marked to sound i-f amplifier. This 
is the pickup point for the sound i-f sig-
nal that is fed into the sound intermediate 
frequency amplifier. This point is gen-
erally referred to as the sound take-off 
point. 

The take-off point does not have to 
be in the output of the mixer as shown 
in Fig.32-1.In a number of receivers the 
sound take-off occurs after the 1st or 
after the 2nd stage of i-f amplification. 
In another type of receiver, the sound is 
permitted to pass through all of the i-f 
amplifier stages along with the picture 
signal. Both sound and picture signals 
are applied to the detector, and the sound 
is taken off after detection. Receivers 
using this last arrangement are referred 
to as "intercarrier sound" receivers. 
Intercarrier receivers have some perform-
ance characteristics that differ from the 
separated sound carrier type of receiver; 
a more complete discussion of the inter-
carrier principle is included in a later 
lesson. 

TUNED AMPLIFIERS 

32-2. Single- Tuned Amplifier. — The 
circuit shown in Fig.32-2is an amplifier. 
An amplifier stage of this type is a 
single- tuned stage because the plate load 
consists of one tuned circuit. This stage 
amplifies in exactly the same manner as 
the R-C amplifier discussed in Lesson 3, 
but here the resistance load has been 
replaced by the inductance L, the capaci-
tance C and the resistance R, all in 
parallel. The plate load of the tuned 
amplifier includes a resonant circuit, 
therefore,instead of using just resistance. 

input 
siaI 

Fig. 32-2 

32-3 

output signal 

As a result, the tuned stage amplifies 
well only those frequencies close to the 
resonant ftequency of the tuned LC 
circuit. 

Gain Characteristic. — The gain of a 
tuned stage is different for different fre-
quencies. In any amplifier, the amount of 
gain depends on the value of the plate 
load, as described previously in Lesson 
26.When the plate load is a tuned circuit, 
the impedance of the resonant circuit, 
measured in ohms, is maximum at the 
resonant frequency and is lower for fre-
quencies above and below the resonant 
frequency. With a tuned plate load in the 
amplifier, therefore, the gain of the stage 
changes with different frequencies in the 
same way as the impedance of the reso-
nant circuit. This is illustrated in Fig. 
32-3.Notice that the highest value of the 
impedance is the resistance of the re-
sistor across the tuned circuit. As a 
result, the maximum gain of the stage is 
the amount that could be obtained with 
this resistor as the plate load. Tuning 
the resonant circuit to a different fre-
quency changes the frequency at which 

resonant 
frequency 

Fig. 32-3 
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maximum gain occurs because the maxi-
mum impedance of the tuned plate load 
then occurs at the new resonant frequency. 

Bandwidth. —The range of frequencies 
through which the gain of the tuned am-
plifier is fairly uniform is commonly 
called the bandwidth of the amplifier. 
This depends upon the value of the shunt 
resistor R across the tuned circuit and 
the value of the stray capacitance C that 
tunes with the coil L. A small resistor 
indicates a stage with low gain and broad 
bandwidth; a high resistance has the op-
posite effect — high gain and narrow 
bandwidth .This is illustrated in Fig. 32-4. 
The amount of stray capacitance forming 
the tuned circuit with the inductance has 
the same effect as the amount of damping 
resistance as far as bandwidth is con-
cerned — small values of C allow greater 
bandwidth, while larger vglues reduce 
the bandwidth for a given value of damp-
ing resistance. The smaller the value of 
stray capacitance the larger the parallel 
resistance that can be used, providing 

more gain for the same bandwidth. 

frequency 

Fig. 32-4 

Biasing. — The resistor R k in the 
cathode circuit provides bias for the 
tube. The voltage developed across R k 

may be only a part of the total bias, the 
remaining portion being provided by sup-
plying the control grid with bias from 
either the AGC or manual picture control 
circuit. The condenser Ck bypasses Rk. 

In some circuits Ck is intentionally omit-
ted to obtain more uniform operation of 
the overall amplifier circuit. This will be 
discussed in a following paragraph. 

Screen Circuit. — The resistor, Rsc, 
is the screen dropping resistor. Its func-
tion is to lower the supply voltage to the 
proper value for the screen grid of the 
particular tube being used. Csc is the 
screen bypass condenser. The purpose 
of this condenser is to short circuit the 
screen grid to ground for the signal fre-
quency voltage. 

TOTAL I- F GAIN AND BANDWIDTH 

32-3. In practically all television re-
ceivers the i-f amplifier is called upon to 
supply much more gain than can be pro-
vided by one stage of amplification.There-
fore it is necessary to connect several 
stages of amplification, as was indicated 
in the block diagram of Fig. 32-1. 

The signal to be amplified includes 
many frequencies. The picture signal that 
must be amplified consists of the inter-
mediate frequency picture carrier plus a 
group of additional frequencies that ex-
tend above and below the picture carrier 
frequency. These frequencies around the 
carrier frequency are called the sidebands 
or sideband frequencies. They must be 
amplified along with the carrier for proper 
picture reproduction. 

Figure 32-5 shows a typical response 
curve of a complete television i-f ampli-
fier system. The vertical axis of the 
curve represents gain of the amplifier and 
the horizontal axis indicates the fre-
quency at which the gain, is obtained. 
Note that the gain is constant over a wide 
range of frequencies. This required curve 
is quite different from that obtained with 
one stage of single tuned amplification. 
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To obtain this bandwidth, with the re-

quired amount of gain, the i-f amplifier 
generally uses three or four stages. 

Stagger-tuned Amplifiers. — With iden-
tical single-tuned stages all having their 
peak gain at exactly the same frequency, 
the overall result would be high gain at 
the resonant frequency of the tuned cir-
cuits but the bandwidth would be even 
narrower than for a single stage. The 
result would be a very sharply peaked 
gain curve. However, if the peak gain of 
the individual stages is made to occur at 
different frequencies, the desired response 
of Fig. 32-5 can be obtained. An amplifier 
using this method of obtaining the desired 
response curve is called a stagger-tuned 
amplifier because the individual stage 
resonant frequencies are staggered with 
respect to one another. 

When a number of stages are combined 
in a stagger tuned arrangement to get a 
certain overall result, there is a definite 
frequency to which each stage must be 
tuned. There is also a definite broadness 
of response or bandwidth required of each 

/00 Z 

7t),4 

23.6mc 

in 

stage 1 
tuned to 
23.6 mc 

individual stage.All stages are not neces-
sarily equally broad. Each stage individu-
ally is a single-tuned amplifier. The 
frequency to which each stage must be 
tuned and the bandwidth required of each 
stage is determined by the overall re-
sponse and the number of stages used. 

Example of Stagger Tuning. —Fig. 32-6 
illustrates how two stages might be tuned 
to get the overall response indicated. 
Note that one stage is tuned to 23.6 mc 
while the second stage is tuned to 26.4 
mc. Each stage has a bandwidth of 2.8 
mc between the points where the gain is 
70% of its maximum value. The overall 
result is an amplifier centered at 25 mc 
with a 4 mc bandwidth at the 70% points. 
'ote that the overall ampliifier rias a more 
uniform response than the individual 
stages. 

Damping Resistor. — The resistor 
across the tuned circuit of Fig. 32-2 is a 
very critical component when single tuned 
circuits are used in a stagger tuned am-
plifier system. This resistor is generally 
referred to as the damping resistor. The 
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value of this resistor determines the 
bandwidth of the individual stage and 
also the gain of the stage. An incorrect 
value of damping resistor can result in 
an overall response curve that is much 
different from what is required. Using too 
low a value of damping resistor results 
in too large a bandwidth for the individual 
stage with low gain, whereas too high a 
value produces too narrow a bandwidth, 
with too much gain at the resonant fre-
quency of the tuned circuit. 

Location of the Damping Resistor. — 
When single-tuned stages are connected 
to form a stagger-tuned system, it is 
possible to couple from one stage to the 
next in several ways. Fig,32-7 illustrates 
three of the commonly used methods. In 
every case the damping resistor is ef-
fectively connected across the tuned 
circuit as far as the signal voltage is 
concerned. However, the damping resistor 
need not be connected across the tuned 
circuit directly. 

In ( a) of Fig. 32-7 the tuned circuit is 
composed of L and C. Cs is not usually 
a physical capacitor but consists of the 
stray wiring and the tube input and output 
capacities. Note that for the signal, Cs 
and L are in parallel since the low end 
of L is connected to ground through a 
bypass condenser. C, is a coupling con-
denser and acts as a short circuit at the 
i-f signal frequencies. 

R is the damping resistor in parallel 
with L for the signal. Note that the upper 
end of R is connected directly to the 
upper end of L for the signal frequency 
since the condenser C, acts as a short 
circuit for the signal. Also, the lower end 
of R is connected to the lower end of L 
since the lower ends of both L and R are 
shorted to ground for the signal frequency 
through a bypass condenser. 

In ( b) the conditions are almost the 
same as in ( a) except that the positions 
of L and R have been interchanged. L is 
in the grid circuit and R is in the plate 
circuit, but they are in parallel for the 

signal frequencies. 

In Fig.32-7(c) the coupling condenser 
is omitted and the signal is transferred 

from the plate to the following grid by 
transformer action. This is accomplished 
by interwinding two coils to get very 
tight coupling between the plate side and 
the grid side. A coil of this type is called 
a bifilar coil. The circuit acts as if only 
a single coil were present as in either 
(a) or ( b) but it permits the elimination of 
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the coupling condenser. The damping 
resistor is the resistor R, which is direct-
ly in parallel with the tuned circuit. 

Bifilar l-f Transformers. — Fig.32-8 
illustrates the construction of the bi-filar 
i-f transformers. Instead of winding a 
single wire on the coil form, two wires 
are simultaneously wound parallel and 
directly adjacent to each other from the 
start of the winding to the finish. 
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Fig. 32-8 

An important advantage gained by the 
use of bifilar transformers over the single-
wound coil-capacitor combination, is im-
proved noise immunity due to low resist-
ance provided by the secondary winding 
in the i-f grid circuits. Noise pulses 
which may be of sufficient amplitude to 
develop a charge on coupling capacitors 
would create a temporary excess of bias 
on the tube, thus causing momentary 
reduction of stage gain. Although a noise 
pulse would modulate the carrier towards 
the black level, each indication of such 
modulation on the kinescope is followed 
by a white tail destroying picture quality 
and sync. E3ifilar transformers eliminate 
the necessity of a coupling capacitor and 
therefore reduce this objectionable effect. 

Double- Tuned Amplifier.— The circuit 
arrangement in Fig. 32-9 is a double-tuned 
amplifier stage. The double-tuned stage 
has the advantage over the single-tuned 
stage in that for the same broadness of 
response and using the same tubes, a 

32-7 

double-tuned stage will give a greater 
gain, perhaps twice the gain of a single-
tuned stage. However, when a number of 
stages must be used to produce the re-
quired overall i-f response the superiority 
of the double tuned stages tends to be 
reduced. If the number f stages needed 
is sufficiently great the stagger-tuned 
arrangement is actually superior. Also, 
the alignment procedure for an i-f ampli-
fier composed of double-tuned stages is 
more involved than the procedure required 
for a staggered single-tuned system. 

Fig. 32-9 

R ef erring to Fig. 32-9, one of the 
double-tuned circuits is composed of L1 
and C1 while the other tuned circuit is 
composed of L 2 and C 2. Both of these 
tuned circuits are resonant at the center 
of the band of frequencies that the stage 
is required to amplify. The two coils 1: 1 

and Llare on the same coil form to provide 
mutua? coupling (M)so that the transformer 
action between the coils couples the sig-
nal from one stage to the next. 

Effect of R1 and R 2. — The shape of 
the response curve of an individual 
double-tuned amplifier stage is controlled 
by damping resistors RI and R2. Fig. 32-10 
shows the three types of response that 
can be obtained from a double-tuned stage. 
Curve ( a) is called an overcoupied re-
sponse curve and results from a combina-
tion of high values for R1 and R 2 and 
close coupling ( spacing) between L1 and 
L 2. The overcoupled curve is character-
ized by the dip in the center of the curve. 
Curve ( b) is referred to as a critically 
coupled response curve. It is character-
ized by the flat top. This curve results 
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from exactly the right combination of 
values for R1 and R 2 and the coupling 
between L1 and L2. For a fixed coupling 
between L1 and L 2 the values of R and 
R 2 required for curve ( b) would be rower 
than that required to produce curve ( a). 
Curve ( c) is an undercoup/ed response 
curve and it is characterized by the fact 
that it comes to a definite peak. Reducing 
the value of Ri and R 2 below that required 

to produce curve ( b) would result in 

C urve (c). 

I- F TRAP CIRCUITS 

32-4. In the block diagram of Fig 32-1 
traps were indicated for the associated 
sound, the adjacent sound, and the ad-
jacent picture i-f carriers. The exact 
frequency to which each of these traps 
must be tuned depends on the interme-
diate frequency range of the particular 
receiver. 

As an example, suppose the inter-
mediate frequency of the picture carriez 
is 25.75 mc as indicated in Fig. 32-11. 
Further assume that the receiver is tuned 
to Channel 3 and that the local oscillator 
of the receiver is higher in frequency than 
the incoming r-f signal. The picture car-
rier frequency for Channel 3 is 61.25 mc. 
Therefore, the local oscillator must be 
above this frequency by an amount equal 
to the picture i-f. Therefore the local 
oscillator frequency when the receiver is 

tuned to Channel 3 is 61.25 plus 25.75 

or 87.00 mc. 

The sound carrier for Channel 3 is 
65.75 mc. When the sound carrier beats 
with the 87.00 mc oscillator frequency 
the sound i-f produced is 87.00 minus 

25mc 
sound 

Fig. 32-11 

25.75mc 2725mc 
pit adjacent 

sound 

65.75 or 21.25 mc. This is the frequency 
to which the associated sound trap is 
tuned. 

Suppose that Channel 2 can be re-

ceived at the particular receiving loca-
tion. Though the receiver is tuned to 
Channel 3 the sound carrier of Channel 2 
will get to the converter stage. When the 

sound carrier of Channel 2 at 59.75 mc 
beats with the 87.00 mc frequency of the 
local oscillator the intermediate frequency 

produced is 87.00 minus 59.75 or 27.25 
mc. This is the frequency to which the 
adjacent sound trap must be tuned. If 
Channel 4 can also be received at the 
receiving location interference is pos-
sible from the Channel 4 picture carrier 
located at 67.25 mc. When the 67.25 mc 
picture carrier beats with the 86.00 Inc 
local oscillator signal the difference fre-
quency produced is 19.75 mc. This is the 
frequency to which the adjacent picture 
trap is tuned. 

For different intermediate frequencies 
in a receiver the trap frequencies would 
be different but they have the same rela-
tionship as in the above example. 

Absorption Traps.— Fig. 32-12 a shows 
a type of circuit called an absorption trap, 
which is commonly used in the picture i-f 
amplifier stages in order to reject an un-
wanted frequency by absorbing energy at 
this frequency. The trap consists of a 
coil and condenser connected in parallel, 
like C2 and L2 in Fig. 32-12. The resonant 
frequency of the trap circuit depends on 
the values of L and C. The trap circuit 
is coupled tà the amplifier's tuned plate 
load by transformer action between the 
coils L1 and L 2. The voltage induced in 
the secondary coil L2 by the primary coil 
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Fig. 32-12 

L1 produces current in the secondary be-
cause the trap is a closed electric circuit. 

Any current flowing in the secondary 
circuit of a transformer must be supplied 
by the primary circuit. Fig. 32-12 b illus-
trates the fact that current flows in the 
trap circuit.. The voltage induced in L 2 

by the current in the primary coil L1 
produces current in the secondary circuit 
consisting of L2' C 2 and r in series. At 
the resonant frequency of the trap circuit, 
which is the frequency to be rejected, the 
capacitive reactance of C 2 and the in-
ductive reactance of L2 cancel and maxi-
mum current flows through rs in this 
series resonant circuit. The current that 
flows through rs in the secondary must 
come from the primary circuit . Therefore, 
the primary circuit can be considere.I 
to be as shown in Fig. 32-12c with Rs re-
presenting a resistance in the primary 
equivalent to the resistance rs in the 
secondary. At the resonant frequency of 
the trap circuit rs and Rs are pure re-
sistances without any reactance. The 
equivalent primary resistance Rs is in 
series with L1 because the transformer 
action is produced by each turn in the 
coil. 

The equivalent resistance Rs is larger 
than the secondary resistance rs because 
the transformer effectively has a voltage 
step-down turns ratio from primary to 
secondary, or looking from the secondary 
back to the primary the turns ratio is a 
current step-down and impedance step-up. 
For a typical picture i-f circuit the equiva-
lent resistance Rs on the primary due 
to the absorption trap circuit on the sec-
ondary is several thousand ohms. 

Note that the resistance Rs is inside 
the parallel L-C circuit. it is in series 
with L1 in the tank circuit but is not in 

series with the complete tuned circuit 
that is the plate load. When the resistance 
within a parallel L-C circuit increases, 
its Q is reduced. With a lower Q in a 
parallel L-C circuit the impedance is 
reduced. With the high resistance of Rs 
in series with L1 in the primary, at the 
resonant frequency of the absorption trap, 
therefore, the impedance of the i-f ampli-
tier's tuned plate load becomes smaller, 
reducing the gain of the amplifier at the 
rejection frequency. 

The absorption trap reduces the gain 
of the i-f amplifier the most at the fre-
quency to which the trap circuit is tuned. 
When the trap is tuned to the rejection 
frequency, the effect of R in the primary 
lowers the gain of the r-f amplifier at 
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the trap frequency and the unwanted 
frequency is rejected. If the trap is tuned 
to some other frequency, maximum re-
jection will still be produced at t:ie reso-
nant frequency of the trap but this will 
not be the frequency that should be rejected. 

Sound Take-Gff Trap. — In the block 
diagram of Fig. 32-1 the sound signal is 
shown as the output of the associated 
sound trap. W hen the sound signal is 
taken off a trap circuit, one side of the 

trap coil is grounded as shown in Fig. 
32-13. The sound take-off point is geler-
ally a tap on the coil, as illustrated. At 
the trap resonant frequency, which in this 
case is the associated sound i-f carrier, 
L1 induces a voltage in L7 which causes 

an appreciable current to flow in the trap 
circuit. This current in turn causes a 
voltage to appear across L 2 and this 
voltage is used to feed the sound i-f am-
plifiers. The energy absorbed by the trap 
is applied to the sound i-f amplifier, as 
the voltage between ground and the tap 
on the coil. 

PO sound i-f 

Fig. 32-13 

Another type of trap circuit that is 
used to take off the associated sound 
signal is illustrated in Fig. 32-14. L1 
and C1 form a series resonant circuit in 

shunt with the load resistor R With 
L• L 1 

and C1 tuned to the freque ncy of the 
sound signal, the series resonant circuit 
provides a low impedance path that short-
circuits the load resistor for the sound 

signal. Maximum current flows in the L1 

C circuit at resonance but the voltage 
across C1 is opposite to the voltage 

across LI, the two cancelling out from 

sound signal 
to first sound 
i-f stage 

Fig. 32-14 

I signal to 

next stage 

point A to ground. Therefore no output is 
produced across RL for this frequency 
and the sound signalis rejected from the 

output. However, the voltage across l 
is maximum at the resonant frequency. 
Since this is the frequency of the sound 
signal, while it is rejected in the output 
across R the sound signal is available 
as the voltage across LI. Part of this 

voltage is taken between the tap on L1 
and the ground side, and applied to the 
grid of the first sound i-f amplifier stage. 
L1 is made adjustable so that the series 
resonant circuit can be tuned to the sound 
signal, providing maximum rejection in 
the output across RL and maximum signal 
voltage across L1 for the sound amplifier. 

Cathode Trap. — An alternative type 
of absorption trap circuit is shown in 
Fig.32-15. Here the trap consists of the 
coil L1 and the tuned circuit made up of 
the coil L2 and the condenser C2' This 
is called a cathode trap because it ap-
pears in the cathode circuit of the tube. 
The trap works on the principle of de-
generation. Briefly, degeneration in the 
cathode circuit results when there is any 
appreciable impedance to the signal fre-
quency present in the cathode circuit. In 

Lesson 26 degeneration was discussed in 
connection with the cathode resistor and 
the cathode bypass condenser. The result 
of degeneration is to reduce the effective 
signal voltage appearing between the grid 
and cathode of the tube, because the 
varying cathode voltage has the opposite. 
polarity of the applied signal voltage. 
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Fig. 32-15 

This in turn results in reduced output 

from the tube. 

In the circuit of Fig.32-15,the coil L 2 

and the condenser C2 act like a large 
resistor in series with the coil L1 at the 
resonant frequency of the tuned trap cir-
cuit. Note that this effective resistance 
is in series with both the primary coil L1 
and the condenser CI in this series 
resonant circuit, whereas in the plate-
coupled absorption trap the effective 
resistance was in series with the primary 
coil but the primary tuning capacitance 
was in shunt to form a parallel resonant 
circuit. Therefore in the case of the 
cathode trap the impedance of the entire 
primary circuit increases at the trap fre-
quency. In the case of the plate coupled 
absorption trap the impedance of the 
parallel resonant circuit in the primary 
decreases at the trap frequency. 

Degeneration results at the frequency 
of the trap circuit and the output of the 
stage is materially- reduced. At frequencies 
somewhat removed from the resonant 
frequency of L 2 and C2 the trap has no 
appreciable effect. 

I -F DECOUPLI NG CIRCUITS 

32-5. l-f Circuit Decoupling. — In Fig. 
32-16 the resistor R1 and the condenser 

C1 form a decoupling filter. The same is 

true of R2 and C2' The purpose of these 
decoupling filters is to prevent signal 
from feeding back from the plate circuit 
of V3to the plate circuit of Vi. The feed-
back could produce regeneration or oscil-

v V 3 

Fig. 32-16 

lation. Regeneration is the condition that 
exists when some of the output signal of 
an amplifier is fed back to the amplifier 
input in such a manner that a further am-
plified version of the signal appears at 
the output. An amplifier in which re-
generation occurs is unstable and the 
picture produced may be smeared. For 
regeneration to occur an input signal 
must be applied to the i-f amplifier. If a 
sufficiently large amount of the output 
signal is fed back to the amplifier input in 
the proper manner or if the gain of the 
amplifier is sufficiently great the result 
is oscillation. In the case of oscillation 
a signal appears at the output of the i-f 
amplifier even in the absence of an input 
signal. This may completely prevent the 
passage of the desired pix signal through 
the i-f amplifier or it may result in a badly 
smeared and distorted picture. 

Amplifier Without Plate Decoupling. — 
Fig.32-17shows how the signal might be 
fed back from the plate circuit of V3 to 
the plate circuit of V1 if the decoupling 
filters were not present. Note that the 
output of V3 is taken between V3 plate 
and ground. This output is developed 

VI V2 V3 

feedback voltage 

Fig. 32-17 
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across the plate load impedance of V3. 
If the condenser C is a perfect short 
circuit to the signal frequency no signal 
voltage appears across C. However, if 
the condenser is not a perfect short, as 
is the actual case, a voltage divider 
action occurs. The voltage divider is 
formed by the coil L and the condenser C. 
The portion of the output voltage that 
appears across C also appears in the 
plate circuit of VI. Therefore, this output 
voltage is fed to V2 and through the am-
plifier a second time. A portion of this 
reamplified signal will again be fed back 
to the VI plate, causing either regenera-
tion or oscillation. 

Operation of Plate Decoupling Filter. — 
Fig. 32-18 is a rearranged version of 
Fig. 32-16, to illustrate the effect of the 
decoupling filters on the signal fed back. 
The decoupling filters serve to divide 
down the feed-back voltage. As a result, 
the voltage actually in the V1 plate circuit 
is greatly reduced. Part of the output 
voltage of V3 is developed across C 2. If 
C 2 is of the correct value the voltage 
developed across it is only a small portion 
of the V3 output. The voltage across C 2 

is fed toa voltage divider composed of R2 
and C 3 R2 and C3 are picked so that most 
of the voltage applied to this divider Is 
developed across R., and very little ap-
pears across Cy The voltage appearing 
across C3 is red to a second divider 
composed of R1 and C 1. Here again most 
of the voltage drops across R1 and very 

VI V2 V3 

Fig. 32-18 

little across C1. The voltage appearing 
across C1 is a very small fraction of the 
original voltage appearing across C 2. 

Therefore, the decoupling filters can 
reduce the feedback voltage to a negligible 
amount. 

Effect of p late Decoupling Resistor on 
D-C Voltage. — Referring again to Fig. 
32-16 nore that the direct current in a 
plate circuit with a decoupling filter 
must flow through the decoupling resistor. 
This causes a voltage drop across the de-
coupling resistor and a reduction in the 
voltage available at the plate of the tube. 
The value used for the decoupling resistor 
cannot be made so large that the d-c volt-
age lost across it becomes excessive. 
Otherwise the value of the decoupling 
resistor is not critical. 

Some receivers use cascaded decoupling 
as illustrated in Fig.32-19. Here RI—C1 
form a decoupling filter of the type just 
explained. R 2—C 2 and R3—C3 do likewise. 
However, in this arrangement the lower 
end of the individual decoupling resistor 
R1' R2' and R3, are not returned to a 
common point. Instead further isolation 
of the individual stages is provided by 
the addition of R4—C4 and R 5—0 5. Note 

that the direct current for both VI and V2 
must flow through Rs to get to B plus. R 5 

is generally a low value resistor to prevent 
an excessive voltage drop due to the 
combined current of the two tubes. This 
arrangement can be extended to include 
four or more tubes. 

Effect of Plate Decoupling Filter on 
A-C Signal. — The presence of the de-
coupling condenser at the ground side of 
the plate load effectively shorts this point 
to ground for the signal frequency. There-

V I 

c, 

V 2 V 3 

G2 
17, 

-r 

c. ; 

Fig. 32-19 
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fore, the point where the decoupling con-
denser connects into the plate circuit is 
the low potential side of the plate load 
for an a-c signal. The plate load impedance 
is between the plate of the tube and the 
plate decoupling condenser. This con-
denser provides a low impedance path for 
the a-c signal current to flow to ground, 
thereby confining the signal current of a 
given tube to the circuits directly associ-
ated with that tube . The signal current re-
turn path is definitely established by the 
condenser, making it unnecessary for the 
current to flow through the power supply 
leads back to the power supply and then 
to ground. 

Grid Circuit Decoupling. — Fig.32-20 
illustrates grid circuit decoupling. Here 
the decoupling filters are R1 C1, R2 C2, 
and R3 C3. Grid decoupling is incruded 
tor exactly the same reason as plate cir-
cuit decoupling. Remember that the damp-
ing resistor R in the grid circuit is part 
of the a-c plate load for the previous tube 
and therefore some of the a-c signal cur-
rent flows through R. If the low end of the 
damping resistor returns to a source of 
negative bias voltage and if this source 
of bias voltage is used to feed several 
tubes the same possibility for feeding 
the signal back exists as did in the plate 
circ uit. 

Here a d-c voltage drop in the decoup-
ling resistor is not a problem, however, 
since no direct current flows in the grid 
circuit. Therefore, larger values of de-
coupling resistors are found in the grid 
circuit than in the plate circuit. 

Filament Circuit Decoupling. — Since 
the possibility for signal feedback exists 
whenever elements of the different am-

plifier tubes must be supplied from the 
sanie power source, decoupling is included 
in the filament circuit as well as in the 
plate and grid circuits. Fig. 32-21 illus-
trates one type of filament decoupling. L1 
and C1 make up the filter for V1 while 
L2 and C 2 make up the filter for V2. C l 

and C 2 provide a low impedance path to 
ground for any signal current that might 
be flowing in the filament circuit due to 
cathode-to-heater capacitance. L1 and 
L2 are high r-f impedances to prevent the 
signal from flowing along the filament 
line from one tube to another. However, 
the impedance of the filament chokes is 
negligibly small for the 60-cycle a-c 
power, so that the filaments are in parallel 
for the applied filament voltage. 

VI V2 

Fig. 32-21 

6.3v 

Inductances must be used in the fila-
ment circuit rather than resistances be-
cause the current in the filament circuit 
is high. If resistances were used the 
voltage drop, even in a relatively small 
resistor, would be appreciable and the 
voltage available to supply the tube fila-
ments would be below normal. Although 
the filament chokes have a high impedance 
for the a-c signal, the voltage drop due to 
60cps filament current is practically zero. 

I - F GA I N CONTROL 

32-6. If the signal available at the out-
put of the detector block of Fig.32-1 is 
too large or too small the quality of the 
picture suffers. Too much signal causes 
overload; with too little signal there is 
a weak picture. Since the input signal 
to the receiver may range from a few 
microvolts up to an appreciable fraction 
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of a volt some means must be provided 
to adjust the receiver gain in order to 
keep the signal within the required limits. 
The large variation in the size of the input 
signal is a result of the variety of re-
ceiving locations, variations in trans-
mitter power, receiving antenna, etc. 

Manual 1-F Amplifier Gain Control. — 
Fig.32-22 shows a means for controlling 
the i-f amplifier gain manually. R1 is the 
gain control potentiometer. By varying 
the position of the arm of R1 the bias 
voltage applied to the i-f tube is changed. 
As the bias is made more negative the 
gain of the amplifier decreases. 

nboolove 
boos 
control 

Automatic Gain Control. — In most re-
ceivers the bias on the i-f amplifiers is 
not varied manually to control the gain of 
the receiver. Instead, circuits are used 
which automatically vary the bias on the 
i-f amplifiers so that the output of the 
detector remains at approximately a con-
stant level for a wide range of input signal 
levels.Circuits of this type are automatic 
gain control circuits, usually called AGC. 
The AGC circuit varies the i-f amplifier 
gain in accordance with the strength of 
the incoming signal so that the output of 
the detector remains substantially con-
stant. In effect, AGC circuits measure 

the detector output. If this output is found 
below normal the AGC circuit automatically 
shifts the bias of the i-f amplifier tubes 
to increase the i-f amplifier gain. If the 
detector output is measured and found 
above normal, the AGC circuit shifts the 
bias in the negative direction thereby 
reducing the gain. In a receiver containing 
AGC a manual contrast control is incorpo-
rated in the video amplifier to vary the 
picture contrast. The details of typical 
AGC circuits will be discussed in a later 
lesson. 

Detuning Effect of Gain Control. — 
When the bias on the i-f amplifier tubes 
is varied by the gain control the input 
capacitance of the tube varies. This varia-
tion of input capacitance with gain is 
called the Miller effect. As was previously 
mentioned, the capacity used to tune the 
single tuned amplifier load is made up of 
the stray wiring capacities and the shunt 
capacities of the tubes. Therefore the 
input capacity of an i-f amplifier tube is 
part of the tuning capacity of the load for 
the previous stage. If the input capacity 
varies, the frequency to which the previous 
stage is tuned will vary. This is unde-
sirable because each stage must be tuned 
to a definite frequency to achieve the 
desired overall response curve. If some-
thing were not done to counteract the 
Miller effect, therefore, the overall re-
sponse curve would change its shape as 
the gain control is moved from one setting 
to another. 

Unbypassed Cathode Resistor.— In the 
beginning of this lesson it was stated 
that sometimes the condenser across the 
cathode resistor is intentionally omitted 
even though this results in degeneration. 
However, the unbypassed cathode resistor 
counteracts the Miller effect. If the proper 
value of cathode resistor is left unbypassed 
in the cathode circuit of an i-f amplifier 
tube the input capacity will remain rela-
tively constant even though the bias is 
varied by the setting of the gain control. 
The relatively uniform input capacity re-
sults because the degenerative feedback 
counteracts the Miller effect. However, the 
unbypassed resistor causes a reduction 
in the gain of the stage. 

Overload. — Fig.32-23 shows the type 
of picture that results when the signal 
overloads the i-f stages or the video 
amplifier stages. Depending on the point 
in the i-f system at which the overload 
first occurs the result maybe as shown 
in the illustration or there may be a buzz 
in the audio, or both. In the r-f amplifier 
the result may be cross-modulation of one 
TV station with another resulting in two 
pictures from different stations present 
on the kinescope at the same time. 

Fig. 32-24 indicates the various points 
at which overload may occur. Note that 
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Fig. 32-23 

r-f 
section mixer 

over-load 
causes 

sync buzz 

over-load 
causes 

cross-modulation 

1st 
i-f 

this has occurred, the desired signal 
passes through the remainder of the re-
ceiver, carrying along with it the picture 
information of the undesired signal The 
result is picture information from both 
the desired and the undesired station 
appearing on the kinescope at the same 
time. Usually the desired information 
produces the more apparent picture while 
the undesired signal produces a vertical 
bar due to its horizontal blanking pulses. 
This bar tends to drift horizontally back 
and forth across the screen, like a wind-
shield wiper. The reason for the transfer 
of modulation from one carrier to another 
is that large signals at the r-f amplifier 
grid cause non-linear operation of the 
tube, producing detector action. 

2 nc/ 
i-f 

sound take-off 

Fig. 32-24 

for cross-modulation to take place the 
overload occurs in the r-f amplifier. For 
sync buzz in the audio, the overload 
would generally be before the sound take-
off point. For the picture to compress 
toward black the overload usually occurs 
in the higher level i-f stages or in the 
video amplifier stages. The compression 
of the picture toward black is accompanied 
by faulty sync. More than one indication 
of overload may occur at the same time. 

Cross-Modulation. - Cross modulation 
results when a strong undesired r-f signal 
arrives at the r-f amplifier grid along 
with the desired r-f signal. The undesired 
signal might be on an adjacent channel. 
The selectivity of the r-f amplifier input 
circuits may not be sufficiently great to 
eliminate the undesired signal. As a result 
of the presence of these two signals at 
the r-f amplifier grid, the modulation of 
the undesired signalcan be transferred to 
the carrier of the desired signal. Once 

3 rd 4 th 
1-f 

\ / ync clipping 
and 

pix compression 

detector 

Sync Buzz. - If the incoming signal 
is large enough to interfere with the 
proper operation of the i-f amplifier tubes 
common to both the sound and picture 
signals, the result is a buzz in the audio 
output. This buzz is due to the fact that 
cross-modulation of sound and picture 
signals can occur. The sound carrier 
becomes modulated with the picture infor-
mation but since the most pronounced 
picture frequency in the audio range is 
the vertical blanking repetition rate of 60 
cps this frequency is the one that is 
heard. 

Picture Compression and Faulty Sync. - 
Fig.32-25 illustrates how the sync pulses 
and the picture information in the video 
signal can be compressed becàuse of 
overload in a stage amplifying the signal. 
With too much signal in the input, the 
amplifier may limit and clip the extreme 
amplitude levels. As a result, the sync 
pulses will be compressed or removed 
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blanking pulse 

— white level— — — — 

sync is compressed 
block becomes blacker than black 
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time— 
overloaded video signal 

Comparison of normal and overloaded signal 

Fig. 32-25 

from the video signal output of the over-
loaded amplifier stage. When the signal 
output for the black level is limited and 
lower amplitude levels corresponding to 
gray and white are amplified more than 
normally, the effect of overloading brings 
the lower amplitude levels closer to the 
black level, compressing the picture 
information. Black stays black, but gray 
can become black, and white can become 
dark gray, making the reproduced picture 
look like the photo in Fig.32-23. Since 
the sync pulses are either compressed 
or removed from the output of the over-
loaded amplifier, the picture is not syn-
chronized. 

RECEIVER SENSITIVITY AND PICTURE 

CONTROL. 
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When strong signals are received the 
signal-to-noise ratio is naturally good 
but means have to be provided to prevent 
overloading one or more of the amplifiers 
in the picture channel (r-f, i-f and video 
stages). This is done by reducing the 
receiver sensitivity for strong signals. 
Since the r-f stage is the first amplifier 
in the picture channel it is desirable to 
reduce its gain more than i-f gain is re-
duced to prevent overloading. When 
receiving strong signals, therefore, the 
gain of the r-f stage should be as small 
as possible. Because of the strong signal, 
the snow is no problem. 

R-f and 1-f Bias.— The r-f gain should 
be as large as possible for weak signals 
and should be reduced more than the i-f 

signal strength 
weak strong 

fixed voltage 

-t-

variable 
voltage 

weak 

(c) 

Signal strength 

gain for strong signals. Does this mean 
that the bias applied to the r-f stage has 
to be more negative than the bias applied 
to the i-f stages for strong signals, while 
for weak signals the negative r-f bias 
has to be less than the i-f bias? The 
answer depends upon what tubes are used 
in the r-f and i-f stages. A particular 
value of bias voltage produces a different 
amount of gain in one type of tube than 
it does in another. In many receivers the 
value of r-f bias compared to i-f bias 
does have to be reversed for weak and 
strong signals. In other receivers the r-f 
and i-f bias values do not reverse but 
merely change by different amounts for 
various strengths of input signals. These 
bias changes occur as a result of AGC 
action or adjustment of the manual picture 
control. 

(b) 

strong 

Fig. 32-26 

fixed voltage 

weak 

seal strength 
weak strong 

signal strength 

(d) 

strong 
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R-1 Bias Clamp. — Now, let us con-
sider the circuit which accomplishes the 
proper division of r-f and i-f bias voltage 
for weak and strong signals. In the first 
place the source of this bias voltage may 
be either an AGC circuit or a manual 
picture control. It makes no difference 
which. The circuit we are considering 
only has to divide the available voltage 
properly between the r-f and i-f stages. 

The simplest divider circuit would be 
that of Fig. 32-26a, which is an ordinary 
voltage divider with a variable negative 
input voltage. The graph shown with the 
circuit illustrates how the r-f and i-f 
bias would vary with signal strength. 
When the input yoltage is zero, both the 
r-f and i-f bias voltages are zero. As the 
input voltage increases (for stronger 
signals) the r-f bias becomes more nega-

tive than the i-f bias. This is as it should 
be except that the r-f bias should remain 
zero as the i-f bias increases for weak 
signals. 

Look at the circuit of Fig. 32-26b. 
Here a fixed positive voltage (from the 
low voltage power supply) is applied in 
addition to the variable negative voltage. 
When the variable voltage is at some low 
negative value it cancels the positive 
voltage across RI, so that the output for 
the i-f is zero while the output for the 
r-f is positive. The r-f bias reaches zero 
at point P on the graph which represents 
a certain signal strength. Up until point 
P the i-f bias has been going more nega-
tive while the r-f bias was positive. Now, 
look at Fig. 32-26c. This is the same 
circuit as b, except that the bias clamp 
diode has been added on the r-f bias 
line. The bias clamp prevents the r-f 
bias from ever becoming more positive 
than zero. When the plate goes positive 
the diode conducts, shorting the r-f bias 
line to ground which is always at zero 
volts. Therefore the r-f bias rem ains 
zero where it formerly was positive, up 
until point P. While the r-f bias is zero, 
the i-f bias becomes more negative. 

The graph at c shows the r-f and i-f 
bias reversing at a strong signal input 
level. This is accomplished by choosing 
suitable values of resistance (a large 

R4) so that Om the variable negative 
input voltage is large it cancels the posi-
tive voltage at point A. The crossover 
occurs when the voltage at point A (com-
bination positive and negative voltage) 
is equal to the voltage at point B ( both. 
voltages with respect to ground). 

The resistor values are sometimes 
chosen to produce the graph of Fig. 
32-26-d where no crossover occurs. The 
type of circuit used depends upon what 
r-f and i-f tubes are in the receiver. 

44 MEGACYCLE I-F 

32-8. The intermediate frequency of 
the receiver is important because this 
affects many characteristics of the fixed-
tuned i-f amplifier, and determines the 
frequency of the local oscillator, since 
the oscillator frequency must differ from 
the carrier frequency of the r-f signal by 
an amount equal to the intermediate fre-
quency. Originally, TV receivers used 
12.75 mc and 8.25 mc for the picture and 
sound i-f, respectively, but most receivers 
have used the later values of approxi-
mately 25.75 mc and 21.25 mc. The RTMA 
standard has now been raised to 45.75 
mc and 41.25 mc for the picture and sound 
i-f carrier frequencies because of the 
advantages of these higher intermediate 
frequencies. We can call this a 44 mc 
i-f, which is the center of the band of 
frequencies passed in the i-f amplifier of 
a recei ver using these intermediate 
frequencies. 

Advantages of the 44 mc i-f, compared 
to an i-f amplifier centered around 24 mc 
are: 

1. Less interference due to radiation 
from the oscillator of one TV receiver 
falling in the range of the r-f tuned cir-
cuits of another TV receiver tuned to a 
higher channel. 

2. Less image frequency interference. 

3. Less interference from diathermy 
equipment and industrial electronic equip-
ment, which use frequencies in the 24 mc 
i-f range but not in the 44 mc i-f range. 
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4. The higher i-f is more suitable for 
a receiver for the proposed UHF tele-
vision channels because of the wider 
separation in frequency between the local 
oscillator and the r-f tuned circuits. 

Stability of the i-f amplifier is more 
of a problem with the higher i-f. Lead 
dress, placement and size of the com-
ponents and tube capacitances have a 
greater effect on the operation of the 44 
mc i-f amplifier. However, these factors 
can be taken into account and most 
receivers today are being made with the 

44 mc i-f amplifier. 

Table A lists the local oscillator 
frequencies for a receiver using the 44 
mc i-f, where the oscillator operates above 
the r-f signal frequencies on all channels. 

Note that the oscillator frequency is 
not in any TV channel. Also, any fre-
quency in the FM broadcast band of 88-
108 mc cannot be an image frequency. 

Table A Local Oscillator Frequencies 

for 45.75 mc and 41.25 mc 1-f. 

TV Channel Osc.Frequency 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

101 mc 

107 mc 

113 mc 

123 mc 

129 mc 

221 mc 

227 mc 

233 mc 

239 mc 

245 mc 

251 mc 

257 mc 

PICTURE SECOND DETECTOR 

32-9. In the block diagram of Fig. 32-1 
the block following the i-f amplifiers is 
the picture second detector. This stage 
has the function of removing the video 
information from the i-f carrier, to pro-
vide the video signal for the video am-
plifiers. The picture second detector is 
essentially a rectifier. A diode tube may 
be used as the second detector or a ger-

32-19 

manium diode may be used. Fig. 32-27 
shows a picture of a germanium diode. It 
has the same properties as a diode tube 
in that it permits current to flow readily 
in one direction but offers great opposi-
tion to current flowing in the opposite 
direction. 

Fig. 32-27 

Rectification in the Second Detector. — 
Fig. 32-28 illustrates a simplified circuit 
of the picture second detector. R, L and 
C in parallel are the load of the last i-f 

lost i-f 

Fig. 32-28 

diode load 
resistor 

amplifier. Cc is the coupling condenser. 
The output voltage of this last i-f stage 
is applied to the diode in series with the 
diode load resistor. When the output sig-
nal of the last i-f amplifier makes the 



TELEVISION SERVICING COURSE, LESSON 32 
32-20 

diode plate positive with respect to the 
diode cathode, the diode passes current. 
The amount of current that flows depends 
on how positive the plate of the diode is 
driven. 

i-f signal 

detector 

Fig. 32-29 

rectified output 

Fig. 32-29 illustrates the diode action. 
On the positive cycle of the i-f carrier 
wave the diode passes a pulse of current. 
The size of the current pulse depends on 
the amplitude of the i-f carrier cycle; the 
amplitude of the i-f carrier cycle varies 
with the picture information being trans-
mitted. Therefore the amount of the diode 
current varies as the picture information 
varies. Note that when the diode plate 
voltage is negative no current flows. 
However, when the diode plate swings 
positive a pulse of current is passed by 
the diode. The amplitudes of the current 
pulses conform to the original picture 
information. When this current flows 
through a resistor, such as the diode 
load resistor, the rectified diode current 
produces a voltage of identical wave-
shape. 

Filtering Action of the Diode Load 
Circuit. — Note that the diode current is 
in the form of a pulsating d- c. Therefore, 
the voltage across the diode load resistor 
is of the same form. The picture informa-
tion is not contained in the individual 
r-f cycles of the i-f carrier, but corre-
sponds to the slower variations in the 
position of the pulse peaks. The un-
desired i-f carrier cycles are filtered out 
by the circuit shown in Fig. 32-30. The 
coils L 1 and L2, along with the stray and 
tube capacities, form a filter circuit. This 
filter bypasses variations of the i-f car-
rier. The voltage delivered to the first 
video amplifier tube has the waveform 
shown at point A in Fig. 32-30. The de-
tector output, therefore, is the desired 

detector 

Fig. 32-30 

video amplifier 

video signal voltage. The detector filter 
removes the i-f carrier signal and in-
creases the video output voltage. 

Detector Polarity. — Note that in Fig. 
32-30 the blanking and sync pulses are 
more positive than the whiter picture in-
formation. If the detector is reversed, 
with the output of the last i-f amplifier 
fed to the diode cathode and the load re-
sistor in the diode plate circuit as shown 
in Fig. 32-31, the output voltage would 
be reversed in polarity as shown at point 
A in Fig. 32-31. 

detector 

I 

time 
--a-

F ig• 32-31 

video amplifier 

diode load 



Stagger Tuned 1-F Amplifier Section 
32-21 

The polarity of the diode in a par-
ticular receiver depends on the number of 
stages of video amplification following 
the detector and also upon whether the 
video signal is fed to the kinescope grid 
or to the kinescope cathode. If the video 
signal is to be fed to the kinescope grid 
this signal must arrive at the grid with 
the sync and blanking pulses extending 
in the negative voltage direction. Since 
each video amplifier stage inverts the 
signal, an odd number of video stages 
would require a detector output as in 
Fig. 32-30 to provide negative going sync 
at the kinescope grid. An even number of 
video stages would require the detector 
output of Fig. 32-31. 

On the other hand, if the video signal 
is fed to the kinescope cathode, the sig-
nal must arrive at the cathode with sync 
and blanking in the positive voltage di-
rection. Therefore, if an odd number of 
stages follow the detector, the detector 
polarity must be as in Fig. 32-31; if an 
even number of video amplifier stages 
are used, the detector must be connected 
as in Fig. 32-30. 

STAGGER- TUNED I-F AMPLIFIER SECTION 

32-10. The i-f amplifier of the 630TS re-
ceiver is shown schematically in Fig. 
32-32. This amplifier is of the stagger-
tuned type. There are four i-f amplifier 
tubes but five plate loads make up the 
stagger-tuned arrangement because the 
converter plate circuit must be tuned to 
the intermediate frequency. 
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Converter Plate Load. — The load in 
the converter plate circuit is made up of 
an L, C, and R in parallel. The induct-
ance is the primary side of the converter 
plate transformer T2. The resistance is 
R115. The capacitance is not shown 
since no physical condenser is used. The 
stray wiring capacity and the tube capac-
ities make up C. C18 is the coupling con-
denser that blocks the d-c but permits 
the signal to pass to the grid of the first 
i-f amplifier tube. 

Sound Takeoff Trap. — The secondary 
side of the converter transformer is an 
associated sound trap. It is tuned to the 
sound i-f which in this case is 21.25 mc. 
Note that one side of the trap inductance 
is grounded and that a tap is taken off 
this inductance and connected to the 
grid of the first sound i-f amplifier. The 
coil is slug-tuned and resonates with 
C16 at 21.25 mc. 

1st l-f Amplifier. — The plate load of 
this stage is made up of the primary side 
of T103 in parallel with R120. Again the 
tuning capacity is the stray and tube 
capacities. C116 is the coupling con-
denser. R120 is the damping resistor and 
its value is critical since it determines 
the bandwidth and gain of the stage. The 
secondary side of T103 is the adjacent 
sound trap. It is tuned to 27.25 mc. This 
trap is of the absorption type. 
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2nd l-f Amplifier. — Here the primary 
side of T104 is the inductive branch of 
the plate load while the damping resistor 
is R125. Note that R125 is a much smal-
ler value than the two previous damping 
resistors, R120 and R115.T his indicates 

that this stage has a broader response or 
greater bandwidth than either of the two 
previous stages. C123 is the coupling 
condenser. The secondary side of T104 
is the adjacent picture trap. It is tuned 
to 19.75 mc. Note that the tuning fre-
quency for the plate load is indicated in 
each stage. The converter load is tuned 
to 21.8 mc., the 1st i-f load is tuned to 
25.3 mc, and this stage is tuned to 22.3 
mc. 

3rd l-f Amplifier. — Here the damping 
resistor and the inductance have been re-
versed. This stage contains no trap. 
L183 is the inductive branch of the load, 
R127 is the damping resistor, and C128 
is the coupling condenser. This stage, 
like all of the previous stages, is tuned 
with stray and tube capacities.lt is tuned 
to a frequency of 25.2 mc. 

4th l-f Amplifier. — This is the last 
i-f stage. It feeds the second detector. 
The position of the damping resistor and 
the inductance are the same as in the 
3rd i-f stage. L185 is the inductance and 
R134 is the damping resistor. C134 is 
the coupling condenser. This stage is 
tuned to 23.4 mc. 

Cathode Trap. — The 4th i-f stage 
contains a cathode trap tuned to the as-
sociated sound i-f. C132 tunes the sec-
ondary side of T105 to 21.25 mc. This 
reflects a large resistance in series with 
the tube's cathode circuit producing de-
generation at the trap frequency. C131 is 
made series resonant with the primary 
side of T105 at the frequency to which 
this stage is tuned- 23.4 mc. This elimi-
nates degeneration in the region of 23.4 
mc. 

Plate Circuit Decoup ling. — Each plate 
circuit has its own individual decoupling 
'filter and in addition there are filter ele-
ments in series with the common B supply 
line. Starting from the converter plate 

circuit and progressing toward the sec-
ond detector the individual plate de-
coupling filters are: converter- R14, C9; 
1st I- f — R118, C114; 2nd I-f — R123; 
C120; 3rd. I-f — R128, C127; 4th I-f — 
R135, C135, Additional decoupling is 
provided in the plate circuit by R130, 
R124, R119, R114, C133, C129, C121, 
and C115. These elements are in series 
with the B supply line. 

Grid Decoupling. — The 1st, 2nd, and 
3rd i-f amplifier grids are returned to a 
common bias point. Therefore, these 
grids are decoupled by R117, R122, C112, 
C118, and C122. 

-I8V 
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R189 
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Fig. 32-33 

to r-f grids 

Gain Control Circuit. — Fig. 32-33 
shows the 630TS gain control circuit re-
drawn. R129, 131, and 132 form a voltage 
divider between - 18 volts and ground. 
R131 is a potentiometer. The voltage at 
the potentiometer arm depends on its 
position and varies from - 1 volts at the 
ground end of the potentiometer to about 
-14 volts at the high end. The voltage on 
the potentiometer arm is not applied di-
rectly as bias to the i-f amplifier tubes. 
This voltage is reduced by the voltage 
divider R189, R190. This always makes 
the i-f bias less than the voltage between 
the potentiometer arm and ground. The 
voltage at the potentiometer arm is used 
to bias the r-f amplifiers. The circuit 
keeps the gain of the r-f amplifiers high 
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until the i-f gain has been reduced to a 
certain point. When this point is reached 
the bias on the r-f amplifiers is made to 
increase rapidly and overtake the bias 
on the i-f amplifiers. For small input sig-
nals with the receiver running at high 
gain, the i-f bias is larger than the r-f 
bias. However, with large input signals 
and the receiver running at lower gain, 
the r-f bias exceeds the i-f bias. This 
results in the best signal-to-noise ratio 
and therefore a high quality picture. 

Picture Detector. — One half of a 
6AL5 double diode is used as the picture 
second detector. The diode load resistor 
is R137. The remaining components, 
L187, L188, R136, and C137, form a 
filter network to eliminate the high fre-
quency rectified carrier pulses from the 
detector output and at the same time pre-
serve the high frequency components of 
the picture signal. Also, C137 increases 
the video voltage output slightly. C138 
allows the video signal to pass to the 
grid of the first video amplifier but blocks 
the d-c component of the detector output. 
Note that in this stage, as in all the pre-
vious i-f stages, filament circuit de-
coupling is used. This decoupling con-
sists of a bypass condenser from the un-
grounded side of the filament to ground 
and an r-f choke in series with the un-
grounded filament lead. 

DOUBLE- TUNED AND STAGGER- TUNED I-F 

SECTION 

32-11. — The i-f amplifier shown in 
Fig. 32-34 consists of one overcoupled 
double-tuned stage followed by four sin-
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gle-tuned circuits that are staggered to 
provide the desired overall response. 
There are four i-f amplifier tubes but 
with the converter output, five i-f plate 
load circuits are used. 

Converter Plate Load. — This con-
sists of the transformer Ti link coupled 
to the 1st picture i-f transformer T101. 
The link coupling reduces the amount of 
oscillator voltage radiation caused by 
direct coupling to the main chassis. The 
combination of Ti and 1101 results in a 
response identical to what would be ob-
tained by the use of a double tuned, over-
coupled transformer without any link. An 
absorption trap is included in T101. This 
trap is tuned to the adjacent picture car-
rier frequency of 19.75 mc. R6 across the 
primary of Ti, and R101 across the sec-
ondary of T101, are the damping resistors 
for the double-tuned transformer. These 
resistors have a marked effect on the 
shape of the response of this stage. 

1st 1-F Amplifier Stage. — The plate 
load of this stage is the single tuned cir-
cuit formed by the primary side of T102 
and the stray and tube capacity. This 
tuned circuit is damped by R104. C106 
is the coupling condenser. The secondary 
of 1102 tunes to the adjacent sound at 
27.25 mc. The plate load of this stage is 
tuned to 25.8 mc. 

2nd Picture 1-1 Amplifier Stage. — The 
primary side of T103 with the stray and 
tube capacities tune to 21.9 mc. R110 is 
the damping resistor. C111 is the cou-
pling condenser and its value is con-
siderably less than in the preceding 
stages. Note that a choke, L119, is used 
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to shunt the damping resistor. This choke 
along with the reduced value of coupling 
condenser assures a short time constant 
in the grid circuit of the 3rd i-f amplifier. 
If a large noise pulse were to come in on 
the signal and drive the grid of the 3rd 
i-f stage positive, C111 could charge 
very rapidly through the grid-cathode con-
duction of the 3rd stage. When the noise 
pulse passed, the condenser would now 
start to discharge through the external 
grid return resistor. Until C111 dis-
charged, the bias on the grid of the 3rd 
stage,due to the charge on C111,could be 
great enough to interfere with normal 
operation of this stage. To avoid this 
difficulty, the size of C111 is small and 
the damping resistor is shunted with the 
choke. This permits a very rapid dis-
charge of C111. 

Sound Takeoff Trap. — The secondary 
side of T103 is the sound takeoff trap. 
C112 is used to tune the secondary to the 
sound i-f carrier frequency of 21.25 mc. 
The grid of the 1st i-f amplifier is tapped 
into the secondary coil. This trap is of 
the absorption type. 

3rd l-f Amplifier Stage. — Here the in-
ductance and the damping resistor are 
interchanged in position. The primary 
side of T104 tunes with the tube and 
stray capacity to a frequency to 24.6 mc, 
The damping resistor is R112 and C115 is 
the coupling condenser. The secondary 
side of T104 is an adjacent sound trap of 
the absorption type similar to the trap 
in the plate of the 1st picture i-f am-
plifier. This trap circuit is resonant at 
27.25 mc. 

4th l-f Amplifier Stage. — This stage, 
like the three previous stages is single-
tuned. Here the inductance between the 
terminals C and D of T106 tunes with the 
tube and stray capacity plus C124. This 
circuit is resonant at a frequency of 22.4 
mc. The damping resistor is R117 in the 
plate lead of the amplifier tube. C121 is 
the coupling condenser. The inductance 
between terminals A and B of T104 is 
tuned with C123 to a frequency of 19.75 
mc. This circuit is an adjacent picture 
trap similar to that found in the grid cir-
cuit of the 1st picture i-f amplifier. 

Cathode Trap. — The secondary side 
of T105 in the cathode lead of the 4th 
picture i-f amplifier forms a cathode trap 
tuned to the associated sound i-f of 21.25 
mc. The action is the same as that of the 
cathode trap in the 630TS i-f circuits pre-
viously described. 

Plate Circuit Decoupling. — The in-
dividual stage decoupling filters are as 
follows: Converter—R5,C7;lst i-f—R103, 
C104; 2nd i-f R108, C109; 3rd i-f — 
R113, C114; 4th i-f — R118, C112. 

Grid Circuit Decoupling. — The grids 
of the 2nd picture i-f amplifier tube and 
the 4th picture i-f amplifier tube are re-
turned directly to ground. Since these 
grids do not go back to a point that is 
common to another stage, no decoupling 
is necessary. However the grid of the 
1st i-f amplifier tube is decoupled from 
the grid of the 3rd i-f amplifier tube. The 
decoupling network in the 1st stage con-
sists of R107 and C101. C113 in the grid 
of the 3rd stage acts as the signal return 
path for this grid circuit. The grids of 
the 1st and 3rd stages are returned .to the 
Automatic Gain Control voltage which 
appears at the plate of V107A. This AGC 
voltage supplies the necessary bias volt-
age to these stages. 

P icture Second Detector Circuit. — The 
output of the 4th i-f amplifier is fed into 
the picture second detector. The detector 
polarity here is as illustrated in Fig. 
32-31. The signal is fed to the diode 
cathode and the load is R120 in the diode 
plate circuit. This arrangement results 
in a detector output such that sync and 
blanking are in the negative voltage di-
rection. Since two stages of video am-
plification follow the detector, the phase 
of the signal is inverted twice, arriving 
at the kinescope grid in the same phase 
as it appears at the detector output. As 
the signal is fed to the grid of the kine-
scope it is necessary for the darker parts 
of the video signal to make the kinescope 
grid more negative and this condition is 
fulfilled. C126, L103, L102, R213, and the 
grid resistor of the video amplifier are all 
part of the detector filter network. R120 and 

C125 isolate the detector circuit from the 
-125 volt power supply point. 
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32-12. — This i-f amplifier is of the 
intercarrier type and therefore amplifies 
both the sound and the picture signals. 
The intermediate frequency used in the 
amplifier is considerably higher than in 
the previously discussed circuits. Here 
the picture i-f carrier is 45.75 mc. and 
the sound i-f carrier is 41.25 mc. Bifilar 
coils are used in the plate circuit of the 
2nd, 3rd, and 4th i-f stages, eliminating 
the need for coupling condensers and 
therefore eliminating noise difficulties of 
the type associated with long time con-
stants in the grid circuit. The 6AL5 
vacuum tube diode used previously as the 
picture detector has been replaced here 
by a germanium type diode detector. 

Converter Plate Circuit. — The trans-
former Ti is link coupled to T104 pro-
ducing the effect of a double- tuned cir-
cuit. R3 and R124 are the damping re-
sistors. An absorption trap is included in 
T104, tuned to the adjacent picture i-f 
carrier of 39.75 mc. 

1st 1-f Amplifier. — T105 and T106 
comprise a bandpass filter producing a 
response characteristic similar to that 
required of the overall i-f amplifier. Fig. 
32-36a shows the gain — frequency curve 
of the first stage by itself, and b shows 
the overall i-f response. C131 in series 
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with the coil between terminals C and E 
of T105 form a resonant circuit tuned to 
the associated sound frequency of 41.25 
mc. Therefore terminals C and D of T105 
are practically short circuited for this 
frequency. This reduces the amount of 
sound signal passed by this stage as can 
be observed on the response curves in 
Fig. 32-36. It is necessary to keep the 
amount of sound signal passed through 
the i-f amplifier of an intercarrier type 
receiver to a low value in order to avoid 
" sync buzz" or "intercarrier buzz". 
T106 contains a similar series resonant 
circuit composed of C133 and the coil 
between the terminals B and C. This cir-
cuit is tuned to the adjacent channel 
sound i-f carrier of 47.25 mc. Therefore, 
terminals A and C of T106 are effectively 
short circuited for the adjacent channel 
sound. This can be verified by reference 
to the curves in Fig. 32-36. 

The coils shown in the horizontal 
position in both T105 and 1106 are tuned 
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Fig. 32-36 
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to produce the desired flat response.C130 
is a coupling condenser. R135 and R137 
are similar in function to the damping re-
sistors used in the converter plate cir-
cuit. 

2nd 1-f Amplifier Stage. — The 2nd, 
3rd, and 4th i-f amplifier stages are com-
bined in a stagger-tuned system. T107 in 
the plate of the 2nd i-f amplifier is a bi-
filar coil. Such a coil may be thought of 
as a transformer with almost unity cou-
pling. In action, a bifilar coil is much the 
same as a coil with one winding of the 
type used in the previous receivers. No 
coupling condenser is required since the 
signal is transferred by the transformer 
action of the bifilar coil while the d-c 
voltage is blocked. T107 is tuned to 41.8 
mc. R141 is the damping resistor. 

3rd I-f Amplifier Stage. — This stage 
is almost identical to the second stage. 
It is tuned to 45.5 mc. Here the damping 
resistor is R 149. 

4th I-f Amplifier Stage. — This stage 
feeds the picture detector through T109. 
T109 is tuned to a frequency of 43.7 mc. 
R154 and C145 are for the purpose of 
making the tuning and damping of the 
circuit less dependent on the exact char-
acteristics of the germanium diode. 

Second Detector. — The detector is 
CR101, a germanium diode. The diode 
load resistor is R157. The filter network 
is more complex than previously because 
of the need to remove the sound signal 
from the picture channel at this point. 
The filter is composed of L102, L103, 
and L113. T110 is the sound takeoff 
transformer, which has a series-tuned 
trap in shunt with the load to resonate at 
the associated sound frequency. 

Screen Resistors and Condensers. — 
Each stage contains a screen dropping 
resistor and bypass condenser as follows: 
1st i-f — C127, C129, R132; 2nd i-f — 
C135A, R139; 3rd i-f — C141A, R147; 4th 
i-f — C144, R153. 

Plate Decoupling. — The components 
used for plate decoupling in the individual 

stages are as follows: 1st i-f — C132; 
2nd i-f — C135B, R140; 3rd i-f — C141B, 
R148; 4th i-f — C146, R155, and C214. 

Grid Decoupling Circuits. — The grids 
of the 3rd and 4th i-f stages return di-
rectly to ground and therefore require no 
decoupling. However the grids of the 1st 
and 2nd i-f stages return to the AGC volt-
age and are decoupled as follows: 1st i-f 
— R125, C122, C135; 2nd i-f — returns 
direct to AGC line. 

PART H- TROUBLESHOOTING THE PICTURE 
I-F AND DETECTOR STAGES 

TROUBLES AND TESTS IN THE I-F A MPLI Fl ER 

32-13. — Troubleshooting the picture 
i-f amplifiers follows the basic procedure 
for troubleshooting amplifiers as outlined 
in Lesson 26. This procedure is: ( 1) Lo-
calizing to a section, ( 2) Finding the de-
fective component. Therefore, the first 
thing to do is localize the trouble to the 
picture i-f section, if this section is 
causing the trouble. We assume that the 
raster is normal, but something is wrong 
with the picture. Generally speaking, one 
of the following may be wrong with the 
picture: 

(1) No picture at all, Fig. 32-37a (raster only) 

(2) Weak picture — no snow, Fig. 32-37h 

(3) Smeary picture, Fig. 32-37c 

(4) Flashes in the picture 

(5) Overloaded picture, Fig. 32-37d. 

(6) Sound bars in the picture, Fig. 32-37e. 

(a) No picture - Raster only 
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(b) Weak picture - No snow 
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(c) Smeary picture 

(d) Overloaded picture 

(e) Sound Bars in picture 

Flit• 32-37 

NOTE: In many sets, a defect in the pic-
ture i-f section not only affects the pic-
ture but may also affect the sound. 

Some of the troubles mentioned might 
be caused by a defect in either the r- f, 
picture i-f, or video amplifier section. To 
localize the trouble to one of these sec-
tions, certain tests are available. These 
are: 

1. Snow 

2. Picture second detector voltage 

3. Sound 

4. Jumping the video amplifier 

5. Signal injection in the video section 

The presence or absence of snow is a 
test to determine if the trouble is in the 
r-f section. The presence or absence of 
picture second detector voltage is a test 
of the i-f amplifier itself which determines 
if the signal has been passed by this 
section. The presence or absence of 
sound is a test which shows if the signal 
has reached the sound takeoff point. 
Jumping the video amplifier and signal 
injection in the video amplifier, are tests 
which determine if the trouble is in the 
video amplifier section. 

Of course, any tests which eliminate 
the video amplifier section, and r-f sec-
tion as the cause of one of the troubles 
previously listed leaves only the picture 
i-f section as the part of the receiver in 
which the defect may be localized. Those 
tests which apply specifically to the pic-
ture i-f section are explained in detail in 
this lesson as the occasion arises. Other 
tests mentioned may be more applicable 
to troubleshooting other sections of the 
receiver and will receive a fuller treat-
ment in other lessons. For example the 
test involving signal injection will be 
covered in detail in the lesson on video 
amplifiers. 

LOCALIZING TO THE PICTURE I -F SECTION. 

32-14. As we said before, some of the 
troubles mentioned might be caused by 
either the picture i-f amplifier section or 
the video amplifier section. In this case 
it is necessary to localize the trouble to 
see if it is actually within the picture i-f 
section. Some of these troubles may also 
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occur due to defects in the antenna or r-f 
sections. For example, a condition of 
"no picture" might be caused by a defect 
in the antenna, r- f, picture i-f, or video 
amplifier section. An important clue to 
assist in localization is to look for snow 
in the raster. If you have no picture but 
lots of snow, the trouble probably pre-
cedes the converter. This is because 
snow is generated in the converter. 

No Picture. — If you have no picture, 
but at the same time do not have an ex-
cessive amount of snow, the trouble gen-
erally follows the converter. Now, as-
suming that we have determined the trou-
ble to follow the converter, it could either 
be in the picture i-f section or video am-
plifier section. To localize to either of 
these two sections, measure the d-c volt-
age at the output of the second detector. 
Some small reading is normally present 
due to the rectification of noise. To make 
sure you are reading signal d-c voltage, 
vary the fine tuning control or the channel 
switch to see if the reading changes. If 
it does, it's a pretty safe bet you are 
reading rectified signal voltage. In the 
event that you do get a signal d-c volt-
age reading and it compares favorably 
with that of a normal receiver, the trouble 
is in the video amplifier section ( des-
cribed in the next lesson). If you don't 
get the reading, the trouble is in the pic-
ture i-f section. This principle is illus-
trated in Fig. 32-38. 

A similar localizing process may be fol-
lowed when the picture is weak rather 
than completely absent. 

Weak Picture — No Snow. — If a weak 
picture is present without snow, but the 
raster is normal, the trouble probably 

on 'en i:a 

sec t.on 
r-f 

section 

picture 

section 

follows the converter stage. The absence 
of snow in the raster tells us this be-
cause the amount of snow in the picture 
signal is determined at the converter. 
Since this trouble follows the converter, 
it could be either in the picture i-f am-
plifier section or in the video amplifier 
section. 

One way of isolating this trouble to 
either section is by measuring the pic-
ture second detector d-c output voltage 
as previously described. This presup-
poses a knowledge of the normal reading 
for the particular type set involved as 
well as the location and channel. How-
ever, if the d-c output voltage is appre-
ciably less than "normal", the trouble 
lies with the picture i-f section. It is 
difficult to say what a "normal" d-c out-
put voltage would be, but a typical read-
ing ranges from about 3 to 5 volts. The 
best way to determine the "normal" de-
tector output voltage is to measure it in 
several good sets of the same type. 

Sound Takeoff. — In many receivers 
the sound is tapped off following the first 
or second picture i-f amplifier. In such a 
receiver, if we have normal sound but no 
picture, the trouble must follow the sound 
takeoff point. This localizes the trouble 
to the picture i-f stages following the 
sound takeoff as in Fig. 32-39. 

In receivers where the sound is tapped 
off as shown in Fig. 32-39, a condition 
of no sound and no picture (without snow) 
could be the fault of the first or second 
picture i-f amplifiers. If this is caused by 
tube troulee, you can interchange the 
first and second i-f tubes with the third 
and fourth. If sound returns but there is 
still no picture, one of the tubes now in 
the third or fourth positions is bad. Let's 
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take an example of this. Suppose the 
first picture i-f tube is bad, and we swap 
this with the third picture i-f tube, on the 
other side of the sound takeoff. We now 
have a good tube in the first picture i-f 
stage and will get normal sound. How-
ever, the bad tube is now in the third 
picture i-f stage and will not amplify 
picture information. Thus, in a case like 
this, the bad tube is quickly identified. 

In some receivers, the sound is tapped 
off immediately following the converter. 
In a set of this type, the localization, 
when we have sound but no picture, is 
somewhat less restricted as indicated in 
Fig. 32-40. 

Because we hear normal sound in this 
set, it is obvious that the signal is reach-
ing at least to the sound takeoff point. 
Since we cannot measure picture d-c volt-
age at the output of the picture second 
detector, the trouble is localized to some 
point between the sound takeoff and the 
output of the picture second detector. 

In intercarrier sets, the sound is tap-
ped off following the picture second de-
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32-29 

to video 

amplifier 

tect-or. In these sets, if we have sound, 
but no picture the trouble is likely to be 
in the video amplifier or kinescope cir-
cuits, rather than in the picture i-f cir-
cuits. 

Picture Second Detector Voltage. — 
One of the tests used to isolate troubles 
to the picture i-f section is to measure 
the picture second detector voltage. The 
voltage referred to here is the d-c recti-
fied voltage appearing at the output of 
the detector. This is due to rectification 
of noise and signal voltages applied to 
the input of the detector. 

It might be wondered at this time how 
we can measure a voltage with a d-c 
meter at the output of the detector, when 
we have a fluctuating output voltage. The 
reason for this is that although the volt-
age is fluctuating, it is not alternating; 
that is it always has only one polarity. It 
is pulsating d- c. In the case shown in 
Fig. 32-41 the polarity is always negative. 
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fluctuations of negative voltage, with the 
result that the meter reads some steady 
negative voltage. This is only possible 
at the rectifier output. As shown in Fig. 
32-41, if the signal passes through a 
coupling condenser, the signal becomes 
a- c. The average of an a-c wave is zero 
so we cannot measure the signal with a 
d-c meter after it passes through the cou-
pling condenser. 

lost picture 
i-f amplifier 

input to 
detector, noise 
and signal 

8-"-

video 
amplifier 

A simplified diagram of a picture sec-
ond detector is shown in Fig. 32-42. 

Note that in a rectifier there are no 
d-c applied operating voltages. Therefore, 
the presence of d-c in the output circuit 
is due solely to the rectification of input 
signals ( including noise). It is this factor 
which makes measuring the detector volt-
age such a good test. The actual magni-

picture 
2nd detector 

Fig. 32-42 

measure 
rectified DC 
voltage here 

to grid of 
video amplifier 
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tude of the measured voltage may tell you 
whether or not you are getting correct 
amplification through the picture i-f sec-
tion. 

If you get a d-c output voltage which 
is "normal" for the particular set, the 
signal must be going through the picture 
i-f amplifier properly. In this case the 
trouble is in the video amplifier section. 
If the second detector voltage is low, in 
the case of a weak picture without snow, 
the trouble is someplace in the picture 
i-f section. If you get no detector voltage 
at all, but you do get sound, the trouble 
is between the sound takeoff and the pic-
ture second detector. Thus, correct in-
terpretation of the picture second de-
tector voltage, with or without tests, 
helps to isolate troubles. 

In some receivers the output of the 
second detector may be returned to B 
minus instead of ground as shown here: 

last picture 
i-f amplifier 

picture 

2nd detector 

8+ -120 v 

-I20v 

Fig. 32-43 

to video 
amplifier 

measure across 

the load 
resistorret 
to ground 

In these sets the second detector volt-
age should not be measured to ground, 
but directly across the detector load re-
sistor. This is shown in the figure. The 
reason for this becomes obvious when we 
examine the two scales which would be 
used in a typical voltmeter. These are 
the 250 volt and the 10 volt scales. If we 
did measure the detector output voltage to 
ground, the 250 volt scale would have to 
be used. In this case a residual voltage 
of 120 volts would always appear on the 
meter. Assuming the rectified signal volt-
age to have a value of 3 volts, you can 
appreciate that it might be very difficult 
to read a difference of only 3 volts on the 
250 volt scale. This is shown here: 

Simpson Scoles 

0-250 volt scale 

ISO 

volt deflection 

0-10 volt scale 

\3 volt deflection 

Fig. 32-44 

On the other hand if you read the output 
voltage only across the detector load re-
sistor, the ten volt scale may be used. 
Note that 3 volts takes almost 1/3 of the 
scale and so is easily read on this scale. 

Clicking the Tubes. — It is necessary 
to locate the defective stage in the pic-
ture i-f amplifier section. Because of the 
high frequencies involved signal injection 
is only possible with the use of a suit-
able signal generator. Since the service-
man making a house call does not carry 
such equipment with him, other methods 
must be used. Of course, the first thing 
to do is to make certain all the tubes are 
good in the i-f section. This is most con-
veniently done by substitution. Assuming 
the tubes to be O.K. it is sometimes pos-
sible to perform further localization by 
the tube "clicking" method described in 
previous lessons. Briefly, this works as 
follows: Starting at the picture second 
detector, plug the tube in and out several 
times and look for a distinct flashing on 
the screen of the kinescope. If you get it, 
the stage you are working with is proba-
bly O.K. Move back one stage towards the 
antenna and repeat. Continue until you 
reach a stage where "clicking" the tube 
does not produce a strong flashing effect. 
If you reach such a condition, the tube 
which does not produce the flashing is 
probably the defective stage. This stage 
can then be checked with a meter for 
voltages and resistances. 
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32-15. — It is possible that a smeared 
picture could be the result of a defect in 
either the picture i-f section or the video 
amplifier section. In general, smear is 
caused by some defect which changes the 
frequency response of either of the above 
mentioned sections. Since either section 
can cause smear, it is necessary to be 
able to localize the cause of smear to 
one of these sections. Localization of 
smear may be accomplished as follows: 
Take a wire jumper in series with a con-
denser (.05 microfarad or so) and connect 
the output of the picture detector directly 
to the signal element ( grid or cathode as 
the case may be) of the kinescope tube. 
In so doing it is necessary to disable the 
video amplifier, usually by taking out the 
video tube or tubes. In the case of direct-
coupled video amplifiers in some re-
ceivers certain precautions must be ob-
served when pulling out the video am-
plifier tubes. For instance, in receivers 
of the 8T241 type, when you pull out the 
video amplifier tube, the AGC bias may 
increase to such an extent as to cut off 
the i-f amplifier. If this happens, both 
picture and sound will be lost. To remedy 
this, it is only necessary to readjust the 
AGC threshold control until normal sound 
returns at which point the picture will 
also come through to the detector. These 
precautions are only required in those 
receivers in which the AGC voltage is 
tapped off one of the d-c video amplifiers. 

After we have disabled the video am-
plifier ( and reset the AGC control if re-
quired), we examine the picture on the 
kinescope. If no smear appears in the 
picture, the video amplifier is at fault 
and the picture i-f section is O.K. On 
the other hand if we now get a smeared 
picture, the trouble is in the picture i-f 
section 

Still another method may sometimes 
be effective in localizing the cause of 
smear. This is to vary the fine tuning 
control and observe the effect on the 
smear. If the smear does not change, the 
cause is not in the picture i-f amplifier. 
On the other hand, if varying the fine 

tuning control also changes the smear, 
it's a pretty good bet that the trouble is 
in the picture i-f section. 

0 VERLOADED PIC TURE 

32-16. — Keep in mind the fact that every 
amplifier tube has a certain operating 
range within which an undistorted out-
put may be obtained for a certain input 
signal. If this "normal" operating range 
is exceeded, the output will no longer be 
a faithful reproduction of the input, but 
will be distorted. For our purposes, we 
may consider that the type of distortion 
which occurs is a compression of the 
signal (described earlier). This com-
pression effect is commonly known as 
overloading and its effect on the picture 
can be seen in Fig. 32-23. Overloading 
appears when the signal exceeds the op-
erating range of the amplifier tube. This 
operating range may be exceeded in either 
of two general ways: 

1. By applying a signal of excessive 
amplitude to an amplifier. 

2. By some factor which actually re-
duces the operating range of the 
amplifier. 

In the first instance, the signal of ex-
cessive amplitude may be caused by one 
of two things: ( a) Excessive antenna sig-
nal input to the receiver, or (b) excessive 
amplification in one or more previous 
stages developing too high a signal out-
put and therefore supplying too large an 
input to the amplifier being overloaded. 
In the case of excessive antenna signal, 
no defect of the receiver is indicated. 
There is just too much antenna signal 
for the receiver to handle. A condition 
such as this is generally found only 
fairly close to the transmitting antenna, 
where the signal strength is very high. 
The remedy here is to reduce the amount 
of signal reaching the receiver. This may 
be done by placing an attenuator pad in 
the transmission line before it enters the 
receiver. To localize the trouble to the 
antenna or receiver in such a case an at-
tenuator pad could be tried to see if the 
trouble is alleviated in this manner. An-



Overloaded Picture 

other method is to switch to a weak chan-
nel and see if this also overloads. If it 
does, the trouble is probably in the set. 
If the overloading exists only on one or 
two channels, some frequency selective 
attenuator could be used, such as a stub 
near the receiver terminals. Various sizes 
and positions would have to be tried to 
get the desired results. If the overload-
ing exists only on the low channels and 
not on the high channels another method 
may be tried. This consists of placing a 
paper condenser about . 05 microfarad 
or so, across the receiver antenna termi-
nals. Several sizes may be tried for opti-
mum effect. 

How Picture 1-f Defects Cause Over-
load. — In the case of excessive ampli-
fication causing overloading of a follow-
ing stage, the excessive amplification 
generally results from a decrease in bias 
applied to one or more stages. This may 
result from a defect in the AGC system 
reducing the bias on several tubes. Or it 
may result from a decreased bias on only 
one i-f stage. In the case of only one 
stage having reduced bias, one way this 
could happen is by means of a leaky cou-
pling condenser having just the right 
amount of leakage. How this works may 
be understood with the aid of this dia-
gram. 

Part a of Fig. 32-45 shows the con-
ditions as they might exist in a sim-
plified i-f amplifier when the coupling 
condenser is good and has no leakage. 
Note that no drop appears across the grid 
resistor and that the normal bias is minus 
5 volts. Now compare this with part b of 
the figure. Here we have an amplifier with 
a leaky coupling condenser. The amount 
of leakage in this particular condenser is 
such that a 5volt drop appears across the 
grid resistor. The grid voltage is now 5 
minus 5 or zero volts. Thus, the bias has 
been removed from the amplifier tube. Be-
cause of this, its gain will increase and 
overloading may take place in one of the 
following i-f or video amplifier stages. 
Of course, this type of trouble may be de-
tected by voltage measurem ents. The 
trouble will show up in the bias voltage 
of the defective stage and, again, in the 
plate voltage of that stage which will be 

(b) 

i-f amplifier 

8+ 
+150v 

(al 

i-f amplifier 

8+ 
+150v 

160v 
drop 

78v drop 

Ov bias 
1d-c resistance of I here 
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i-f amplifier 
8+ 

5v 
drop 

Fig. 32-45 

II 

low, due to excessive plate current, 
caused in turn by the reduced bias. Not 
all leaky coupling condensers react in 
just the exact way we have described. 
However, this sort of trouble does occur 
in actual practice and is a definite pos-
sibility. 

In the previous case, we have a con-
dition where overloading was caused by 
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a defect in only one i-f amplifier. A de-
fect in the AGC system, however, may 
affect several stages in the receiver 
simultaneously. This is shown in a typi-
caLblock diagram in Fig. 32-46. 

If the AGC system operates improperly, 
insufficient bias may appear on all three 
of the stages shown. This increases the 
gain on all three stages and may cause 
overloading on same or all channels, de-
pending upon signal strength. Localiza-
tion may be accomplished in this case by 
measuring the AGC voltage and comparing 
it with the "normal" reading for that par-
ticular type of set. Another way to local-
ize the trouble is to disable the AGC by 
injecting manually controlled bias by 
means of a "bias" box described later 
on. 

Weak Picture Overload. — In sets 
having AGC, it is possible to have a 
weak overloaded picture ( without snow). 
The best way to see how this can occur 
is to take a specific example. Suppose 
that in a set with four picture i-f stages, 
the fourth stage is defective. It is defec-
tive in such a way that the signal pass-
ing through it is actually reduced con-

from 

antemo 

these stages operate at 
high gain due to 
low AGO voltage 

r -f 

ampli fier 
mixer 

lot picture 
i-f 

amplifier 

AGO voltage 

to detector 

siderably, instead of being amplified. 
However, all the other stages are op-
erating normally. This situation is il-
lustrated in Fig. 32-47. 

Because the signal is attenuated in 
passing through the fourth i-f stage, the 
negative bias voltage produced by AGC 
action is low even though we may have 
normal antenna signal. In this instance, 
the AGC bias is applied to the r-f am-
plifier, and the first and third picture i-f 
amplifiers. Thus, all three of these stages 
are operating at high gain and overload-
ing may take place in a stage preceding 
the defective stage. The picture on the 
screen is weak because one stage of am-
plification is lacking. At the same time 
the picture is overloaded because com-
pression is taking place in a stage be-
fore the dead stage. In localizing this 
trouble we use the same procedure as 
when troubleshooting any weak picture 
without snow. What we have to look for 
here is one stage which is attenuating 
the signal. 

Flashing Picture. — We are referring 
here to the type of flashing which is simi-
lar to that caused by a broken transmis-
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sion line. This type of flashing may be 
caused in the picture i-f section by a 
coupling condenser which is intermittent-
ly leaky, as shown here: 

intermittently leaky 
coupling condenser 
may cause flashing 
in picture 

picture 
amplifier 

it 

8+ 

Fig. 32-48 

picture 
amplifier 

As this condenser momentarily shorts , a 
positive voltage appears at the grid of 
the coupled stage. This intermittent, posi-
tive grid voltage combines with the pic-
ture signal and causes the flashing ef-
fect in the pictures. One method of local-
izing this trouble is to observe if the 
effect of the flashing also appears in 
the sound. If it does, the fault precedes 
the sound takeoff point. If not, the fault 
is after the sound takeoff point. Further 
localization is made by measuring the 
grid voltage of each picture i-f stage. 

The grid to which the defective con-
denser is connected will show an inter-
mittent positive going voltage which will 
intermittently reduce the negative bias 
voltage on the grid. The grid voltage may 
actually go positive. Sometimes the de-
fective condenser will act in such a way 
that it has a fixed minimum value of leak-
age resistance which fluctuates to pro-
duce flashing. In this case a fixed posi-
tive voltage will be applied to the grid 
which changes the grid bias by a fixed 
amount. In addition to the fixed bias 
change the positive going "flashing" 
voltage will appear on the grid. All that 
is necessary to cause flashing is a fluc-

32-35 

tuating voltage in the order of a few 
volts peak amplitude. 

Because the flashing voltage is small 
in amplitude it is desirable to use a low 
meter scale to detect it. For example, on 
a 10 volt scale 5 volts of flashing would 
cause a large deflection of the pointer. 
Incidentally, we should use a d-c meter 
to detect the flashing rather than an a-c 
meter. The flashing is a pulsating d-c 
voltage. If an a-c meter is used, and it 
has no blocking condenser, its internal 
rectifier might not conduct, depending 
upon how it is connected. Also, the a-c 
meter could show an erroneous indica-
tion by registering stray a-c voltages 
which might be present as a result of 
stray coupling. 

Sometimes, we are prevented from 
using a low voltage scale on the d-c 
meter because a large steady d-c volt-
age is present where we want to measure 
the low amplitude flashing. This could 
happen as a result of the steady leakage 
of a condenser, or when it is desired to 
check the flashing on the plate side of 
the coupling condenser where B+ is 
present. In the case ot the last picture 
i-f, the output side of the coupling con& 
denser is connected to the input of the 
detector and may be returned to B minus 
voltage. To make it possible to use a low 
scale in these instances, a condenser 
maybe connected in series with the meter, 
as shown in Fig. 32-49. 

The condenser (. 05 microfarad or so) 
blocks the steady d-c voltage and only 
allows the "flashing" voltage to affect 
the meter. This permits the use of the 
lowest possible meter scale to make it 
easier to detect the "flashing" voltage. 

The positive leakage voltage and the 
"flashing" voltage may appear at other 
grids on the bias distribution line. How 
this may happen is illustrated in simpli-
fied form in Fig. 32-50. 

The leaky condenser applies a posi-
tive voltage to the grid of V2. However, 
because of the bias distribution resis-
tors, the other tubes also receive a posi-
tive grid voltage. When measuring these 
grid voltages, some confusion might arise 
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as to exactly where the defective con-
densor appears. Fortunately, this is not 
difficult to determine. The leaky con-
densor causes current to flow, starting 
from B plus, going through the leaky con-
densor, grid circuit, decoupling circuits 
and eventually to ground. This current 
causes voltage drops in the various cir-
cuits such that the grid connected to the 
defective condensor shows the highest 
positive voltage. This is how you tell 
which condenser is bad. The other grids 
will show lower positive voltages. So, all 
you have to do is measure the various 
grids tied to the bias distribution line and 
see which one has the highest positive 
voltage. That one has the defective con-
denser in its grid. 

Bias Box. — Any defect in the picture 
i-f amplifiers that affect the amplitude of 
the signal will change the AGC voltage 
and thus the gain of the amplifiers. Under 
these conditions it is desirable to tell 
whether the fault actually lies with the 
AGC system or with the stages controlled 
by AGC. It is possible to substitute a 
manually controlled source of bias in 
place of the AGC bias. To do this it is 
usually not necessary to actually disable 
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the AGC system as the manually inserted 
bias will override the AGC. Many service-
men build a simple piece of equipment 
called a "bias box" for the purpose of 
inserting manual bias. This consists of 
one or more small batteries, a potentio-
meter and switch and a couple of leads 
with alligator clips at the end. These are 
mounted in a wood or metal container. A 
schematic of a bias box looks like this: 

Switch 
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this lead goes 
to AGC line 

ollig For 
clips 

this lead goes 
to chassis 

Fig. 32-51 

For most sets 7.5 volts will be ample. 
This may be obtained from a single 7.5 
volt battery or five 1.5 volt cells con-
nected in series, whichever is most con-
venient. In addition to the battery we find 
a potentiometer. This is not critical and 
may have a value of 50,000 — 200,000 
ohms ( any value of resistance that will 
not draw so much current that the battery 
will be used up quickly). The purpose of 
the potentiometer is to tap off the desired 
bias voltage for the particular set. A 
switch is included to turn off the battery 
when the bias box is not in use. This 

from 

mixer 

r-f WMIV 
amplifier 

1st picture 
i—f 

amp &or 
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bias box is connected as follows: The 
plus lead connects to the chassis. Con-
nect the negative lead ( center arm) to the 
AGC bias line which is common to the i-f 
controlled stages as shown here in sim-
plified form in Fig. 32-52. 

After connections are completed, ad-
just the potentiometer to get the desired 
negative bias voltage. This is usually the 
voltage recommended for alignment and 
may be found in the service notes. This 
manually controlled bias overrides the 
AGC and permits you to align or trouble-
shoot without the effect of AGC. 

LOCALIZING SHORTS IN DECOUPL I N6 C I R 
I TS 

32-17. Another type of trouble which 
can be localized using voltage measure-
ments, is a short circuit in a decoupling 
network. There are two general ways in 
which decoupling networks are connected. 
These are the series method and parallel 
method shown in Fig. 32-53. 

Short in Series Decoupling Circuits. — 
We will discuss the procedure for local-
izing a short in each of these networks, 
starting with the series type. Suppose 
that C2 is leaky. Let's see how we local-
ize the trouble to this condenser. This 
condition is illustrated in Fig. 32-54. 
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Part a of the figure shows the voltage 
distribution as it might appear in a nor-
mally operating set. Note that in our ex-
ample, a 10 volt drop appears across each 
resistor due to normal tube currents. Part 
b of the figure shows what happens if C2 
becomes leaky. The d-c leakage resist-
ance of C2 allows additional current to 
flow through R1 and R2 so that reduced 
voltages appear on all three resistors as 
shown. Any one of the three bypass con-
densers might be suspected and the idea 
is to isolate the correct one without dis-
connecting it from the circuit. There are 
two ways to do this. One is to examine 
all three resistors. In this case R1 and R2 
will probably overheat. You can feel this 
or possibly observe a burned appearance 
of the two resistors. However, in this 
case, R3 will have the normal voltage 
drop ( 10 volts) across its terminals, but 
both RI and R2 will have an excessive 
drop ( 100 volts). The defective condenser 
is connected to the junction of the re-
sistor with the normal voltage drop and 
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Fig. 32-54 

the adjoining one with the excessive 
voltage drop. 

In the event that C1 is the defective 
condenser, the localizing procedure is the 
same as before. In this case, R1 is the 
resistor which will overheat or have the 
excess voltage drop across it. The other 
two resistors will function normally. If 
C3 should become defective, this is local-
ized by the fact that all three resistors 
will overheat and have excessive drops 
across them. 

Short In Parallel Decoupling Circuits. — 
Localizing shorts in parallel decoupling 
circuits is somewhat easier than in the 
series type. In parallel circuits each RC 
combination is independent of the others. 
Therefore, a short in one branch will not 
affect the other branches, but is quickly 
localized to the individual branch at 
fault. This is shown with the aid of the 
diagrams in Fig. 32-55. 
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Part a of the figure shows in simplified 
form normal operation of a three- branch 
parallel decoupling circuit. The only cur-
rents flowing are due to tube operation. 
The output voltage in each leg is 290 
volts. In part b of the figure we find that 
condenser C, is defective. Because of 
this short, add'itionalcurrent flows through 
R2' overheating it and also causing an 
excessive voltage drop across it. The 
output voltage of this defective branch 
is now only 100 volts. However, note 
that the voltages of the other two branch-
es are not affected. This makes it rela-
tively simple to localize the trouble toC 2' 

TROUBLES NOT AFFECTING D-C 
VOLTAGE 

32-18.— Certain troubles may occur 
in the picture i-f section which do not 
cause any changes in the normal d-c 
operating voltages of the various am-
plifier stages. Some of these troubles are 
caused by open decoupling filter con-
densers and we shall discuss these first. 

We will find that in the case of an 
open plate decoupling condenser in a 
picture i-f amplifier, the effect is fre-
quently a reduction of gain. This ap-
pears on the kinescope as a somewhat 
weaker picture without snow. If the loss 
of gain is severe enough, overloading 
may occur due to the action of the AGC 
system, as previously described. The 
exact effect on the picture depends upon 
which i-f stage the defective condenser 
appears in. This is especially true in 
stagger-tuned picture i-f stages. For ex-
ample, if the loss of gain was in a stage 
tuned to the low frequency end of the 
picture i-f response, the picture would be 
weaker than normal and have low fre-
quency smear. In addition, the horizontal 
sync and blanking action might be poor. 
If the loss of gain was in a stage tuned 
to the high frequency end of the picture 
i-f response the effect would be different. 
On a test pattern we would note the ef-
fect on the vertical wedges. The lines 
would not "run" all the way into the 
center. The picture might be somewhat 
weaker than usual and might be smeared. 

In order to see how an opendecoupling 
condenser may affect the operation of an 
amplifier, we will start by observing the 
effect on a simple RC coupled amplifier 
as shown here. 
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When the decoupling condenser (CF) is 
good it acts as a grolnd for signal. This 
effectively grounds the lower end of RL, 
so that 1.1 1, is the only plate load resist-
ance in the circuit. Now, consider the 
case when C is open. This no longer 
grounds the bottom of RL and RF is now 
added to RL. This increases the plate 
load resistance and therefore the gain. 
Whether or not the increase of gain will 
be appreciable depends upon the original 
values of RL and RF and whether the am-
plifier tube is a triode or pentode. For 
example with a triode amplifier, used in 
the audio section, doubling the plate 
load resistance may only increase the 
gain by 10 per cent. This might not even 
be noticeable. However, in this case, a 
more serious trouble may develop. This 
is feedback through the common imped-
ance of the power supply. 

Tuned Plate Load. — The effect on 
gain may be much more serious, if the 
plate load is a tuned circuit. An example 
is shown in Fig. 32-57. 

Refer first to part a of the figure. Here 
we see that the plate load is a resonant 
circuit. This consists of the coil Lp 
which is tuned mostly by the output ca-
pacitance of the amplifier tube. This 
resonant circuit ordinarily has a high Q, 
which gives it a high impedance to de-
velop the required gain. It should be 
noted that the reactance of CF is so low 
that it effectively grounds the bottom of 
the coil (Le ). 

Now refer to part b of the figure to see 
what hap pens when CF opens. If this con-
denser opens, the bottom of the coil is 
no longer grounded. Because of this, the 
tube's output capacity is not directly 
across the plate coil. The resistor RF is 
now placed in series with Lp, with Cp K 
across the series combination. The bot-
tom of RF is " grounded" by Cb , a power 
supply filter condenser. The effect of 
placing RF in series with the plate coil, 
is to lower the Q and thus the impedance, 
of the plate load. This in turn reduces the 
gain of the stage. Thus, we see that when 
the plate load is a resonant coil, an open 
decoupling condenser can cause a loss 

this tube capacity 
tunes the coil 

CF 

this grounds the 
bottom of the coil 

new ground due 

to open CF 

8+ 

Open 

(al 

8+ 

(b) 

Fig. 32-57 

of gain. This type of circuit is found fre-
quently in picture i-f amplifiers. 

Ii 

11 

in power supply 

Cl, 

RF is now in series 
with the coil 
due to openCF 

Transformer- Coupled Load. — When a 
transformer coupled plate load is used, 
an open decoupling condenser may also 
cause a loss of gain in an amplifier. This 
condition is illustrated in Fig. 32-58. 

Normally, the bottom of Lp is grounded 
by CF and the grid signal is induced into 

Ls by the current in L. if CF opens  up, the signal current flows through R.F. in 

series with L p. This divides the signal 
across these two impedances(Lp and RF ). 



Troubles not Affecting cl-c Voltage 

Lp Ls 

Fig. 32-58 

As a result, less signal appears across 
L to be coupled into the grid circuit, re-
P. 

sultIng in a loss of gain. In addition to 
this effect, the Q of the primary circuit 
may be reduced as explained before. This 
has the effect of further reducing the 
gain of the stage. 

Summing up the effect of an open plate 
decoupling condenser, we see that if we 
have a resistor for a plate load, we may 
actually get an increase in gain. On the 
other hand, if the plate load is a resonant 
coil or the primary of a transformer, an 
open plate decoupling condenser will 
produce a loss of gain. In speaking of 
this type of trouble as it concerns picture 
i-f amplifiers, it's a pretty safe bet to 
say that an open plate decoupling con-
denser causes a reduction of gain. Gen-
erally, the best way to determine if a 
condenser is open is to parallel it with a 
good one of the same type. If the con-
denser was open, the circuit will show 
normal operation when shunted with a 
good one. 

Open Coupling Condenser. — Another 
trouble which would not affect d-c poten-
tials is an open coupling condenser. This 
is shown in Fig. 32-59. 

At first thought it might seem that if 
a coupling condenser opens up we would 
get no picture at all. This is not neces-
sarily the case. The reason for this is 
that in every circuit some stray capacity 
coupling is present. This stray capacity 
has a much lower value than the normal 
coupling capacitor. Because of this, the 
signal will be attenuated and will appear 
weak on the kinescope. The open cou-
pling condenser may alter the frequency 

high i-f frequencies may stray 
find a partial path here—.. f capacities 

I open 
coupling I 
condenser I 
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Fig. 32-59 

response of the i-f section and cause the 
picture to be smeared. One reason for 
this is the effect of the grid resistor R8 
in dampin g the plate coil. When the cod-
pling condenser is good, its low react-
ance has the effect of placing Rg in shunt 
with L. This damps the coil and broad-
ens its bandpass. With the coupling con-
denser open, we lose the damping effect 
of R and the bandwidth of the amplifier 
changes. This effect and the change in 
gain of the amplifier due to the open con-
denser may cause smear. Also, as pre-
viously mentioned, if the open condenser 
is in the latter i-f stages, overloading 
may occur due to the effects of AGC 
action. 

Grid B locking. — An open or extremely 
high value of grid resistor can sometimes 
cause an intermittent picture to occur. 
When this happens the action is due to 
blocking. Blocking occurs when a cou-
pling condenser builds up a sufficient 
charge to bias off an amplifier tube. The 
charge then leaks off slowly and the tube 
resumes operation until the next cut-off 
bias reappears. This case is illustrated 
in Fig. 32-60. 

If R opens or increases to an extreme-
ly high value, the grid may draw current 
on positive signal excursions, provided 
that the signal amplitude is high enough 
to overcome any bias which may be pre-
sent. For this reason, if blocking occurs 
in the i-f section it is more likely to hap-
pen in the third or fourth stages where 
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grid current charges 

up Coon positive 

ir signals 

Fig. 32-60 

this resistor 

open or 

extremely high 

the signal amplitude is high. In order for 
blocking to occur, the following condi-
tions are necessary: ( 1) there must be a 
coupling condenser; ( 2) the grid resistor 
value must be high; (3) the signal ampli-
tude must be high. When we speak of sig-
nal amplitude, this also includes the ef-
fect of noise. The noise riding on top of 
the signal may increase the effective sig-
nal amplitude and thus make the con-
denser charge to a level sufficient to cut 
off the tube intermittently. During the 
times that grid current is not flowing, the 
coupling condenser discharges very slow-
ly through the excessive grid resistance 
or its own leakage resistance. 

You may be able to localize this con-
dition of blocking by putting a d-c meter 
on the grid of the suspected stage. If the 
picture becomes steady when the volt-
meter is connected at the grid, you can 
suspect a defective grid resistor or cir-
cuit. In this case, the impedance of the 
meter takes the place of the defective 
resistor and permits the condenser to 
discharge rapidly, thus restoring the 
original bias. 

REGENERAT ION IN PICTURE 
I-F STAGES 

32-/9.— Regeneration or oscillation 
(sometimes called "ringing") may occur 
in the picture i-f amplifiers. This will 

usually produce a definite indication on 
the kinescope which may appear as one 
of the following: 

1. Smudging of the vertical lines (Fig. 
32-61 a) 

2. Close, regularly spaced reflections 
(Fig. 32-61b) 

3. Horizontal streaks through the ver-
tical wedges of the test pattern 
(Fig. 32-61 e) 

(a) Smudging of the Vertical Lines 

111441//`. 

(b) Close, regularly spaced reflections 

(c) Horizontal streaks through Vertical Wedges 

F ig. 32-61 (from PICT-O-GUIDE) 
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In the case, of the horizontal streaks, 
these cut across the vertical wedge at a 
point corresponding to the side band fre-
quency at which regeneration occurs. For 
example, if the i-f amplifier is regenera-
tive at a frequency 3 mc. from the picture 
i-f carrier, the horizontal streaks will be 
seen at a section along the vertical wedge 
equivalent to 3 mc., or 240 line resolu-
tion. 

There is a difference between regen-
eration and oscillation. Regeneration oc-
curs when part of the output signal from 
an amplifier is fed back to its input in 
such a manner as to reinforce the original 
signal. Regeneration is not self-sustain-
ing in that it always requires an external 
source of signal to be present. As soon 
as you remove the external signal, the re-
generation vanishes. 

Oscillation occurs in a similar manner. 
However, there is a very important dis-
tinction. That is, oscillation does not 
require the presence of an external signal 
to sustain it. It is self-sustaining. While 
an external signal may be required to 
start oscillations in some cases, it is 
not required to keep it going. Take away 
the external signal and the circuit will 
continue to oscillate. 

Regeneration or oscillation in the pic-
ture i-f section is generally caused by 
one of the following two reasons. First 
and probably most common is the de-
tuning of a picture i-f stage so that its 
resonant frequency is now the same as 
one or two other stages. This produces 
excessive amplification at that particular 
frequency and makes the possibility of 
feedback considerably greater. One way 
to check this is to touch each of the 
coils with your finger. This detunes the 
circuit and may stop the regeneration or 
oscillation. If so, the set needs align-
ment. (This will be covered in a later 
lesson.) 

The second cause of regeneration or 
oscillation is some undesired feedback 
path. This may occur due to improper 
lead dress, incorrect positioning of parts 
or some similar way. The circuit permits 
feedback to occur in such amplitude and 
phase as to produce noticeable regenera-
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tion or even oscillation. When replacing 
parts or troubleshooting the i-f section, 
it is important to see that the original 
lead dress is maintained and that [ arts 
are replaced in their original positions. 

Blocked Picture. — If oscillation oc-
curs in sufficient strength in the picture 
i-f stages, the result on the screen may 
be a completely blank raster (no snow). 
This usually occurs only in sets which 
use a manual bias control for the picture 
i-f stages ( usually called the contrast 
control). In a condition such as this, we 
can measure a d-c output across the pic-
ture second detector which might look 
like signal. However, this d-c output will 
in all probability be considerably higher 
than you could normally expect from a 
signal and this should make you suspect 
i-f oscillations. What happens in this 
case is as follows. When the i-f bias con-
trol is turned up to increase the strength 
of the picture, this reduces the bias on 
the picture i-f amplifiers. The reduction 
of bias increases the gain of the ampli-
fiers making them more susceptible to 
oscillation. If oscillation occurs in an i-f 
amplifier, it will probably do so at high 
amplitude compared to signal. This pro-
duces a grid leak bias in one or more 
stages which is so high that the normal 
signal cannot override it and consequent-
ly never reaches the screen. The oscilla-
tion is an unmodulated carrier and when 
rectified in the second detector produces 
a d-c output. However, there is no modula-
tion and for this reason, the kinescope 
screen remains blank. In some cases, re-
ducing the setting of the manual bias 
(contrast) control will stop the oscilla-
tions permitting you to at least see some 
snow on the raster and possibly a weak 
picture. This clue indicates the presence 
of i-f oscillations. 

In receivers using AGC, this trouble 
is not so likely to occur. The reason for 
this follows. Suppose that oscillations 
did start. This would be rectified and 
increase the AGC voltage. In turn, the 
gain of the amplifiers would be reduced, 
tending to stop the oscillations. Thus, 
receivers using picture AGC automatical-
ly tend to stop the oscillations. 
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SOUND BARS IN PICTURE 

32-20. If a sound trap in the i-f sec-
tion is detuned, sound bars may appear 
in the picture on the kinescope. In addi-
tion to a detuned sound trap, there are 
other factors which may cause bars. 
Because of these various factors, it is 
necessary to be able to identify all the 
causes of sound bars in order to localize 
the trouble. 

Sound bars are caused by audio fre-
quency signal variations which reach the 
kinescope grid. They have the appearance 
of dark horizontal bars. These vary in 
width and number in accordance with 
changes in the sound modulation. A photo 
showing the appearance of sound bars 
is given here: 

Fig. 32-62 

The actual number of dark bars appear-
ing on the screen at any one instant de-
pends upon the audio modulation fre-
quency at that time. There will be one 
dark bar for each 60 cycles of the modu-
lation frequency. For example, there will 
be 10 black bars if the audio frequency 
is 600 cycles and 3 bars for a 180 cycle 
frequency. The intensity or degree of 
blackness of the bar is a function of the 
amplitude of audio signals. High ampli-
tude audio signals cause the blackest 
bars. 

In the absence of audio modulation 
the bars will disappear from the screen. 
This is a good clue for identifying them 
as they vary with the audio modulation. 

As we said, one way in which it is 
possible to get sound bars is by having 
a detuned sound trap. There are other 
things which may cause sound bars and 
these are listed below: 

1. Detuned sound trap 
2. Power supply coupling 

Radiation of sound i-f harmonics 
4. Microphonic r- f, i-f, or video am-

plifier tubes 
5. Microphonic horizontal AFC tube 

Certain of these factors are dependent 
upon the setting of the volume control and 
this helps to localize the source of trou-
ble. If the bars are caused by a detuned 
sound trap or by radiation of sound i-f 
harmonics, the setting of the volume con-
trol will not affect the bars. All the other 
causes mentioned will be affected by the 
setting of the sound volume. 

3. 

Detuned Sound Traps. — The function 
of these trap circuits is to prevent the 
sound i-f carrier from being detected and 
affecting the kinescope grid. If the sound 
i-f carrier reaches the picture second 
detector, sound bars may be produced in 
one of two ways. The sound i-f signal 
with varying amplitudes may be rectified 
in the picture second detector, be am-
plified and passed on to the kinescope 
as the original audio frequencies. This 
produces the conventional varying hori-
zontal dark bars. The second possibility 
is that the sound and picture carriers will 
beat together in the picture second de-
tector producing a 4.5 mc. beat frequency. 
(In receivers having properly operating 
4.5 mc traps, including intercarrier types, 
this trouble cannot appear.) If the 4.5 mc. 
signal gets to the kinescope, the result-
ant interference looks considerably differ-
ent from those described above. The 4.5 
mc. signal will produce about 240 vertical 
or diagonal fine dark lines in the picture. 
The sound modulation of the 4.5 mc. sig-
nal produces a "herring-bone" effect in 
the picture, which varies with the sound 
modulation. 

If the sound bars are accompanied by 
a 4.5 mc. beat, the trouble is localized 
to the i-f or video amplifier section. In 
split- sound receivers, the trouble may 
be misalignment of the sound i-f traps 
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in the picture i-f section. Or, it may be 
due to misalignment of, or a defect in, 
the 4.5 mc. trap in the video amplifier. 
In intercarrier type receivers, the trouble 
may be caused by misalignment of the 
picture i-f amplifiers or the 4.5 mc. traps 
and/or the 4.5 mc. i-f transformer. 

In the event that sound bars are pre-
sent without the 4.5 mc. beat, the trouble, 
in a split sound receiver, could be caused 
by misaligned sound traps, or by one of 
the other troubles previously mentioned. 
Methods of localizing these various other 
causes will be taken up as we come to 
them. 

Power Supply Coupling. — As you 
know, many circuits in the television 
receiver operate from the common low 
voltage power supply. Under some condi-
tions it is possible to couple signals, 
from one circuit to another through the 
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audio 
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amplifier 

8+ 
line 

picture 
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medium of the power supply impedance 
(Z b). In practically every case, such 
couplings are undesirable and it is for 
this reason that extensive use of de-
coupling filters is made in television 
sets. Among other things, power supply 
coupling may cause the appearance of 
sound bars in the picture. This happens 
only when the receiver is operated at 
high volume levels. The reason this hap-
pens can be explained with the aid of 
the simplified diagram in Fig. 32-63. 

At high audio volume levels, large 
currents, at the audio rate are drawn from 
the power supply through the power sup-
ply's internal impedance Z b. Because of 
this, audio voltages appear across Z b and 
are cc;upled to all other circuits using 
this supply. These audio voltage varia-
tions cause changes in picture signal 
gain, sync phasing, picture width and 
have other effects. The voltage varia-
tions are applied to the video amplifier, 

audio 
power 

amplifier 

video 
amplifier 

Audio variations affect these and other circuits of TV set 

Fig. 32-63 
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where they may be amplified and passed 
on to the kinescope. The net result of all 
these variations is the appearance of 
sound bars in the picture. Since this 
trouble only appears at high volume lev-
els, there is the possibility that it might 
be caused either by power supply cou-
pling or by a microphonic tube. To local-
ize between either of these possibilities 
turn down the volume control and tap the 
chassis. If the sound bars reappear while 
tapping, they are due to microphonic ac-
tion.Otherwise, they are caused by power 
supply coupling. The coupling is general-
ly caused by inadequate filtering, either 
in the decoupling circuits of the audio 
power amplifiers, or in the low voltage 
power supply. Check this by shunting a 
good electrolytic across each of the sus-
pected condensers. It is possible that all 
receivers of one model may have this dif-
ficulty. 

Radiation of Sound l-f Harmonics. — 
Another way in which sound bars may be 
produced, is for a harmonic of the sound 
i-f to be radiated and picked up in the r-f 
circuits of the receiver. This may happen 
as follows: Harmonics of the sound i-f 
are produced by the non-linear action 
of the sound detector. One of these har-
monics may fall within the r-f range of a 
particular TV broadcast channel. If this 
happens and the harmonic amplitude in 
the r-f circuits is great enough, a beat 
frequency pattern will appear in the pic-
ture. For example, assume we have a 
sound i-f of 21 mc. The third harmonic of 
21 mc is 63 mc. which falls in the r-f 
band of Channel 3. Assuming we are 
tuned to Channel 3, its picture carrier 
frequency is 61.25 mc. The difference 
frequency between the picture carrier 
(61.25 mc)and the sound harmonic (63 mc) 
is 2.75 megacycles. This is the inter-
fering beat frequency which will appear 
on the screen. The sound modulation in 

this beat frequency pattern will produce 
sound bars of the herring- bone type. 
These bars are not affected by the setting 
of the volume control. Furthermore they 
may not appear on all channels. 

To localize this trouble, remove one 
of the sound i-f amplifier tubes. If the 
beat pattern and sound bars disappear, 
the trouble is caused by a sound i-f har-
monic. The actual causes and cures for 
this trouble will be covered in more de-
tail in a later lesson on interference. 

Microphonic R-f, l- f or Video Tubes. — 
If the r- f, picture i-f, or video amplifier 
tubes are microphonic, sound bars may 
appear. These bars are caused by vibra-
tion of tube elements due to the sound 
coming from the speaker. Microphonics 
generally occur only at fairly high volume 
levels and so will disappear when the 
volume is lowered. As mentioned before, 
the presence of microphonics may be 
checked by tapping the chassis. If micro-
phonics are present, the defective tube 
can generally be located by tapping each 
tube gently until the defective one is 
reached. The most extreme microphonic 
action will appear when tapping the de-
fective tube. 

Microphonic Horizontal AFC Tube. — 
The effect of sound bars may be present 
in some sets if it has a microphonic tube 
in the horizontal AFC circuits. Vibration 
of the elements in this tube may cause 
changes in its gain. This in turn changes 
the horizontal sync phasing. The result 
is horizontal picture pulling in accord-
ance with sound modulation and giving 
the appearance of sound bars. The amount 
of horizontal picture pulling varies with 
the intensity of sound and is not present 
at low volume levels. Localization for 
this trouble follows the same general 
procedure as for any microphonic tube. 
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PARTI - VIDEO AMPLIFIERS 

PURPOSE AND REQUIREMENTS OF THE 
VI DEO AMPLIFIER SECTION 

33-1. Purpose. All the information nec-
essary to form the picture on the screen 
of the kinescope is contained in the 
signal at the output of the picture second 
detector. In addition to the picture com-
ponents, this composite signal contains 
the blanking pulses which cut off the 
kinescope spot during horizontal and 
verical retraces, and the sync signals 
which control horizontal and vertical 
sweep. 

from 

r-f unit 

to sound section 

picture i-f 
amplifier 

The output of the picture second de. 
tector, usually about 2 volts peak-to-peak, 
is not sufficient to control the kinescope 
and give the desired contrast between 
light and dark elements of the picture. 
Therefore, the signal must be built up 
by one or more stages of video amplifica-
tion before it is applied to the picture 
tube grid, as shown in Fig. 33-1. 

Requirements of the Video Amplifier. 
The video amplifier section must reproduce 
the signal with increased amplitude, and 
without distortion in phase, frequency or 
amplitude. Since the video band covers a 
range of from 30 cycles to 4 megacycles 
— much greater than that of the audio 
amplifier — compensating elements which 
will enable it to pass this wider band are 
necessary. 

detector 

Fig. 33-1 

video 
amplifier 

to sync circuits 
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The specific requirements of the video 
amplifier are: 

a. The signal at the picture àecond de-
tector must be amplified sufficiently to drive 
the kinescope. 

b. The wide range of the video band, from 
30 cycles to 4 megacycles, must be passed 
with sufficiently flat response. 

c. The signal must be passed without dis-
tortion. 

d. The signal at the kinescope grid must 
be of such polarity that a positive picture will 
be formed on the kinescope screen. 

e. No noise must be introduced by the 
amplifier, and provision must be made for re-
ducing the effects of external noise. 

To carry out these requirements, TV 
receivers use one or two stages of video 
amplification with specially designed 
compensating and control circuits. Some 
models use a-c coupling of the com-
posite signal between stages ( the 630 
series, for example); others use d-c 
coupling ( the 240 series, for example); 
still others use a combination of a-c and 
d-c coupling, 

(from PIC f-0-GUIDE 
(0) 

(b) (from PICT-0-G UIDE) 

Fig. 33-2 

D istortion. If the kinescope picture 
is to look like the original televised 
scene, the video signal must pass through 
the receiver without distortion. 

Loss of high frequencies will reduce 
picture detail, as shown in Fig. 33-2 b. 
The normal test pattern is shown in Fig. 
33-2 a. 

Poor low frequency response appears 
as a smearing of large areas in the pic-
ture, as illustrated in Fig. 33-3. This 
type of distortion results from phase shift 
distortion, particularly at low video 
frequencies. 

(from PICT-0-GUIDE 

Fig. 33-3 

Amount of Gain Required. The gain of 
the video amplifier must be enough to 
raise the voltage level of the signal at 
the output of the video detector to the 
level needed for proper operation of the 
kinescope. The greatest amount of gain 
in the television receiver takes place in 
the picture i-f sta-ges. For practicalrea-
sons, however, this gain is adjusted to 
a level which will deliver a second pic-
ture detector output picture signal of 
about 2 volts maximum. A signal voltage 
of about 40 volts is needed at the kine-
scope grid for proper operation. The 
video amplifier gives the 40 volts with 
proper input signal from the second 
detector. 

Polarity of Signal. — The accepted 
standard for television transmission is 
to have black represented by full carrier 
(actually 75% of maximum to allow for 
sync pulses) and white by minimum carrier. 
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The full carrier will give, at the out-
put of the second detector, a positive or 
negative signal, according to whether the 
load is in the cathode or the plate circuit 
of the detector as shown in Fig. 33-4. 
This detector is usually a diode, but in 
some cases a germanium crystal may be 
used instead. ( For technical reasons, 
the negative signal is much to be pre-
ferred; it is easier, by proper biasing, to 
clip the tips of sync pulses for reduc-
tion of noise effects.) 

o 

_ 

Fig. 33-4 

iL 
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Each stage of amplification reverses 
the polarity of the signal. Whether a given 
signal produces a light or dark spot on 
the screen depends on three factors: sig-
nal polarity, odd or even rumber of video 
stages, and cathode or grid kinescope 
drive; a positive signal on the grid, or a 
negative signal on the cathode will pro-
duce a bright spot, and vice versa. 

Altogether, there are eight possible 
combinations of these factors, of which 
four give a negative ( dark instead of 
light and vice versa) picture. The four 
usable com binations are indicated in 
Fig. 33-5. 

In the sections that follow we will 
examine critically the functions and 
characteristics of the video amplifier. 
First, however, we will review briefly 
the essential elements of the composite 
video signal which the amplifier is re-
quired to handle. 

THE COMPOSI TE VIDEO SIGNAL 

33-2. The composite video signal is a 
varying voltage containing all the infor-
mation needed to reproduce the picture. 
This information consists of; 

a. Picture detail; the light and dark spots in 
each scanning line; 
b. alanking pulses for blanking out the scan-
ning retraces, both horizontal and vertical; and 
c. Synchronizing pulses to insure correct 
timing for the horizontal and vertical scanning. 

Components of the Composite Video 
Signal. The information in two lines of a 
kinescope picture is shown in Fig. 33-6. 
The composite video signai is shown 
with maximum amplitude for the sync, 
with the top of the sync pulse taken as 
100 percent. With this as the peak value, 
the blanking level, which represents the 
tops of the blanking pulses, is at about 
the 75 percent level. This is considered 
the black reference level, since it is 
reproduced in the kinescope screen as 
black to make the blanking effective. The 
blanking level is also called the pedestal 
level, because it serves as a pedestal 
for the sync pulses. 

Variations in amplitude in the video 
signal lower than the 75 percent level 
correspond to the desired picture infor-
mation. The lower amplitudes represent 
whiter picture information, as the sig-
nal variations are further removed from 
the black level. In order to insure a wide 
enough amplitude swing between black 
and white for suitable range of contrast 
in the picture, the maximum white areas 
are at a signal level that is 15 percent 
or less of the peak signal amplitude. 

The black peaks of picture informa-
tion are shown a little below the blanking 
level — in general practice, about 5 per-
cent lower. This is to minimize the pos-
sibility of any picture information extend-
ing above the 75 percent level, which 
might interfere with the sync. The top 25 
percent of signal amplitude is used only 
for the synchronizing pulses. Similarly, 
the 15% tolerance at the white portions 
is permitted so that slight inaccuracies 
in adjustment cannot cause complete 
removal of the carrier. 
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The Video Signal and the Reproduced 
Picture. Referring to Fig. 33-6a and b, 
let's trace the signal variations to see 
how they correspond to the reproduced 
picture on the kinescope screen. The left 
edge of the illustration b corresponds to 
the time the kinescope beam is at the 
left side of the frame, just beginning the 
active trace of picture information in one 
line. Note how white corresponds to 
low amplitudes, and the high amplitudes 
are dark. 

At the end of this active line trace, 
the horizontal blanking pulse occurs, 
raising the video signal amplitude to the 
black reference level. This blanks out 

33-5 

the beam in preparation for the retrace, 
which is started by the leading edge of 
the sync pulse closely following the 
beginning of the blanking pulse. 

The beam remains cut off for the entire 
blanking pulse period. During this time, 
the horizontal deflection circuit in the 
receiver is causing the beam to return to 
the left side of the kinescope screen. The 
flyback, started by the leading edge of 
the sync pulse, is completed before the 
end of the blanking interval. The beam is 
now in position to start the second line. 

The action continues line by line, to 
complete a frame of the picture. The 
vertical blanking and sync pulses then 
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operate to bring the beam back to the top 
of the kinescope screen, in position to 
start the next frame. 

High and Low- Frequency L imits. Since 
the standard television picture has 525 
lines per frame, and there are 30 frames 
per second, there must be 15,750 lines 
per second. The time needed to complete 
one line, H in Figure 33-6, is 1/15,750 
second. Within the period of one line must 
occur all the variations which make up 
the electronic equivalent of the picture 
elements and the blanking and sync 
pulses. Where the picture has fine detail, 
with a correspondingly great number of 
changes from black to white, there must 
be millions of variations per second. 

In addition to picture elements, there 
are the blanking signals in the form of 
sharp, squared pulses, and the horizontal 
sync signals in the form of still sharper 
squared pulses sitting on top of the 
blanking pulse pedestal. The fundamental 
frequency of the horizontal sync pulses 
is only 15,750 per second: but to produce 
a sharply squared pulse waveform, an 
amplifier must pass high-frequency har-
monics of the fundamental frequency of 

start of line.-04 

r H —1—T-1-01,1 

t 100 

75 
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25 
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the sync pulses. Putting together all 
these variations — the picture elements 
and the timing pulses — gives an extreme-
ly complex waveform within the period of 
one line. The video amplifier must be 
able to pass and amplify this complex 
wave without distortion. 

In order to stay within the assigned 
bandwidth for a television channel (6 
megacycles, including the sound channel), 
the upper frequency limit of the picture 
channel signal must be limited to a top 
value of 4 megacycles. 

Since there are 30 frames per second 
in the television picture, this 30-cycle 
component is an essential part of the 
composite video signal. However, even 
lower frequencies must be considered for 
proper reproduction of the television 
image. In Fig. 33-6 a dashed line repre-
sents the d-c level, or the average am-
plitude for that line of the picture. The 
next line may have an average amplitude 
of a slightly different level. The compos-
ite of all the 525 lines of a frame gives 
a signal amplitude that represents the 
average brightness of the picture. Aver-
age brightness of the picture may vary, 
the variations dropping to a rate lower 

appearance of one line of the picture 

(b) 

(a) 

Fig. 33-6 
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than 30 cycles per second, or it may re-
main constant for several frames. For 
practical considerations, however, 30 cps 
is taken as the low-frequency limit of the 
video amplifier for flat response (equal 
amplification for all frequencies in the 

pass band). 

INTERPRETING VIDEO SIGNAL INDICATIONS 
ON THE KINESCOPE 

33-3. The Test Pattern. To facilitate 
the use of the kinescope for adjusting 
the television receiver, or for interpreting 
troubles, test patterns are transmitted by 
TV broadcasting stations. Let's take a 
look at the basic elements that determine 
how the test pattern may be used to check 
receiver operation. 

Fig.33-7is a chart that helps interpret 
picture detail. It takes 63.5 microseconds 
to complete one line of the picture, 53.3 
microseconds in active scanning and 10.2 
microseconds for the blanking period. The 
chart shows the patterns or picture ele-
ments produced for signals of different 
duration or frequencies applied to the 
kinescope grid. 

VERTICAL BLANKING 

.4-10.210-41  
g sec. 

HOR IZ. 
13LANK-
ING 

WIDTH OF PICTURE 
53.3 Micro. sec.   

5 p. sec 

cycle of 100 kc 
cycle of 200 kc IMM 

4 cycle of 500 kc. 
'A cycle of 1000 kc 
V2 cycle of 2 mc 
V2 cycle of 4 mc I 

= 5 p. sec. 
= 2.5 µ sec. 
= 1 µ sec. 
= .5 p. sec. 
= .25 g sec. 
= . 125 p. sec. 

Fig. 33-7 

A recurring signal of 15,750 cycles 
per second, which takes 53.3 microsec-
onds for the forward trace and 10.2 micro-
seconds for the retrace, traces out the 
picture raster. Signals recurring at a fre-
quency of more than 15,750 cps will show 
black and white portions for each line of 

the raster, resulting in one or more ver-
tical or slanting black bars on the kine-
scope. Recurring signals of less than 
15,750 cps will cause black or white 
impression for longer than the duration of 
one line, resulting in a number of black 
and white horizontal bars. 

Fig. 33-7 shows the relative lengths or 
duration of picture elements represented 
by one half-cycle of frequencies from 100 
kcs to 4 mcs. This spacing enables a 
reasonably accurate interpretation of thé 
frequency response as indicated on the 
kinescope screen. Bow it works out when 
using the wedges of a standard test pat-
tern, shown in Fig. is worth discus-
sing at the present time. 

Fig. 33-8 

High- Frequency Response. The ver-
tical wedge of the test pattern provides a 
signal which represents the higher video 
frequencies. Bars at the outside edge of 
the vertical wedge are spaced to be the 
equivalent of 127 bars to a line, or a 
frequency of 2 megacycles. The bars draw 
together near the bottom of the wedge, so 
that the spacing is the equivalent of 
twice as many bars per line, or a frequency 
of 4 mcs. For good high-frequency res-
ponse, the lines of a vertical wedge are 
sharp all the way in to the center; Fig. 
33-2a shows this condition . If the high: 
frequency response is poor, the bars be-
come blurred near the center, as shown 
in Fig. 33-2 b. The point in the wedge at 
which the bars blurred indicates the limit 
of high-frequency response. 
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Low-Frequency Response. The hori-
zontal wedge of the test pattern provides 
a means of checking the low-frequency 
response. Although exact analysis is dif-
ficult, and depends on the particular pat-
tern used, it is roughly true that the center 
line of the horizontal wedge has a length 
equal to about one-half the picture width, 
and thus represents a frequency of about 
15,000 cycles. The other lines in the 
horizontal wedge may be said to represent 
frequencies of from about 20,000 cycles 
to one megacycle. The sharpness and 
blackness of these lines indicates the 
limit of low-frequency response. Poor 
low-frequency response is apparent when 
the lines of the horizontal wedge are not 
as sharp or as dark as the lines of the 
vertical wedge, as indicated in Fig. 33-9. 

,tairn int. 
(from PICT-O-GUIDE ) 

Fig. 33-9 

Of course, if the horizontal wedges 
are stronger than the vertical wedges, the 
low frequencies are being amplified to a 
greater degree than the highs, and we 
again have poor high-frequency response. 

Defects in low-frequency response are 
often accompanied by excessive phase 
shift. This usually appears as a smear 
or white border preceding or following 
black lines or figures, as was shown in 
Fig. 33-3. 

Another way of checking the low-fre-
quency response is by examining the ver-
tical sync pulse as it appears on the 
kinescope screen. This is done by ad-
vancing the BRIGHTNESS CONTROL un-
til the black portion of the picture or test 

pattern is gray, then advancing the VER-
TICAL HOLD CONTROL until the picture 
is held half-way between the frames. The 
vertical sync pulse will then appear in 
the center of the kinescope screen in the 
pattern shown in Fig. 33-10. 

VERTICAL V TRAILING EQUAL-

SYNC. 

LEADING EQUAL-
12,ING PULSES 

IZING PULSES 

(from PICT-O-GUIDE) 

Fig. 33-10 

Why the pattern appears in this form 
will be explained in the section on sync 
circuits. For checking low-frequency res-
ponse, we are concerned only with the 

relative blackness of the various parts 
of the pattern. 

Since the black portion of the test 
pattern has been reduced to gray, and 
both the blanking pulse and the sync 
pulse appear in the picture, we have three 
levels of blackness. The vertical blanking 
area must appear blacker than the darkest 
part of the regular test pattern, and the 
vertical sync and equalizing pulses must 
appear much blacker than the blanking 
pulses. If this relative gradation in black-
ness does not appear, a fault in low-fre-
quency response is indicated. The ver-
tical pulse represents a frequency of 
about 30,000 cycles, with a repetition 
rate of 60 times a second. 

E AS I C A- C VIDEO AMPLIFIER 

33-4. In a well-designed high-fidelity 
audio amplifier, a flat frequency response 
is obtained for a bandwidth of about 50 
to 15,000 cycles. To pass this band of 
frequencies, it is usually necessary to 
use a reistance-capacitance coupled 
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circuit. Care must be used in determining 
the values of the circuit elements so that 
all frequencies in the band are amplified 
equally, without over-emphasis or loss. 

The problem of equal amplification of 
all frequencies in the video band, 30 
cycles to 4 megacycles, is much more 
difficult. It can be done, however, by 
proper compensating methods. 

First, let us analyze the basic charac-
teristics of the normal or uncompensated 
resistance-coupled amplifier to see just 
what must be compensated. We must know 
what factors determine the gain of the 
amplifier at any frequency, and why the 
gain starts to drop off at the high- and 
low-frequency ends of the range. 

Simple Amplifier Circuit. In a single 
stage of amplification we have the input 
circuit, the amplifier tube and an output 
circuit. This is illustrated in Fig. 33-11. 

eg R, 

1111 I III 

Fig. 33-11 

ZL eo 

An input voltage applied to the grid 
produces a variation in the plate current. 
This plate current, passing through the 
load resistor, develops an output voltage. 
If the circuit is properly adjusted, the 
input and output voltages have the same 
waveforms, but are of different amplitude. 
The gain of an amplifier is the ratio of 
the output voltage to the input voltage 
and depends on the tube and the output 
load involved. 

Ideally, the gain of the amplifier would 
be in direc ,. proportion to the value of the 
load. However, there are practical limits 
to the size of the output load that can be 
used. If the output load were a pure 
resistor, its value would be the same for 

all frequencies. But in a practical video 
amplifier there are capacitive and induc-
tive components in the output load circuit 
which affect the value of the load im-
pedance, ZL. These result in different 
values for the output load as the frequency 
is varied. 

e, 
RL 

Fig. 33-12 

Let's take a look at the resistance-
capacitance coupled am plifier circuit 
which is illustrated in Fig. 33-12. The out-
put load impedance, ZL, consists of much 
more than the load resistor, RL. It includes 
the effect of the coupling capacitor, Cc, 
and the input resistor, Rg of the next 
stage. Also, there are shunt capacitances 
which cannot be completely removed. 
These are in the output of the driving 
tube, including its stray wiring capaci-
tance, and the input of the driven tube 
with any stray wiring capacitance in its 
circuit. The output capacitance of the 
amplifier is designated as Co and the in-
put capacitance of the next stage as Ci. 

Limiting Factors of High Frequency 
Response. It is important to know how 
the circuit responds at the high- and low-
frequency ends of the amplifier range. At 
high frequencies, the coupling capacitor 
Cc offers practically no reactance and 
may be considered a short circuit. This 
is indicated in Fig. 33-13 a. A n equivalent 
circuit for the load is a resistance shunted 
by a capacitance,as shown in Fig. 33-13b. 

With Cc considered as a short circuit, 
the total load resistance Rt becomes the 
parallel connection of RL and R . But, 
since Rp. is much larger than R Rt is 
practically equal to the smaller resistor, 
RL. However, in parallel with this resist - 
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appears shorted 
at high frequencies 

CC 

(b) 

F ig. 33-13 
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R t L 

ance is the total shunt capacitance, Ct, 
made up of the output and input capaci-
tances, Co and C. Here is the basis of 
the trouble. This capacitive reactive 
component results in a load which de-
creases as frequency increases. As the 
signal frequency increases, the capacitive 
reactance shunting RL becomes a smaller 
value measured in ohms. Therefore, the 
total load impedance ZL becomes smaller. 

Since the gain of the amplifier is 
proportional to the value of the load im-
pedance ZL, the gain of a simple resist-
ance-capacitance coupled amplifier is not 
constant at all frequencies, but is lower 
for the higher frequency components of 
the signal. It is the shunting effect of the 
inter-electrode and stray capacities that 
cause the gain to fall off. 

The value of the load resistor RL can 
be kept small compared to the reactance 
Xc of the shunting capacities. By this 
means, the total value of ZL (RL in par-
allel with Xc) cannot change as much as 
when R is large. Then, the gain at the 
high frequency end will not fall off as 
much. 

For video amplifiers, the value of the 
load resistor RL is kept quite small, 
about 1,200 to 4,000 ohms, so that the 
operating frequency can be fairly high 

before the capacitive shunting effect 
becomes appreciable. But when we lower 
the value of the load resistor, we also 
reduce the maximum gain which can be 
obtained from the amplifier. We have to 
sacrifice gain in order to obtain the in-
creased bandwidth needed for the video 
amplifier operation. 

The band of frequencies passed by 
the amplifier can be made still greater by 
inserting suitable inductances in the out-
put circuit to compensate for the shunting 
effect of the stray capacitances. Methods 
for such high-frequency compensation will 
be studied later. 

Limiting Factors of Low- Frequency 
Response. Now let's see how the uncom-
pensated resistance-capacitance coupled 
amplifier behaves at the low-frequency 

end of the video band. We no longer have 
to worry about the shunt capacitances, 
but the coupling capacitor, Cc, becomes 
a limiting factor. This is shown in the 
simplified circuit of Fig. 33-14. 

cec-1 

F ig. 33-14 
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at loge frequencies the 
ea voltage drop across Cc 

becomes appreciable 

For frequencies below 200 cycles, the 
reactance of the coupling capacitor be-
comes appreciable, with the result that 
only a part of the output voltage is passed 
on to the grid of the next tube. At the 
middle and high frequencies, the reactance 
of the coupling capacitor is negligible 
and the full voltage output of the plate 
circuit appears across the grid resistor 
of the following stage. But, as the fre-
quency is decreased, the reactance of Cc 
is increased.. 

The reactance of the coupling capaci-
tor, Xc (measured in ohms) is in series 
with the grid resistor, and the two con-
stitute a voltage divider circuit. The part 
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of the voltage available across the grid 
resistor becomes less as the frequency 
decreases. The voltage drop represents a 
loss in signal voltage. 

Iris the coupling circuit which affects 
gain at low frequencies. To obtain a good 
low-frequency response, the value of Xc 
must be as low as possible compared with 
the grid resistance. This is accomplished 
by using large values for the coupling 
capacitor and the grid resistor. Since the 
coupling capacitor appears as a short 
circuit at high frequencies, and the grid 
resistor is a high resistance in parallel 
with a much smaller plate load resistor, 
making Cc and R large does not affect 
the high-frequency response. 

Of course, there are practical limits 
to the amount of increase of Cc and R. 

g 
Increased physical size of the capacitor 
results in increased stray capacitance to 
ground, which affects the high-frequency 
response. Too large a grid resistor can 
result in motor-boating. Therefore, it is 
necessary to keep the values of Cc and 
R low enough to avoid these problems. 
For the coupling capacitor, a practical 
limit is about 0.1 mfd. 

Since impractically large values of 
coupling capacitor and grid resistor would 
be required in the R-C coupled amplifier 
to pass the low frequencies properly, 
some means of compensation becomes 
necessary.These will be considered later. 

We can obtain good low-frequency 
response by eliminating the coupling 
capacitor entirely. This is done in the 
direct-coupled circuit by coupling the 
plate of the first tube directly to the grid 
of the next tube. This circuit will be 
considered later. 

D- C RESTORATION 

33-5. Need for D-C Restoration. In the 

composite video signal output of the 
picture second detector, all the tips of 
the sync pulses are lined up at the same 
voltage level. The tops of the blanking 

pulses are also lined up, and variations 
in picture detail from black to white are 
represented by corresponding variations 
in voltage levels. The signal may be con-
sidered as being made up of two basic 
parts: the a-c component, which com-
prises all the variations in signal voltage 
and the d-c component, which is the 
voltage representing the average bright-
ness. This is shown in Figure 33-15a. 

o 
BRIGHT DULL DARK 

- average value 

•••••• •••••••111 

----.0verage value 

(o) 

(b) 

Fig. 33-15 

When the signal is passed from one 
stage to another through the coupling 
capacitor, the d-c component of the sig-
nal is lost, with the effect shown in Fig. 
33-15b, in which the three samples are 
positioned with the respective d-c aver-

ages (Fig. 33-15a) lined up on the hori-
zontal reference line. This is acceptable 
so far as the amplifying function of the 
video amplifier is concerned, but at some 
point something must be done so that the 
tips of the sync pulses are again lined 
up. This is done by means of a d-c re-
storer circuit, which reinserts the mis-
sing d-c component. If this were not done, 
not only would the retrace lines be seen 
on all but the brightest scenes, but also 
the average brightness of all scenes would 
be the same, as presented on the tube face. 

Diode d-c Restorer Circuit. While there 
are many types of d-c restorer circuits, 
the principle is shown in the simplified 
schematic of Fig. 33-16. All circuits de-
velop an automatic bias in a manner sim-
ilar to that of the grid leak bias action 
explained in Lesson 26. 
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video 
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Fig. 33-16 

kinescope ( 

The diode d-c restorer circuit consists 
of a diode, shunted by a high value of 
resistance, and a coupling capacitor, 
through which the signal is applied. The 
video signal output from an a-c amplifier, 
with the d-c component removed, is ap-
plied across the cathode and plate of the 
diode through the coupling capacitor. When 
the signal applied to the cathode is nega-
tive, the diode conducts. This charges 
the capacitor in proportion to the peak 
amplitude of the applied signal. While the 
signal is positive, the capacitor dis-
charges slightly through the resistor 
shunting the diode. The voltage developed 
across the resistor is added to the bias 
voltage applied to the kinescope. 

When the diode is conducting, the 
time constant, RC, of the capacitor and 
the diode resistance, is relatively small. 
Therefore, the capacitor charges quickl y 
almost, to the peak voltage of the signal. 
This peak voltage is the tip of the sync 
pulse. The shunting resistor is much 
larger in value than the resistance of the 
diode when it is conducting. Therefore, 
the time constant of the capacitor and the 
shunting resistor is sufficiently large 
that the capacitor discharges only slight-
ly during the period when the diode is 
not conducting. 

After several lines, the charge on the 
capacitor reaches a level corresponding 
to the maximum level of sync voltage. 
Therefore, each sync pulse adds only 
enough charge to make up for the small 
drop due to the slow discharge, mentioned 
below. This keeps the blanking and sync 

pulses lined up at practically unvarying 
levels. During the positive portion of the 
wave, when the diode does not conduct, 
the capacitor discharges slightly across 
the load resistor to develop a positive 
bias voltage. This bias is proportional to 
èhe peak value of the input signal. There-
fore, it would be greatest for a bright 
picture, less for a dull picture and least 
for a dark picture. The positive bias vol-
tage developed by the d-c restorer circuit 
subtracts from the normal negative bias 
applied to the kinescope grid by the 
BRIGHTNESS control. 

Three distinct signals or inputs are 
applied to the kinescope grid circuit. 
These are: the normal negative bias, the 
automatic positive bias output of the d-c 
restorer, and the a-c variations of the video 
signal. The net effect is that of a vari-
able bias which shifts the reference level 
of the video signal so that the amplitude 
of the sync pulses are clamped. The d-c 
component or brightness level of the pic-
ture is restored, in a form identical with 
Fig. 33-15a, with individual elements of the 
picture at the correct relative shades of 
black or white. 

DIRECT- COUPLED AMPLIFIER 

33-6. Comparison of A-C and D-C Am-
plifiers. — The basic difference between 
a-c coupled and d-c coupled amplifiers 
can be seen in the comparison of sim-
plified circuits in Fig. 33-17. 

In the a-c coupled amplifier, a coupl-
ing capacitor serves two purposes. It 
couples the a-c component of the signal 
from one stage to the next; and it sepa-
rates the plate voltage of the first tube 
(normally positive as measured to, the 
cathode of either tube) from the grid of 
the second tube (normally negative in 
respect to either cathode). Since the use 
of the coupling capacitor results in the 
loss of the d-c component of the signal, 
a d-c restorer circuit must later be added. 

In the direct-coupled circuit, the 
coupling capacitor is eliminated. This 
places the plate of the first tube and the 
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complete range for the direct-coupled 
amplifier is from — 135 to +240 volts, 
which is 375 volts, total. 

In the a-c coupled amplifier, a change 
in voltage affects that particular circuit, 
but has little effect on other parts of the 
amplifier. In the direct-coupled amplifier, 
however, the amplifier circuit itself acts 

+240V as a voltage divider. Therefore, any con-
dition that affects the operating voltage 
in one part of the circuit causes a voltage 
change in all parts of the direct-coupled 
amplifier. This makes it much more dif-
ficult to localize a fault in the circuit. 

-08V +240V 

OV 

(tt) d-c coupled 

Fig. 33-17 

grid of the second tube at approximately 
the same potential in respect to ground. 

But the plate of the first tube must be 
positive in respect to its cathode, and 
the grid of the second tube must be nega-
tive in respect to its cathode. Therefore 
the total voltage from the power supply 
for the direct-coupled circuit must be 
considerably higher, to provide proper 
operating voltages for the tube elements. 
The circuit passes both the a-c and d-c 
components of the signal. Thus a d-c 
restorer is not required and there is no 
low- frequency compensation problem. How-
ever, a higher voltage power supply is 
needed and the circuit is more critical 
toward tube functioning and minor circuit 

changes. 

In the a-c coupled amplifier, the volt-
ages applied to the tube elements are 
often taken from a voltage divider circuit 
in the power supply. In Fig. 33-17a the 
total range of voltage required is from 
—20 to +240 volts or 260 volts total. The 

Circuit Analysis of the Direct-Coupled 
Amplifier in a Typical R eceiver. — With 
the coupling capacitor eliminated, the 
circuit must be carefully designed to pro-
vide correct operating voltages for the 
various elements of the amplifier tubes. 

It is best to start voltage analysis at 
the second video amplifier, the point of 
highest voltage. Video amplifiers often 
use a duo-triode, 12AU7, for the first and 
second amplifier stages, one section of 
the tube for each stage. In the circuit 
shown (Fig. 33-17 b), the highest voltage 
supplied to the amplifier from the low-
voltage power supply is +240 volts, 
measured to ground. The voltage from the 
plate of the second video amplifier to 
ground is shown to be +228 volts. The 

difference, then, is the voltage drop 
through the resistor in the plate circuit. 

The voltage drop through the plate 
circuit resistor depends on the plate cur-
rent through the resistor. The proper 
plate current will flow through the circuit 
wh en the tube is good and the correct 
relative operating voltages are applied to 
cathode, grid and plate. For this reason, 
we must know what the correct relative 
operating voltages are, and how to apply 
those voltages to the cathode and grid of 
the tube. 

The cathode of the amplifier stage 
must have a return to some point in the 
low-voltage power supply whose potential 
is lower than the plate potential. Other-
wise, there could be no plate current at 

all. In Fig. 33-176 we find this point of 
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connection to be at — 0.8 volts. The voltage 
shown at the grid is — 20 volts. The ac-
tual voltages measured to ground, as 
shown on the schematic, are: +228 volts 
at the plate, — 0.8 volts at the cathode, 
and —20 volts at the grid. These are 
equivalent to the voltages ( relative to 
the cathode, considered as 0 volts) of 
+228.8 volts at the plate, zero at the 
cathode and — 19.2 volts at the grid. With 
these relative voltages at the tube ele-
ments, the correct plate current flows 
through the various dropping resistors in 
the plate and cathode circuit to maintain 
this voltage relationship. Any change in 
the plate current would cause a shift in 
the tube-operating voltages and in the 
circuit operation. 

Now, let's check the voltage applied 
to the first video amplifier. If its plate 
is directly coupled to the grid of the 
second video amplifier, with only a small 
value of plate resistance intervening, and 
the grid of the second video amplifier 
must operate at —20 volts to ground, the 
plate of the first amplifier must be nearly 
the same potential as the grid to which 
it is connected. Actually, the reading is 
shown to be —28 volts, the difference 
being due to the voltage drop in the plate 
resistor. Now, how can we connect to the 
power supply to obtain these voltages, 
'still maintaining the correct relative volt-
ages on the cathode and grid of the first 
amplifier? 

The best way to determine voltage 
distribution in the plate, cathode and grid 
circuits of the first amplifier is to find 
where they connect into the high and low 
points on the power supply, and draw an 
equivalent circuit showing all the resist-
ances in the plate and cathode circuits, 
including the tube itself. This is illus-
trated in Fig. 33-18. 

The plate current flows through all 
the resistances in the plate and cathode 
circuits, as well as through the tubes. 
The cathode-to-plate electron paths 
through the tubes become part of a volt-
age dividing network. The various re-
sistance values are so chosen that the 

Fig. 33-18 

correct relative voltages will be .applied 
to the tube elements. 

As shown on the schematic, these 
voltages for the first amplifier, measured 
to ground are: —28 volts at the plate, 
—133 volts at the cathode, and — 135 volts 
at the grid. The relative voltages, referred 
to the cathode, would be +105 volts at 
the plate, zero at the cathode, and —2 
volts at the grid. These values give a 
plate current which, flowing through the 
dropping resistors, gives the correct 
relative voltages at the various elements 
of the amplifier tubes. 

This method of analyzing voltage dis-
tribution through a direct-coupled video 
amplifier can be applied to most direct-
coupled circuits used in TV receivers. 
In different models, different arrangements 
and values of resistors are used and dif-
ferent voltages appear at the various tube 
elements as measured to ground, but the 
relative values remain very much alike. 

Direct-coupling eliminates the need 
for a d-c restorer circuit. However, fre-
quency compensation networks must still 
be used. 
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FREQUENCY COMPENSATION OF THE VIDEO 

AMPL IF/ER 

33-7. High-Frequency Compensation 
Methods. — The shunting effect of inter-
electrode and stray capacitance due to 
circuit wiring may be compensated for, 
by inserting a suitable inductance in the 
plate circuit. The simplest method is to 
place a "peaking-coil" in series with 
the plate load resistor. This method is 
called " shunt-peaking", since the coil 
is effectively in parallel with the total 
shunt capacitance. 

Another method is to connect a small 
inductance in series with the coupling 
capacitor, to form a " series-peaking" 
circuit. The shunt and series-peaking 
circuits can be combined to make use of 
certain advantages of each method. 

a. Shunt-peaking Method. — The shunt-
peaking coil, Lp, is inserted in the am-
plifier circuit in series with :he load 
resistor , RL.' as indicated in Fig. 33-19. 

Fig. 33-19 

We know that the effects of the coupl-
ing capacitor and of the grid resistor of 
the following stage are negligible at high 
frequencies. That leaves the load resistor 
in series with the peaking coil and the 
combination shunted by the capacitance, 
Ct, to make up the total load impedance 
of the circuit. This is shown in the 
equivalent circuit in Fig . 33-20. 

The peaking coil, in series with RL, 
introduces practically no additional re-
sistance. Therefore , L does not change p 

the low-frequency response of the am-
plifier. As the frequency increases, the 

Lp 

ZL 
of 

Fig. 33-20 

inductive reactance of L measured in 
P  

ohms increases, but this increase is 
balanced by a corresponding decrease in 
the capacitive reactance of Ct, to main-
tain the total impedance at a constant 
value. The result is a flat response or 
uniform gain for all frequencies for which 
this relationship holds true. This depends 
on the selection of proper values for RL 

and L. 

To obtain flat response up to the 
highest frequency needed, fo (4 mc for a 
video amplifier), we insert a peaking coil 
with a reactance in ohms at the limiting 
frequency equal to half the value of the 
load resistor. This gives the frequency 
response curve below: 

1.2 

/0 

Curve --I\ Response 

- 

XL ,, ,- 0.5RL (of fol 

.... 

.... 

1 
.001 .01 0.1 10 

f/fo re/olive frequency 

Fig. 33-21 

10 

This explanation of shunt peaking 
shows that inductance (peaking coils) are 
able to balance out the decrease in Xc, 
measured in ohms, which occurs as fre-
quency increases. This is possible be-
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Fig. 33-22 

cause XL' measured in ohms, increases 
as frequency increases. This property of 
coils is also used in series-peaking high 
frequency compensation for video am-
plifiers. 

b. Series-peaking Method. — High- fre-
quency compensation by the shunt-peaking 
method works reasonably well, but it has 
some weaknesses. While the gain is 
uniform up to the upper frequency limit, 
the method does not result in a higher 
gain than was previously available for 
the low and middle frequencies of the 
uncompensated amplifier. Improved gain 
for these frequencies is obtained by 
using the series-peaking method. 

By connecting inductance Ls of Fig. 
33-22 in series with the coupling capacitor, 
we divide the total shunt capacitance into 
two parts. The lowered value of the load-
circuit capacitance, which is now only 
Co, permits the use of a larger load re-
sistance. Therefore, -a higher voltage is 
applied to the input circuit of the follow-
ing tube. For the high frequencies, the 
effects of the coupling capacitor and the 
grid resistor are negligible, leaving as 
the input circuit for V2 a reactive voltage 
divider made up of the peaking coil, Ls, 
and the input capacitance, Ci, in series. 
This is shown in Fig. 33-23. 

The value of Ls is such that in series 
with c• it forms a resonant circuit at a 
frequency somewhat above fo. At this 
resonant frequency a maximum current 
flows through Ci, and the voltage drop Fig. 33-23 

across it reaches a maximum. At fre-
quencies fo and below, which are lower 
than the resonant frequency of the peak-
ing coil and the input-capacitance com-
bination, the reactance of Ls varies in 
such a way as to compensate for any loss 
caused by the shunt capacitance, Co, The 
net result is a reasonably flat response 
to the high-frequency end of the range, 
fo, plus a higher gain over all frequencies 
than can be obtained by either the un-
compensated or the shun t-peaked am-
plifier. 

In order to prevent a high-frequency 
peak at the top end of the range, a load-
ing resistor, Rs, is shunted across the 
series-peaking coil. This reduces the 
Q of the circuit to give the desired flat 
response. The value of Rs is usually 
from five to ten times the value of RL. 

C. Combination of Shunt and Series 

Peaking. Since high-frequency compensa-
tion is obtained by the use of shunt- and 

V2 
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Fig. 33-24 

series-peaking coils, the use of both 
should give even better results. The cir-
cuit for such a combination is shown 
in Fig . 33-24. 

This combination gives slightly better 
gain than series-peaking alone. Relative 
values of gain at the limiting frequency 
fo are: 

(1) uncompensated amplifier — . 707 
(2) shunt-peaking amplifier — 1.0 
(3) series-peaking amplifier — 1.5 
(4) shunt- and series-peaking amplifier 

— 1.8 

d. "M-Derived" Filter-Coupling Cir-

cuit. Some amplifier circuits used in many 
television receivers employ a compensa-
tion circuit known as an "M-derived filter 
coupled circuit". This resembles a shunt-

8-1-

Fig. 33-25 

and series-peaking circuit. The essential 
difference lies in the fact that the two 
compensating coils are placed in series, 
the output to the coupling capacitor being 
taken from the junction between the two 
coils, as shown in Fig. 33-25. 

This arrangement permits the use of 
a larger load resistor than the combina-
tion peaking circuit, and is less depend-
ent on the distribution of the stray ca-
pacitances. The relative gain, as com-
pared to an uncompensated amplifier, is 
2.3. 

Low-Frequency Compensation.— Since 
impractically large values of coupling 
capacitor and grid resistor would be re-
quired to pass the low frequencies proper-
ly, some means of low-frequency com-
pensation becomes necessary. 

The addition of a low-frequency com-
pensation filter in series with the load 
resistor, as shown in Fig. 33-26, helps to 
a considerable extent. Additional improve-
ment results from adjustment of the cath-
ode circuit (cathode resistor, Rk, and 
bypass capacitor, Ck). 

a. Low-Frequency Compensation Fil-
ter. Resistor Rf and capacitor Cf make up 
the low-frequency filter. It is in series 
with the load resistor. This combination 
increases the impedance of the plate load 
circuit for the low frequencies. The re-
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suiting increase in gain at the low fre-
quencies permits the use of smaller values 
for the coupling capacitor, Cc, and the 
grid resistor, Rg. The high-frequency 
response is not affected by the filter 
since, at these frequencies, filter resistor 
Rf is cut out of the circuit by the bypass 
action of shunting capacitor Cf. 

The filter circuit has two other im-
portant functions. It serves to decouple 
the amplifier from the power supply cir-
cuit, preventing feedback from other 
stages, which might cause motorboating. 
It also compensates for a phase shift in 
the coupling circuit introduced by the 
voltage-divider circuit previously dis-
cussed ( the coupling capacitor in series 
with the grid resistor). This phase shift 
will be discussed more fully in a later 
section. 

Also, as in the case of the basic am-
plifier described in Lesson 26, the filter 
capacitor is a ground point for the signal. 
In fact, this explains how the low- fre-
quency compensation is accomplished. 
At low frequencies, the reactance (Xc) of 
the capacitor is in series with the load 
resistance RL. The total load impedance 
(Zi ) is increased. This balances the 
undesired effect of the coupling capacitor 
at low frequencies. At higher frequencies, 
the reactance of the filter capacitor is 
practically zero, and has no effect on the 
load impedance. 

Best results are obtained when the 
time constants of the load resistor and 

filter capacitor and those of the coupling 
circuits are balanced, so that 

RL x Cf -= Cc x 

Since the coupling capacitor and the 
grid resistor are made as large as prac-
ticable, and the value of the load resistor 
depends on the highest frequency to be 
passed by the amplifier, only the value 
of the filter capacitor, Cf, is critical for 
proper low-frequency compensation. Best 
results are obtained when Rf is at least, 
twenty times greater than the reactance 
of Cf at the lowest frequency (fc) required 
to.be passed. 

b. Additional Factors in Low-Frequen-

cy Response. — In addition to the low-
frequency compensating filter, two other 
factors affect the low-frequency response, 
but to a much lesser degree. The more 
important of these is the cathode bias 
filter of the amplifier. Of much less im-
portance, although it does have some 
effect, is the screen-grid bypass capaci-
tor, Csg. 

The value of the Cathode resistor, Rk, 
is determined by the bias voltage required 
for the tube. To prevent degeneration, 
which would reduce amplification for the 
stage, the bypass capacitor, Ck, must be 
sufficiently large to provide a shunt path 
for the lowest frequency to be passed. In 
general, the value of the bypass capacitor 
should be such that its reactance at the 
limiting low-frequency is not greater than 
one-tenth the value of the cathode-bias 
resistor. To properly bypass frequencies 
as low as 30 cycles for the usual values 
of cathode bias resistor, the bypass 
capacitor must have a value of 100 micro-
farads or more. Best results are obtained 
when the time constants of both the cath-
ode filter and the plate circuit filter are 
matched, so that Rk x Ck = Rf X Cf. 

DISTORTION IN VIDEO AMPLIFIERS 

33-8. It is essential that the video 
signal pass through the receiver without 
distortion. In addition to loss of high 
frequencies or low frequencies, distortion 
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due to phase shift may appear. The re-
sulting effect on the kinescope picture 
was shown in Fig. 33-3. 

Phase Shift. — In any amplifier, ca-
pacitive or inductive reactance in either 
the grid or plate circuit will result in 
a small shift in phase between the input 
and output voltages, in addition to the 
normal reversal of polarity which occurs 
in amplifiers. This shift in phase is 
different for each of the various frequen-
cies which the amplifier is required to 
pass. 

Since the ear is not sensitive to phase 
distortion, it is not important in the case 
of an audio amplifier. In a video ampli-
fier, however, an unequal shifting of the 
picture elements becomes noticeable as 
a distortion of the picture detail on the 
kinescope. 

It is easier to see what happens to 
the signal if we consider phase shift in 
terms of the time delay in passing through 
the amplifier. The time delay, of course, 
is very small — not more than a fraction 
of a microsecond. But let's see what 
happens on the screen. A 16-inch tube 
has a picture width of about 12 inches. 
At 15,750 lines per second, the kinescope 
spot traces one line in 53.3 microseconds 
and takes an additional 10.2 microseconds 
for the retrace. It takes the spot 4.5 micro-
seconds to travel 1 inch. A delay of even 
one microsecond shifts a picture element 
a distance of about 1/4 inch on the screen. 
Of course, if all frequencies are delayed 
by the same period of time, the entire 
picture is shifted a little and is not notice-
able. But, in the case of different time 
delays for high and low frequencies, the 
picture is noticeably altered. 

The phase relationships hold reason-
ably well for the middle range of fre-
quencies in the uncompensated amplifier; 
but trouble is encountered at the high 
and low-frequency ends of the video band. 

We are not too much concerned about 
phase shift at the high frequencies. The 
compensating methods for high-frequency 
response also correct phase shift at the 
high frequencies reasonably well. At the 
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low frequencies, however, phase distor-
tion can be a serious problem, since a 
very small phase shift measured in de-
grees can be a relatively large delay in 
time compared to the high frequencies. 

As in the case of poor low-frequency 
response, the trouble is due to the pres-
ence of the coupling capacitor in thé 
circuit. Here, too, the condition is much 
improved by eliminating the coupling 
capacitor and using a direct-coupled 
circuit. 

It is fortunate that compensating meth-
ods which improve the gain of an ampli-
fier at the high and low frequency ends of 
the video band, also improve the phase 
shift characteristics, though not to the 
same degree. Thus, by doing the utmost 
to obtain a reasonably flat frequency 
response for maximum gain over the en-
tire band, we also arrive at a compensated 
amplifier in which the phase shift char-
acteristic is not intolerable. 

Amplitude Distortion. It is important 
to remember that for proper operation as 
an amplifier, a tube must be operating 
with the correct voltages applied to the 
plate, grid, and screen grid, in respect 
to the cathode. With the correct voltages 
the input voltage waveform is faithfully 
reproduced in the output. If something 
changes the operating voltages, for ex-
ample if the plate voltage becomes too 
low or the grid bias becomes too large, 
the tube may be driven past the plate 
current saturation point, or below the 
cut-off bias point, and the waveform of 
the output voltage becomes distorted. In 
this case the peaks of the video signal 
are clipped or compressed. Since this 
amounts to an alteration of the ampli-
tude of the signal, it is known as am-
plitude distortion. One important result 
of amplitude distortion is the loss of 
sync. The amplitude of the sync pulses 
is the first factor affected by amplitude 
distortion because the sync pulses are at 
the peaks of the video waveform. 

Compensating methods applied to the 
circuit to correct high or low frequency 
response or phase shift must not alter 
the operating voltages applied to the tube 
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elements. Also, circuits and elements 
external to the video amplifier, in the 
power supply or drawing current from the 
power supply, must be sufficiently stable 
so that the operating voltages of the video. 
amplifier are not changed enough to cause 
distorted amplification. 

Stable operating voltages are not dif-
ficult to maintain in the resistance cou-
pled amplifier circuit; but in the direct 
coupled amplifier, the problem is some-
what more difficult. A slight change any-
where in the c irc uit might upset the 
operating voltages of all parts of the 
circuit. 

TYPICAL A-C COUPLED VIDEO AMPLIFIER 

33-9. — The requirements for a video 
amplifier can be met by the use of any 
one of a number of amplifier circuits. In 
some cases, the circuits to be considered 
in this section have resulted from im-

RI50 

C143 
0.25 I 

+9000V 

- 2V. 47 K 

GRN. 

V114 B 

TO SYNC 

100V 

R152 
50 K 

BRIGHTNESS 
CONTROL 

R239 
150K 

+275V 

EATING 

GLASS 

COATING 

VIII 
104. 

KINESCOPE 

provement and development of earlier 
types; in other cases, one method of 
coupling has been found to be more ef-
ficient in particular receivers. We will 
consider several typical circuits, weighing 
their advantages and disadvantages in 
different types of receivers. The resist-
ance-capacitance coupled circuit of Fig. 
33-27 has been used in many receivers, 
and in modified form in some projection-
type receivers. After discussing this 
circuit we will study the direct-coupled 
circuit of Fig. 33-28; the circuit of Fig. 
33-29, which is direct-coupled from the 
detector and capacitive-coupled between 
video stages; and the single-stage am-
plifier of Fig. 33-30. 

Basic Circuit Analysis. — The circuit 
is basically that of the compensated a-c 
amplifier explained in Sections 4 and 7. 
To simplify circuit analysis, the func-
tions of the various components are listed 
on the next page. Functions of those that 
differ from the basic circuit are then 
explained. 
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PART NO. 

V114A 

R137 
3900 ohms 

L188 
(8 ohms 
250 Jah) 

L187 
(5 ohms 
120 /£ 11) 

tt136 
(22K) 

C137 
(10mmf) 

C138 
(.05 mf) 

V115 

R138 
(470K) 

R140 
(3300 ohms) 

L190 
(4 ohms 
93 P-h) 

L189 
(5 ohms 
120 /2.11) 

R139 
(22K) 

C223B 
(10mf) 

R141 
(6800 ohms) 

C140 
(.05 mf) 

R142 
(820 K) 
R145 
(1.2 meg) 

V116 

R144 
(330 ohms) 

C161 
(470mmf) 

UNCTION 

PICTURE 

Picture second 
detector 

Plate load 
resistor 

Shunt-peaking 
coil 

Series-peaking 
coil 

Shunting resistor 
for series-peaking 
coil 

Plate filter 
.capacitor 

Coupling 
capacitor 

FIRST 

First video 
amplifier 

Input grid 
resistor 

Plate load 
resistor 

Shunt-peaking 
coil 

Series-peaking 
coil 

Shunting resistor 
for series-peaking 
coil 

Plate filter 
capacitor 

Plate filter 
resistor 

Coupling capacitor 
to second video 
amplifier 

SECOND 

Grid resistor 

Forms voltage 
divider with R142 

Second video 
amplifier 

Cathode resistor 

High frequency 
compensation in 
cathode circuit 

FUNCTION OF COMPONENTS 

REM‘ItiS 

SECOND OUTPUT DETECTOR 

One-half of a 6AL5 duo-diode rectifies the picture i-f to give the 
composite video signal. 

Develops a negative signal output of the same polarity as must be 
applied to the kinescope grid. 

Balances out shunt capacity for the high frequency, to give proper 
response characteristics, as described in text. 

The coil is wound on its shunting resistor. See text for full 
discussion 

Prevents excessive peaking at the high frequency end of the 
video band. 

Filters the intermediate frequencies from the composite video. 

Couples output of picture second detector to grid of first video 
and blocks d-c. (Note the relatively large value, to maintain low-
frequency response.) 

VIDEO AMPLIFIER 

The operating voltages of the 6AU6 are such that any noise 
voltages of greater amplitude than the sync pulses will drive the 
grid to cutoff. This causes a noise-limiting effect. 

The input video signal is developed across this resistor and 
applied to the grid of the first video amplifier. Prevents tube from 
blocking. The grid operates at a bias of -2 volts from the power 
supply, with the cathode of the tube grounded. 

Determines gain of the amplifier at middle of the video band. That 
is, the "normal" (uncompensated) gain. 

See text for discussion of shunt peaking. 

Same as in the previous stage. 

Same as in the previous stage. 

One section of an eledrolytic. Acts as ground return for the video 
signal. Part of filter compensating circuit for low-frequency 
compensation. 

Acts with the plate filter capacitor to form the plate filter com-
pensating circuit for low frequencies. 

Same as coupling capacitor to first video amplifier. 

VIDEO AMPLIFIER 

The grid resistor is part of a voltage divider network in which 
R143 connects to the - 18 volt point on the power supply divider. 
The result is that -7.5 volts to ground is applied to the grid 
of the tube. 

6K6-GT, power pentode. In addition to the negative bias applied 
to the grid, the tube is self biased by the voltage drop across a 
resistor in the cathode circuit. 

Supplies self bias voltage and some degeneration. 

May be connected in or out of the circuit by means of link on 
J104. Explanation is given later.. 
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C142 
(.05 mf) 

R149 
(1 meg) 

LI91 
(5 ohms 
120 µh) 

R145 
(22K) 

L192 
(4 ohms 
93 

RI47 
(3300 ohms) 

The d-c restorer and input circuit 

Series-peaking 
coil 

Shunting resistor 
for series:-peaking 
coil 

Shunt-peaking coil 

Plate load resistor 

Same as in previous stage. 

Same as in previous stage. 

Same as in previous stage. 

Connects to the screen grid voltage supply line, + 135 volts, since 
this stage is designed to operate at a rather low plate voltage. 

to the kinescope will be analyzed later. 

The second video amplifier operation 
is sufficiently different from the basic 
circuit previously explained to merit 
further discussion. When a resistor is 
connected in the cathode circuit without 
being bypassed by a suitable value of 
capacitance, some degeneration or loss 
of gain occurs at all frequencies. This is 
the situation in the cathode circuit of the 
second video amplifier. Remember that in 
the first video amplifier the cathode was 
grounded. 

Connecting a capacitor across the 
cathode resistor R144, corrects the de-
generation in whole or in part. A large 
capacitor, of about 100 mf or more, would 
be needed to bypass all frequencies, in-
cluding the lows. However, in the circuit 
schematic only a small capacitance is 
shown, C161 ( 470 mmf). This can be con-
nected in or out of the circuit by means 
of a link.With the capacitor out of the 
circuit, there is some degeneration or 
reduction of the maximum possible gain 
of the stage at all frequencies. When 
capacitor C161 is connected in the cir-
cuit, it bypasses only the high frequen-
cies. Degeneration at these frequencies 
is thus reduced, and there is some gain 
in high frequency response. 

PART NO. 

In some areas, such video compensa-
tion is desirable. In other areas there 
may be excessive high-frequency peaking, 
which appears on the kinescope as a 
white line closely' following a black 
figure, particularly at high contrast set-
tings. High-frequency peaking is normally 
controlled at the transmitter end, in the 
video amplifier of the camera. If the pic-
ture from most stations looks better with 
the link closed, the link is placed in that 
position ( 2-3), but if excessive peaking 
shows up, the link is left open ( 1-2). This 
link was used only in TV receivers of the 
8TS30 type. Improvements at the trans-
mitter end have made such high-frequency 
compensation adjustment unnecessary in 
modern receivers. ( In the 630 type of re-
ceiver, there is a link in the same posi-
tion on the chassis, but it is used for 
another purpose.) 

D-C Restorer and Input Circuit to the 
Kinescope. — The d-c restorer circuit and 
input to the kinescope are basically the 
same as that explained in Section 33-5, 
except that certain filter circuits have 
been added. The circuit analysis is as 
follows: 

FUNCTION OF COMPONENTS 

FUNCTION 

D-C RESTORER 

REMARKS 

V114B D-C restorer Utilizes one half of a 6AL5. The input signal is the video voltage 
diode across the plate load resistor, R147 

R146 Isolating 
(10K) resistor 

Input capacitor 

Shunt resistor 

Prevents loss of the high frequency components of the video signal. 

Couples a portion of the video signal to the d-c restorer. 

Shunts the cathode and plate of the diode. Operates with capacitor, 
C142, to develop the positive d-c restorer voltage. 



C141 
(.05 mf) 

R148 
(100 K) 

R150 
(47 K) 

C143 
(0.25 mf) 

R151 
(150 K) 

R152 
(50 K) 

Typical Direct-Coupled Video Amplifier 

Coupling 
capacitor 

Isolating 
resistor 

Filter resistor 

Filter capacitor 

Filter resistor 

BRIG' ITN ESS 
control 

IN PUT TO KINESCOPE 

33-23 

Couples a-c component of compensated video signal to the kinescope 
grid. 

Prevents loss of high frequencies through the d-c restorer circuit. 

Acts with C143 and R151 to filter a-c component of signal at plate 
of d-c restorer diode to ground, thus removing it from the input grid 
circuit of the kinescope. The signal at the plate of the diode serves 
as the input source for the sync circuits. 

Ground return for filter circuit. 

Keeps a-c component of the video and sync signals out of the 
BRIGHTNESS control circuit. 

Potentiometer adjustment to supply a maximum bias of - 100 volts to 
the kinescope grid. 

The signal applied to the kinescope 
grid is made up of three components: 

a. The steady bias voltage from the setting 
of the BRIGHTNESS control. 

b. The reinserted d-c reference level from 
the d-c restorer circuit. This positive voltage 
is obtained from a portion of the video output 
of the second video amplifier. To prevent loss 
of high frequencies through the d-c restorer, 
the input signal to the restorer is taken below 
the peaking coil and through an isolating 
resistor. 

c. The compensated a-c component of the 
video signal. This signal is applied through 
the coupling capacitor, and is blocked from 
the d-c restorer circuit by an isolating resistor. 

The positive voltage of the reinserted 
d-c component subtracts from the nega-
tive voltage of the normal bias to estab-
lish a new reference level for the com-
pensated video signal. This clamps all 
the sync pulses at the same level, and 
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e 

re-establishes an average brightness level_ 
The filter circuits noted are necessary to 
prevent loss of high frequencies, or to 
eliminate a-c variations from the grid 
biasing circuit. 

TYPICAL DIRECT- COUPLED VIDEO AMPLIFIER 

33-10. The direct-coupled video am-
plifier circuit shown in Fig. 33-28 is 
used in a number of television receivers. 
With some modification in individual 
models, it is the basic circuit used in 
most direct-coupled video amplifier stages. 
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Circuit Analysis. With no coupling 
capacitors, and the plate of one tube at 
approximately the same potential as the 
grid of the next, care must be taken that 
correct operating voltages are provided 
for the various elements of the amplifier 
tubes. It should be remembered that a 

PART NO F UNCTION 

INPUT 

V105A Picture second 
(CALS) detector 

C126 Plate filter 
(10 mmf) capacitor 

L 103 Series-peaking 
(93 uh) coil 

R212 
(10 K) 

Shunting resistor 
for series-peaking 
coil 

R119 Load Resistor 
(5600 ohms) 

L102 Shunt-peaking 
(180 uh) coil 

R213 
(39 K) 

R121 
(100 ohms) 

Shunting-resistor 
for shunt-peaking 
coil 

Cathode biasing 
resistor 

C167 Cathode filter 
(560 mmf) capacitor 

V106A 
(12AU7) 

L104 
(less than 
3 ohms) 

C128 
(47 mmf) 

R219 
(2200 ohms) 

C194 
(270 mmf) 

R126 
(3300 ohms) 

L106 
(250 uh) 

R129 
(220 K) 

First video 
amplifier 

4.5 mc trap 

Part of 4.5 
mc trap 

Voltage-dropping 
and filter resistor 

Filter capacitor 

Plate load 
resistcrr 

Shunt-peaking 
coil 

Plate voltage 
dropping resistor 

faulty component can radically change a 
few operating voltages directly, and many 
others indirectly, but just as seriously. 
Therefore a clear understanding of the 
components of the circuit and their func-
tion is essential. 

FUNCTION OF COMPONENTS 

REM 4RXS 

TO FIRST VIDEO AMPLIFIER 

Note that the voltage to ground at the plate of the second detector, 
-120 volts, is the same as at the grid of the first video amplifier. 

Filters i-f from the composite video signal 

Part of high- frequency compensating circuit. 

The coil is wound on the resistor. Resistor broadens resonance curve 
of coil, and prevents excessive peaking of the high frequencies. 

Develops negative composite video signal output. 

Part of high-frequency compensating circuit. 

Broadens peaking-action of the shunt-peaking coil. Coil is wound 
directly on the resistor. 

Provides self-bias for the cathode-grid circuit of the first video amplifier. 

Bypasses the high frequencies to counteract some of the degeneration 
resulting from cathode resistor, R121. This gives additional high- frequency 
compensation. 

FIRST VIDEO AMPLIFIER 

The circuit is direct-coupled, with grid return going to the most negative 
point in voltage supply, - 120 volts. Although all voltages to ground are 
negative, voltages relative to cathode are: grid -3 volts, and plate 
+97.8 volts. 

Acts with C128 as a trap to eliminate the 4.5 mc beat frequency between 
the picture and sound carriers, which may appear in the output of the 
picture second detector. 

See above. 

Resistor element in direct-coupling between plate of first and grid of 
second video. Isolates take-off point for sync. circuits from grid of 
second video amplifier. 

Passes high-frecluency components of the video signal across R219. 
Acts as part of filter circuit to partially separate the video signal from 
the sync signals which are passed along to the sync circuits. 

Determines amplifier gain for middle range of frequencies. 

Serves usual function of high-frequency compensation. Since it is 
necessary to separate high frequency components from the sync circuit 
takeoff, the usual series-peaking coil is not included in the plate 
circuit of the first video amplifier. 

Acts as isolating resistor and voltage dropping resistor, connecting to 
the + 215 volt tap on the power supply. 
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V106B 
(12A1.17) 

Secolt1 ,, ideo 
amplifier 

1122 PICTURE 
(10 K) contrast control 

R123 Cathode 
(220 ohms) resistor 

C127 Cathode filter 
(560 mmf) capacitor 

R124 Voltage divider 
(12 K) resi stor in 

cathode circuit 

L 105 Series-peaking 
(100 eh) coil 

R125 
(39K) 

S F 

Shunting-resistor 
for series-peaking 
coil 

R127 Part of plate 
(5600 ohms) load resistance 

C129 Filter capacitor 
(120 Inmf) 

R128 Part of plate load 
(8200 ohms) resistance 

L107 Shunt-peaking coil 
(250 uh) 

R130 Part of voltage 
(2.2 meg.) divider 

R132 Part of voltage 
(2.2 meg.) divider 

C130 
(.047 mf) 

C131 
(0.1 mf) 

R131 
(50 K) 

R209 
(12 K) 

Coupling 
capacitor 

By-pass 
capacitor 

BRIGHTNESS Potentiometer controlling the bias voltage applied to the cathode of the 
control kinescope. 

COND VIDEO AMPLIFIER 

Operating voltages are dependent on matching the - 10.3 volts on the grid. 
(determined by the requirements of direct coupling to the first video 
amplifier). Although grid and cathode voltages to ground are negative, 
voltages relative to cathode are: grid -4.7 volts and plate + 139.6 volts. 

Controls the voltage applied to the cathode. This adjusts the cathode-
grid bias to determine the gain of the stage and, therefore, the picture 
contrast setting. 

Determines the minimum cathode bias with the picture contrast control set 
at ( 3), completely out of the circuit. 

Provides partial high-frequency compensation in the cathode circuit. 

Part of voltage divider made up of R124 ( 12K) connected to the - 120 volt 
tap, on power supply, the PICTURE contrast control (maximum 10K), and 
R123 ( 220 ohms) connected to ground. 

Ilas usual function of high-frequency compensation. 

lias usual function of preventing excessive high- frequency peaking. 

Serves as part of coupling circuit to kinescope grid. The complete circuit 
is explained later. 

Bypasses the a-c component of the video signal around load resistor R127. 

The compensated video signal develops across this load resistor in series 
with the shunt-peaking coil, L107. 

Performs the usual function of high-frequency compensation. 

INPUT TO KINESCOPE 

Serves as part of voltage divider network to obtain the proper voltage at 
the kinescope grid. 

Acts with R130 to form voltage divider. 

Couples a-c component of compensated video signal to the kinescope 
grid. 

Serves a s return circuit of the a-c component of the video signal from the 
kinescope cathode. 

Limiting 
resistor 

In series with the BRIGHTNESS control to limit the cathode bias. 

Voltage Analysis. — Voltage analysis 
and voltage distribution.for this direct-
coupled video amplifier is similar in many 
ways to that of the simple direct-coupled 
circuit explained in Section 33-6. Addi-
tional stability is gained by separating 
the plate currents of the two tubes. The 
plate-cathode circuit for the second video 
amplifier has its B+ source at the +215 
volt tap on the power supply, with the 
cathode circuit returning to ground. There 
is a connection from the cathode circuit 
to the - 120 volt tap on the power supply, 
but this is only to obtain cathode bias 
through a suitable voltage divider. The 
plate-cathode circuit for the first video 
amplifier also has its B+ source at the 
+215 volt line of the power supply, but 
the voltage at the plate is dropped to 

-19.2 as the result of a voltage divider 
arrangement similar to that explained in 

Section 33-6. The negative voltage at the 
plate results from the fact that the cath-
ode return connects to the- 120 volt power 
supply tap, and the tube itself is part of 
the voltage divider network. 

Separation of the plate currents of the 

two tubes enables the plate current of 
the second video amplifier to be varied 

without affecting the operation of the first 
video amplifier. This permits the instal-
lation of the PICTURE contrast control 
in the cathode circuit of the second video 
amplifier. This control varies the oper-
ating bias between cathode and grid of 
the second video amplifier, varying the 
gain and, therefore, the contrast between 
the light and dark elements of the picture. 
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The 4.5-mc Trap. — In the plate cir-
cuit of the first video amplifier, a 4.5-mc 
trap, L104 shunted by C128, is used. 

If the picture i-f tuned circuits and 
trap circuits are properly aligned, there 
should be adequate separation of the 
sound and picture carrier signals at the 
output of the second i-f amplifier stage. 
However, if the separation is not com-
plete ( for example, when the FINE TUNING 
control is not adjusted exactly at the 
point of maximum sound), it is possible 
for a 4.5-mc signal, the beat frequency 
between the picture and sound carriers, 
to appear in the output of the picture 
second detector. If not removed, this will 
show up as an interfering signal in the 
kinescope picture. The inclusion of this 
4.5-mc trap, in the video amplifier, makes 
possible greater leeway in adjustment of 
the FINE TUNING control. 

The 4.5-mc sound trap is checked by 
tuning to the station that gives the strong-
est signal, then detuning the receiver 
from the correct fine tuning point. If a 
4.5-mc beat interference appears in the 
picture, adjust L104 until the beat is 
eliminated. 

It is of interest to note that in newer 
receivers, this trap is not adjustable in 
the field. 

Coupling Circuit to the Kinescope 
Grid. — Although a d-c restorer is not 
needed in the direct-coupled amplifier, a 
special circuit arrangement is necessary 
to obtain correct biasing and operating 
voltages at the kinescope. For example, 
the kinescope first anode must be about 
300 volts more positive than the grid. If 
the kinescope grid were at the same 
potential as the plate of the second video 
amplifier, +134 volts, a kinescope first 
anode voltage of +434 volts would be 
required. The special circuit eliminates 
the need for a higher voltage output from 
the low-voltage power supply. 

The a-c and d-c components of the 
composite video signal output of the 
second video amplifier are separated and 
passed on through different paths to the 
kinescope grid. Capacitor C129 bypasses 

the a-c component around resistor R127. 
The charge on this capacitor represents 
the d-c component of the signal. The a-c 
component develops across load resistor 
R128 in series with shunt-peaking coil 
L107. This a-c signal is passed on to the 
kinescope grid through a coupling ca-
pacitor C130, with capacitor C131 serv-
ing as a return to the kinescope cathode. 
The d-c component, developed across 
resistor R127 and charging capacitor 
C129, is applied to the kinescope grid 
through the voltage divider network R130 
and R132. 

The voltage divider network is needed 
to obtain the correct d-c voltage at the 
kinescope grid, in relation to the kine-
scope first anode and the second video 
amplifier plate. The bottom end of the 
voltage divider is connected to the - 120 
volt tap of the power supply. With the 
kinescope grid connected to the junction 
point of these two resistors, the voltage 
at the grid, measured to ground, would 
not be the same as the voltage at the 
second video amplifier plate, but sub-
stantially lower. 

Since the voltage divider is connected 
between potential points of +134 and - 120 
the mid-point between these two values 
is +7 volts to ground. This gives ap-
proximately the correct relationship to 
the +322 volts at the kinescope first 
anode. The value shown on the schematic 
+14 volts. The difference is the charge 
on capacitor C129, which represents the 
d-c component of the video signal. The 
biasing level between the grid and cath-
ode of the kinescope is set by adjusting 
the BRIGHTNESS control ( R131) to vary 
the voltage at the kinescope cathode. 

ADDITIONAL VIDEO AMPLIFIER CIRCUITS 

33-11. — Two types of video amplifier 
circuits not described previously are 
shown in Figs. 33-29 and 33-30. One is a 
single stage amplifier feeding its output 
to the kinescope cathode. The other 
combines direct-coupling from the detector 
and capacitive coupling between the 
video stages in a two-stage amplifier, 
which is explained in the next section. 



Additional Video Amplifier Circuits 
33-2 7 

V105 

6AL5 L103 
ZNO. CIET 42. 38 Num. 

CI22 C1ZS A-6-C RECT. oitp4. 10447- 
i F 270 100 -0.52V. 

..-24SX 
INPUT-e—I 

L102 sni.rtit 
1-F COIL 
24.351K 

3 

R209 
18 K 

Agc 

3 

Y 

R124 

ICI26 
10 

321 

RI26 
5600 

1_104 
120 MU.N. 

33 K ISLU-RED 

R122 
100 K 

3 

); 4 

V106 

12AU7 
1ST 4. 2ND 
VIDEO AMP. 

+1 IV. 

+ 46V. 

Y 

5127 
220 

L107 
36 MU.14. 
BLK 

L 106 
120 MU. M 
SLU-REO 

C1291 
47 

CI31 
›; R130 0.1 

560K 

R212208 1; cm 
mols 3 

R12 9 

2 3P1X50.00ONTR. 

gui LiOS 
44 
  MC. 
TRAP 

V 107 A 

12AU7 
OC. RESTORER 

C192 
.047 

R137 C133 
4700 0.1 

R131 RI35 
4700 6900 

L106 
« 500 MUN. 

6R14-14/1417 

+2 0 V. 

R121 
820K 

3 

RI36 
390K 

9021 C1931.1R5261K4 

CI28 
1500 

TO PLATE OF   

t" 3' 3" PICTURE 
1 F. AMPLIFIER 

R2.10 
18 K 

R212 C 160 C 
18 K 10 MP.' 

R2I1 
K 

70 V. 

Fig. 33-29 

Circuit Analysis. — One feature of 
this circuit is the fact that the • most 
negative point of the power supply is at 

PART NO. 

V105 
(6AL5) 

C126 
(10 mmf) 

L103 
(36 µh) 

L104 
(120 Litt) 

R126 
(5600 ohms) 

V106 
(12AU7) 

R127 
(220 ohms) 

R129 
(3500 ohms) 

R122 
(100 K) 

L105 

• 

R217 
47 K 

R125 
R216 150K 
390K 

4 

5105 
A-6-C CONTR. SW 
( 3 - POSITION) 

TO KINESCOPE 

C/RID 

+ 55v 

ground potential. No negative voltages 
from the power supply can be applied to 
the tube elements. (Refer to Fig. 33-29). 

FUNCTION OF COMPONENTS 

FUNCTION REMARKS 

OUTPUT OF PICTURE SECOND DETECTOR 

Picture second 
detector 

Plate filter 
capacitor 

Series-peaking 
coil 

Shunt-peaking 

Plate load 
resistor 

FI 

First video 
amplifier 

Cathode 
resistor 

PICTURE 
contrast control 

Part of voltage 
divider in cathode 
circuit 

Part of 4.5 mc trap 

One section of a 6AL5. (The other section is used as the AGC 
rectifier.) Contact potential and rectification of signal voltage gives 
a minimum voltage of -0.52 volts at the plate of the diode picture second 
detector. 

Bypasses i-f component of signal to ground. 

High-frequency compensation. 

High-frequency compensation... 

The negative-going composite video signal including the d-c component 
is developed across the load resistor in series with the shunt peaking 
coil. Since this circuit is also the grid circuit for the first video amplifier, 
a minimum bias voltage of -0.38 volts to ground appears at the grid of the 
video amplifier. 

RST VIDEO AMPLIFIER 

The first video amplifier operates in such a way that the tips of the sync 
pulses are kept close to cutoff at all signal levels. This is explained 
later. 

Limiting resistor in cathode circuit to ground. Acts as part of a voltag 
divider to determine voltage applied to the cathode. 

Varies the cathode voltage, thus varying the negative bias between cathode 
and grid. This adjusts the gain characteristics of the stage and, therefore, 
the picture contrast. 

Acts with R127 and R129 as voltage divider to determine voltage applied 
to the cathode. 

Acts with C129 as a 4.5-mc trap to eliminate any 4.5-mc beat frequency 
from picture and sound carriers that get into the video stage. 
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C129 
(47 mmf) 

11131 
(4700 ohms) 

L106 
(500 ah) 

C160 
(10 mf) 

R212 
(18 K) 

R 210 
(18K) 
R211 
(18 K) 

C131 
(0.1 mf) 

Part of 4.5-mc trap Acts with L105 as 4.5 nic trap. 

Plate load resistor 

Shunt-peaking coil 

Filter capacitor 

Plate filter 
resistor 

Dropping 
resistors 

Coupling 
capacitor 

V106B Second video 
(12AU7) amplifier 

11130 Grid 
(390 K) resistor 

R128 Cathode 
(220 ohms) resistor 

L107 Series-peaking 
(36 iih) coil 

R135 Plate load 
(6800 ohms) resistor 

L108 Series-peaking 
(120 uh) coil 

C192 Coupling 
(.047 mf) capacitor 

V107A 
(12AU7) 

R137 
(4700 ohms) 

C133 
(0.1 mf) 

R136 
(390 K) 

R121 
(820 K) 

R125 
(150 K) 

R218 
(390 K) 

Acts with shunt-peaking coil to develop output video signal for first video 
amplifier stage. 

High-frequency compensation. 

Acts as video return to ground. One section of an electrolytic capacitor. 
Acts with R212 as low-frequency compensation filter. 

In addition to serving as plate filter resistor for low-frequency compensation, 
it is part of the voltage divider providing cathode voltage. 

These two resistors, connected in parallel, form a 900 ohm dropping resistor. 
This is in a circuit common to both the first and third i-f and the first video 
plate voltage sources. The purpose and action is explained later. 

Couples compensated video signal to grid of the second video amplifier. 

SECOND VIDEO AMPLIFIER 

Conventional circuit, self biased. 

Acts as grid resistor to apply video signal to the grid of the second video 
amplifier. Since the resistor is grounded, the grid is at ground or zero 
potential. 

Acts as self-biasing resistor developing a normal bias of +2.6 volts to 
ground. The grid-cathode bias is, therefore, -2.6 volts. 

High-frequency compensation. 

Develops video signal output of the second video amplifier stage. 

Additional series-peaking coil for added high-frequency compensation. 

Couples compensated video signal to the kinescope. 

D- C RESTORER 

D-c restorer One section of a 12AU7 serves the dual function of sync separation and 
d-c restorer. The grid acts as the plate of the d-c restorer circuit. 

Isolating Prevents loss of high frequencies through the d-c restorer capacitance 
resistor to ground. 

Coupling Coupling capacitor to the d-c restorer. 
capacitor 

Shunt resistor 
for d-c restorer 

Isolating resistor 

AGC bias 
resistor 

Shunting resistor 

Develops d-c restorer voltage to be applied to the kinescope grid as the 
restored d-c component of the video signal. 

Prevents loss of high frequencies through the d-c restorer capacitances 
to ground. 

Couples some AGC voltage for high level signals to the sync separator 
d-c restorer grid. 

Reduces value of shunting resistance for the d-c restorer circuit for low 
signal levels. This resistor is connected into the circuit by the setting 
of the AGC switch in position 3, in which position AGC is completely 
eliminated. 

Video Amplifier Circuit. — The first 
video amplifier of the circuit in Fig. 
33-29 is sufficiently different from cir-
cuits previously described to merit 
additional discussion. This stage oper-
ates with a plate voltage ranging from 
about 48 to 125 volts, depending on the 
signal strength and the setting of the 

contrast control, R129. Appropriate varia-
tion of the source of plate voltage is 
desirable in order that the tips of the 

sync pulses are kept close to cutoff at 

all signal levels. 

Variation of the plate voltage source 
involves an automatic tie-in with certain 
of the picture i-f stages. The bias of the 
first, second and third picture i-f stages 
varies in accordance with AGC, which 
depends on signal strength. This is a 
normal arrangement. In addition, however, 
the plate source voltage for the first and 
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third picture i-f stages is supplied through 
a 9,000-ohm dropping resistance. The d-c 
plate currents of these i-f stages, which 
vary in accordance with the variations in 
signal strength, pass through this resist-
ance and cause a varying voltage drop 
across it. 

This signal-varied voltage is filtered 
and becomes a part of the plate voltage 
source for the first video amplifier. It 
also is a part of the voltage applied to 
the cathode voltage-divider network. Thus 
there is an automatic adjustment of the 
plate voltage, and also of the cathode 
bias of the first video amplifier, with 
changes in strength of the signal in the 
picture i-f stages. This keeps rhe tube 
operating so as to hold the tips of sync 
pulses in the composite video signal 
close to cutoff, compressing any noise 
pulses. 

D- C Restorer Circuit. — The basic d-c 
restorer circuit of the video circuit in 
Fig.33-29is similarto that previouslyde-

scribed. However a triode is used instead 
of a diode, the grid of the tube acting as 
diode plate for d-c restorer action. The 
tube serves the dual function of d-c re-
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storer and sync separator. 

There is a tie-in with the AGC circuit 
through resistor R125 ( 150 K) in the grid 
circuit. A negative AGC voltage, varying 
with signal strength, is applied to the 
grid of the tube. While this has some ef-
fect on d-c restoration, its primary pur-
pose is that of improved sync separation. 
For weak signals, the AGC switch is set 
at position 3. In this position AGC is 
completely removed with the grounding of 
the AGC side of resistor R125. At the 
same time R218 ( 390 K) is connected into 
the cathode circuit, shunting R136 ( 390K). 
The net effect for weak signals is im-
provement of both d-c restoration and sync. 

Single-Stage Video Amplifier. — The 
video amplifier may use one or two stages, 
as long as it provides the amount of peak-
to-peak video signal needed. When enough 
video signal output is available from the 
detector, one video amplifier stage can 
provide the video signal amplitude re-
quired at the kinescope. Such a circuit 
is shown in Fig. 33-30. The video stage 
uses the 6AG7 power pentode in a typical 
a-c video amplifier circuit. Four picture 
stages are used to supply i-f signal for 
the crystal diode detector. The output 

LIIG 
45 MC 
TRAP 
BLU-YEL 

000 

c2I3 
47 C 150 R 162 

7.107V I 47 I sap 

3 

e ° °J -IC 149 
1.0047 

J 104 

R2I8 
200K 

BRIGHTN'S 
CONTR. 

C20303 CI51 

I SMF Nmul 15 
GR 

C152 

2 

Fig. 33-30 

R 169 
18 K 

3 

5164 
5600 

+218V 

GEN 2 

+550V. RED 10 

17500v 

3 
5167 

a 15 K 
T PICTURE 
CON TR . 

r. 2 
0:1 

5166 
2214 

4.1 

;/ eCe<8 

RI70 C153 
150 K 0.22 

V 
+135V 

PEN 

LII4 
ISO mow 
ANTYEL 

5171 
1.£70K 

GLASS 

METAL 



33-30 
TELEVISION SERVICING COURSE, LESSON 33 

is a negative going signal which, inverted 
by the action of the single stage of video 
amplification, gives a positive signal 
output, requiring cathode input to the 
kinescope, as explained previously. Since 
the video amplifier is direct-coupled to 
the picture second detector, there is no 
loss of the d-c component of the composite 
video signal, and a d-c restorer is not 
needed at this point. 

The picture (contrast) control R167 in 
this receiver does not vary the gain of 
the video amplifier. The gain is always 
at maximum. Instead, the picture control 
is a potentiometer that is used to tap 
off part of the video amplifier output. The 
video signal voltage from the variable 
arm to ground is applied to the kinescope 
cathode. The condensers C150, C151 and 
C152compensate for changes in frequency 
response of the kinescope input circuit 
for different contrast control settings. 

PART II — TROUBLESHOOTING VIDEO 
AMPLIFIERS 

VIDEO TROUBLES AND TESTS 

33-12. Troubleshooting the video am-
plifiers follows the procedures previously 
described: 

1. Localize to a section. 
2. Localizing to a stage. 
3. Finding the defective component. 

We assume that the sound and raster 
are both normal but the picture is not. 
One of three things may be wrong with 
the picture: 

Fig. 33-31 

Fig. 33-32 

(from PIC T -0-G U ID E ) 

Fig. 33-33 

(a) No picture. (See Fig. 33-31) 

(b) Weak picture-snow. (See Fig. 33-32) 

(c) Smeary picture. (See Fig. 33-33) 

Any of these three possibilities might 
indicate trouble either in the picture i-f 
section or in the video amplifier section. 
In order to determine that this trouble is 
caused by either the picture i-f section 
or the video amplifier section, check to 
see if the raster is very snowy. If you 
have no picture but a lot of snow, the 
trouble probably precedes the converter 
and is not in either one of the two sec-
tions just mentioned. To localize the 
trouble of no picture to either of these 
sections, we have several methods. One 
way is to measure the d-c voltage at the 
output of the picture second detector. 
Vary the fine t uning control or channel 
switch to make sure you are not lust 
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reading rectified noise voltages. If you 
get a d-c output from the picture second 
detector and it is due to signal, you know 

that the i-f and detector stages are oper-
ating and that the troubles lies in the 
video amplifier section. 

Another localizing method is accom-

plished through the use of an a-c meter. 
This consists of measuring the effect of 
the signal at the grid of the first video 
amplifier. The lack of a signal indication 

at this point shows either the picture 
detector or picture i-f stages to be de-
fective. If you do get a signal at the grid 
of the first video amplifier and no picture, 
the video amplifier section is defective. 

Still another way of localizing the 
trouble is by means of 60-cycle signal 
injection. In some amplifiers, it is pos-
sible to tap off the filament voltage and 
feed it directly into the amplifier. A 
method sometimes used is to touch the 
grid with a finger, using stray 60-cycle 
pickup. Neither method is very effective, 
because of the low resistance found in 
the grid circuit of many video amplifiers. 
In the first case, this low resistance 
forms a portion of a voltage divider in 
series with the reactance of a condenser 
going to the filament supply. Because the 
grid resistance is low, insufficient 60 
cycle voltage will appear at the grid to 
give an unmistakeable indication. 

In the second case (finger) the method 
is also impractical because of the low 
input impedance and the possibility of 
shock hazard from minus 100 volts. What 
we need is a method of injecting a 60-
cycle signal into the video amplifier with 
sufficient amplitude to give us a very 
definite indication. As originally de-

scribed in Lesson 25, we can do this as 
follows: Connect a wire jumper, in series 
with a 0.1 microfarad ( or larger) condenser 

from the plate of the audio output tube to 
the grid of the first video amplifier. Turn 
the volume control up full and place your 
finger on the center lug. ( This uses the 
stray body pickup as before,but also uses 
the audio amplifier to give a good strong 
signal.)If the video section is OK, there 
will be a very pronounced indication on 
the kinescope. 

Weak Picture. — If we get a weak pic-
ture but sound and raster are OK, we may 
determine whether the trouble is before 
or after the converter stage. The clue is 
to look for snow in the picture. If the 
picture is very snowy the trouble precedes 
the converter. If not, the trouble is either 
in the picture i-f section or video ampli-
fier section. 

One way of determining the section at 
fault is to measure the picture detector 
d-c output voltage. This presupposes a 
knowledge of the normal reading for the 
particular type set involved as well as 
the location and channel. If the output 
voltage is appreciably less than normal, 
the trouble lies with the picture i-f sec-
tion. Otherwise, it is in the video ampli-
fier section. It is difficult to say here 

what a " normal" d-c output voltage would 
be, but a typical reading is about 3 volts. 

The best way to determine the normal 
detector output voltage is to measure it 
in several good sets of the same type. 

While the meter method just described 
is probably best, there is another method 
to localize the trouble to either the pic-

ture i-f or video amplifier sections. This 
consists of taking a wire jumper in series 
with a condenser (. 05 microfarad or so) 
and connecting the output of the picture 
detector directly to the signal element 
(grid or cathode, as the case may be) of 
the kinescope tube. If the picture i-f 
section and detector are ok, you should 

eet a picture (even if a rather weak one) 
on the kinescope. In doing so, it is nec-
essary to disable the video amplifier, 
usually .by pulling out the tube or tubes. 
In the case of direct coupled video am-
olifiers, this may create a special problem 
which will be treated in a later section. 

As in the previous example of meter 
measuring, this method also requires 

knowledge of what to expect in the way 
of picture strength on the kinescope 
screen. This prior knowledge is obtained 
by making this test on several good sets 
and noting the " normal" picture strength 
on the kinescope screen. With this as a 
standard, you can then co ahead and 
check other sets to compare the output 
of the picture second detector against the 
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standard. If, on the particular set you are 
checking, the picture is unusually weak, 
the trouble lies in the picture i-f section. 
On the other hand, if the detector output 
is normal, the trouble lies in the video 
amplifier section. 

Negative Picture. One of the troubles 
sometimes encountered is a negative 
picture on the kinescope. That is, all the 
parts of the picture normally black appear 
white and vice versa. In order for a pic-
ture to appear negative, the polarity of 
the signal fed ro the kinescope must 
be reversed. We can see how a negative 
picture may appear, from the following 
example Let's assume that we have a 
two stage video amplifier and that the 
signal is fed to the kinescope grid. The 
kinescope grid signal normally has nega-
tive sync polarity. Suppose one ol the 
video amplifiers should become inopera-
tive. The signal can still feed through 
this stage by capacity coupling. How-
ever, we would lose the 180 degrees 
reversal, of polarity produced by the 
stage. This means that the picture signal 
polarity would be reversed on the kine-
scope grid, and the picture would be 
negative and ( because one stage is mis-
sing) weaker. The same effect may occur 
in a single stage video amplifier if the 
stage becomes inoperative. A negative 
picture produced in this way can be 
caused by the video amplifier; it cannot 
be caused by any stage preceding the 
detector. Until the signal is rectified by 
the picture second detector, it is an a-c 
wave and has no definite positive or 
negative polarity. 

Smeary Picture. As in the case of a 
weak picture, this could be the result of 
a defective picture i-f section or video 
amplifier section. To localize this trouble 
to one section or the other, we may use 
the same method described immediately 
preceeding this section, in which we 
disable the video amplifier and connect 
the kinescope to the output of the second 
detector. If the smear does not appear 
when this is done, the fault lies with the 
video amplifier. On the other hand, if the 
smear still persists, the fault is probably 
in the picture i-f section. 

Localizing To The Kinescope. No 
picture, or weak picture troubles some-
times result from a defective kinescope. 
The best method for checking this is to 
substitute a kinescope known to be good. 
This method is not always possible and 
other means must then be used. To (le-
termine if the kinescope itself is affect-
ing the signal input to it, use an a-c 
meter to measure the signal at the kine-
scope grid ( or cathode if so connected) 
with the kinescope plugged in. If you get 
no reading on the meter, unplug the kine-
scope. If there is still no reading, the 
trouble precedes the kinescope. However, 
if any appreciable change in reading 
occurs as the kinescope is plugged in or 
out, you must suspect the kinescope or 
its associated circuits of being defective. 

LOCALIZING TO ONE STAGE 

33-13. — Let's assume we have deter-
mined the video amplifier is at fault. 
Since this may consist of a two stage 
circuit, we first have to localize the 
trouble to an individual stage. In this 
case we are now assuming the trouble to 
be either no picture at all or a weak picture; 
the case of a smeary picture will be dis-
separately. This may be done by signal 
injection and signal tracing. As an in-
dicator we may use either the kinescope 
or an a-c meter, as illustrated in Fig. 33-34. 

First, let's see how this works out 
with the kinescope. We need a 60-cycle 
signal of sufficient amplitude, obtained 
by the method previously described. Inject 
this signal first into the grid of the kine-
scope. If you get a "normal" indication, 
the kinescope and its grid circuit can be 
assumed to be OK. Next inject the signal 
into the grid of the second video amplifier 
(if there are two) and observe the indica-
tion on the kinescope. If this is " normal" 
as compared to an indication on a good 
set, the second stage is OK. If not, the 
trouble lies in this stage. If the second 
stage is OK, move the injected signal 
back to the grid of the first video ampli-
fier and compare the indication ( if any) 
with the " normal". If the second stage 
was OK and the indication now is not, 
the trouble is in the first stage. If the 
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first stage is OK, the trouble could still 
be between the output of the picture 
second detector and the input to the first 
video amplifier. Therefore, if this seems 
to he the case, move the point of signal 

8-1-

observe 60 cps 

hum indication 

on kinescope 
screen 

roster but 

no picture 

on screen 

injection back to the detector output and 
observe the kinescope indication. If this 
is not correct, the trouble lies between 
the detector output and the grid of the 
first video amplifier. 
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A similar procedure may be followed 
using an a-c meter as an indicator, rather 
than the kinescope. In this case connect 
the a-c meter across the signal input cir-
cuit to the kinescope ( grid or cathode as 
the case may be). No signal injection is 
needed in this case. You measure the 
actual signal picked up by the set, If no 
reading is obtained at the input kinescope 
circuit, move the meter back one stage at 
a time until the signal appears. When you 
do get it, you know the trouble is in a 
circuit following the meter position. The 
meter method may be preferred by some 
servicemen because a more definite in-
dication is given. However, either method 
will be found satisfactory with practice. 

TROUBLESHOOTING A -C VIDEO AMPLIFIERS 

33-14. — The basic principles of trouble-

shooting a-e amplifiers, including video, 
was discussed in considerable detail in 
Lesson 26. These principles are, therefore, 
applicable here. To illustrate by a prac-
tical example, we are going to examine a 
schematic of a typical video-amplifier, 
shown below. 
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The first video amplifier (6AU6) uses 
fixed bias on its grid. If a cathode-to-grid 
leakage condition should develop in the 
tube, this bias would be reduced or 
eliminated. As a result, the plate voltage 
of the first video amplifier would be /ou, 
due to excessive plate current. Another 
clue would be to look at the picture. The 
loss of bias would cause a compression 
of the picture signal due to saturation 
plate current. Due to this the d-c restora-
tion would not be correct and the retrace 
lines would probably show. The picture 
would also tend to be darker than usual. 
The solution here of course, is a new 
tube. The condition of low plate voltage 
could also be caused by an open peaking 
coil. For example in the plate circuit of 
the first video amplifier we have a peak-
ing coil L189 which is paralleled by R139, 
a 22,000 ohm resistor. The coil has a d-c 
resistance of only 5 ohms, so that the 
parallel combination of coil and resistor 
have a resistance of about 5 ohms. How-
ever, if the coil should open up, the plate 
circuit resistance will increase to 22,000 
ohms. This will cause a condition of low 
plate voltage and may show up as a smear 
in the picture. A somewhat different 
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situation exists in the case of a coil 
such as L190 which has no parallel re-
sistor across it. If this coil opens up, 
there will be no plate voltage and proba-
bly no picture, although a weak negative 
picture may appear as a result of grid-
plate capacity in the tube. Some peaking 
coils are wound on a 10 rnegohm resistor. 
The resistor is used simply as a coil 
form and has no electrical function. In 
this case you should measure 10 megohms 
across an open coil— if such a resistance 
can be measured at all on your ohmmeter. 
The plate voltage would be very low or 
almost zero. A similar situation in respect 
to peaking coils also exists in the sec-
ond video amplifier. Other troubles which 
affect the d-c potentials of an a-c ampli-
fier have been thoroughly covered in 
Lesson 3. If you don't remember these 
clearly, you might go back and review 
them. 

Smear.— If we have a smeared picture 
and have localized the trouble to the 
video amplifier, it is important to realize 
that it may be caused by any one of 
several things. In general, smear caused 
by the video amplifier is due to any 
factor which changes the low or high fre-
quency response of the amplifier. Thus 
any components which are specifically 
inserted to compensate for frequency 
response may cause smear if defective. 
In addition, other components may also 
cause smear. Let's investigate this with 
the aid of Fig. 33-35. Let's begin at the 
grid of the first video amplifier. An open 
coupling condenser (C138, C140, C141) 
would give us extremely poor low fre-
quency response and cause smear. In 
connection with low frequency response 
we have the compensating network C223B 
and R141 in the plate circuit of the first 
video amplifier. An open condenser or 
increased resistor in this part of the 

circuit could cause smear due to incorrect 
low frequency response. 

Improper. high frequency response can 
also cause smear. The high frequency 
response is affected by the peaking coils 
and also by the value of the plate load 
resistor ( R140 or R147). A simple way to 
check open peaking coils is to short a 

piece of wire across them and see it the 
trouble is alleviated. Any defects in 
these components may cause the picture 
to smear. It is conceivable that smear 
might be caused by a defective tube 
having severe grid-to-cathode leakage. In 
this case, the relatively low grid-to-
cathode leakage resistance shunts the 
normal grid resistor, reducing its value. 
This has the effect of reducing low fre-
quency response and may cause smear. 

No Control of Brightness. — While not 
a trouble actually due to a defective 
video amplifier, the 1 ack of brightness 
cQntrol may occur as the result of a de-
fective condenser in an a-c video ampli-
fier, and so concerns us here. In the case 
of the circuit of the 8TS30 ( or 630TS) 
receiver, there are three condensers which 
may cause this trouble. The schematic 
diagram appears in Fig. 33-35 and a sim-
plified diagram of the circuit now under 
discussion is in Fig. 33-36. 

This circuit shows the components 
between the plate of the second video 
amplifier and the grid of the kinescope. 
The three condensers which may prevent 
control of the brightness are C141, C142 
and C143. A short, or leakage in any one 
of these three condensers may bring about 
this trouble. It is possible to localize 
the defective condenser out of three by 
voltage measurements. Let's take C141 
first. If this is shorted or leaky, a low 
positive or a low negative voltage may 
appear on the kinescope grid instead of 
the normal negative voltage. However, a 
shorted C142 could have the same effect. 
'Ve may decide between the two condens-
ers by a simple d-c voltage measurement. 
Measure for a d-c voltage drop across 
R148 (grid side positive). If you get one, 
C141 is defective. If not, the positive 
voltage is due to a shorted C142. The 
reasons behind this is as follows: If 
C141 is shorted, current will flow through 
R148 producing a voltage drop across it. 
The complete current path is as follows: 
From Plus 135 volts, through R147, L192, 
C141, R148, R149, R150, R151, R152 to 
minus l 00 volts. If you suspect C141 (or the 
others) of being leaky or shorted, check 
the condenser by a voltage measurement. 
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-0- 135 V 

Fig. 33-36 

Disconnect the end of the condenser op-
posite the end going to the supply volt-
age. Measure for a d-c voltage from the 
now disconnected end to ground with a 
high resistance voltmeter. If you measure 
any voltage, the condenser is defective. 
If C142 was shorted, the complete current 
path would be: From plus 135 volts, 
through R147, R146, C142, V114B, R150, 
R151, R152 to minus 100 volts. If a d-c 
voltage drop appears across R146, you 
will know that C142 is shorted. 

A third possibility exists, and that is 
a short in C143. If this condenser should 
short, the brightness control voltage ap-
plied to the grid circuit would be zero 
regardless of the setting of the control. 
This can be checked by measuring the 
negative voltage across the condenser. It 
should be :1 bout the same as the voltage 
at terminal 2 of the brightness control. If 
the voltage across C143 is appreciably 
less (due to current in R151), the con-
denser is defective. 

brightness 
control 

In addition to defective condensers, a 
short to ground due to wiring, sockets or 
similar causes could also cause this 
brightness trouble. In this case the volt-
age would be zero at the grounded point 
but would appear at the other end of the 
resistor which was grounded. 

This same symptom may be caused by 
a defective kinescope. To check, unplug 
the kinescope and see if this changes the 
bias. If it doesn't, the kinescope is not 
causing the trouble. 

TROUBLESHOOTING D-C VIDEO AMPLIFIERS 

33-15. A mplifiers. — This poses some 
additional problems not present in a-c 
amplifiers. From the discussion of d-c 
amplifiers presented earlier in•this lesson, 
we saw that the voltages in both stages 
are interdependent. F or instance, changing 
the grid voltage in the first video am-

plifier, could change every other volt-
age that is in both stages including the 
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kinescope grid voltage and in some re-
ceivers, even the AGC voltage. Thus, 
when you measure an incorrect voltage in 
one oart of a d-c amplifier, remember that 
it may be the result of a defeci in an 
entirely different portion of the amplifier, 
or even in a circuit, other than the am-
plifier proper. This will be shown by 
several examples with the aid of Fig. 
33737. 

However, before getting to this, we 
have the problem of localizing picture 
troubles to either the video amplifier or 
picture i-f sections. One way of doing this 
is to disable the video amplifier and feed 
a signal from the picture second detector 
into the kinescope signal element (grid or 
cathode as the case may be). Fig. 33-40 
shows how the video amplifier of a re-
ceiver is jumped with a condenser for test 
purposes. The disabling may be accom-
plished by pulling out the video amplifier 
tube. However, in receivers such as that 
of Fig. 33-37, an important precaution 
must be observed. In such receivers, 
when you pull out the video amplifier 
tube the AGC bias may increase to such 
an extent as to cut off the i-f amplifier. If 
this happens, both picture and sound will 
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be lost. To remedy this, it is necessary 
only to readjust the AGC threshold control 

until normal sound returns, at which point 
the picture will also come through to the 
detector. The AGC control adjustment may 
be extremely critical under these con-
ditions. To render it less critical, simply 
ground the end of the threshold control 
labeled ( 1)in FiR. 33-37. These steps are 
required only in those receivers in which 
the AGC voltage is tapped off one of the 
video amplifiers. Once we have unplugged 
the d-c amplifier tube and reset the thresh-
old control ( if required), the localizing pro-
cedure for no picture is the same as 
described for a-c amplifiers. That is, a 

signal is fed from the picture second 
detector into the signal element of the 
kinescope.If you get a picture the trouble 
is in the video amplifier. If not, it pre-
cedes the video amplifier. Assuming that 
we do get a picture and the trouble is in 
the video amplifier, further localization 
is possible by feeding in a 60-cycle sig-
nal as previously described and checking 
for an indication on the kinescope or on 
an a-c meter. The localizing procedure for 
weak pictures and smeary pictures re-
mains the same as previously described 
for a-c amplifiers and need not be repeated 
here. 
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Component Localization — Trouble-
shooting a d-c video amplifier by d-c 
voltage measurements is more difficult 
than in the case of an a-c video ampli-
fier. The reason for this is that the 
various voltages in a d-c amplifier affect 
each other to a large degree. For example 
(refer to Fig. 33-37), the plate voltage (pin 
6) of the second video amplifier depends 
on the grid ( pin 7) voltage of the second 
video amplifier. In fact, the plate voltage 
(pin 6) of the second video amplifier, 
depends on voltages as far back as the 
grid voltage of the first video amnlifier. 
Because of this, a definite and logical 
procedure is required to localize the 
source of trouble. Such a procedure is 
outlined in the following paragraphs. The 
discussion is based on the diagram of 

Fig. 33-37 and stems from the fact that 
any incorrect voltage appearing anywhere 
in the video amplifier will change the 
kinescope grid voltage. This being the 
case, the kinescope grid voltage becomes 
our starting point. 

Let's say that we measure the kine-
scope grid voltage and find it to be in-
correct. This may be the result of one or 
two general conditions. It could be due to a 
fault in the voltage divider consisting of 
R130 and f132 going to minus 120 volts, 
or to a defect in the video amplifier. To 
localize the trouble, measure the plate 
voltage ( pin 6) of the second video am-
plifier. If this is normal, the trouble is in 
the voltage divider. If not, the video am-
plifier is at fault. If the video amplifier 
is defective change the tube ( 12AU7) 
first to see if this clears up the trouble. 
In this set the AGC rectifier and sync 
separator tubes are connected to the video 
amplifier and may affect its voltages. To 
determine whether this is the case, simply 
remove this dual triode ( V108) and see if 
the voltages change at the video amplifier. 
If they do, V108 is defective. If not, the 
trouble is localized to the video amplifier 
proper. Assuming the plate voltage ( pin 6) 
to be incorrect and that V108 is OK, the 
trouble could be caused by some defect 
in the plate circuit (pin 6) of the second 
video amplifier or it could be due to 
incorrect grid bias. To find out which it 
is, simply measure the grid bias (pin 7) 

of the second video amplifier. If the grid 
bias is OK, the trouble is in the plate 
circuit ( pin 6). If the grid bias is wrong, 
the plate circuit is probably OK. Let's 
first assume the grid bias ( pin 7) to be 
OK and the plate voltage (pin 6) to be 
incorrect. The trouble then lies in some 
part of the plate circuit, in which there 
are several possibilities. For example, if 
L105 should open up we would still have 
R125 in the circuit, increasing the plate 
load resistance by some 39,000 ohms. The 
symptom would be low plate voltage and 
the cause, the open L105. Jumping this 
coil with a piece of wire should restore 
normal plate voltage. Greatly increased . 
values of R127 or R126 would have a 
similar effect on the plate voltage ( pin 6). 
If the other peaking coil ( L107) in the 
plate circuit opened, we would measure a 
negative plate voltage ( pin 6). This hap-
pens because when L107 opens, it inter-
rupts the B plus, but the minus 120 volts 
will be fed through R130 and L105 to the 
plate. 

Let's go back a little now and assume 
that when the plate voltage ( pin 6) is off, 
we find the grid bias ( pin 7) to also be 
wrong. We would therefore conclude that 
the incorrect bias is causing the wrong 
plate voltage to appear. If the grid bias 
is incorrect, the cause could be a defec-
tive component in the grid ( pin 7) circuit 
of the second video amplifier, plate cir-
cuit of the first video amplifier, or im-
proper conduction of the first video 
amplifier tube. Since all the voltages are 
so interdependent, it is probably best to 
check the grid to cathode bias of the first 
video amplifier before proceeding further. 
Let's assume the bias of the first video 
amplifier to be OK. We now have to check 
the components in the plate of the first 
video amplifier and the grid of the second 
video amplifier. One possibility is an 
open 4.5 inc trap coil, L104. If this opened 
up, there would be no plate current from 
the first vid.«) amplifier tube and the grid 
voltage ( pin 7) would become more posi-
tive. If L106 should open up, the grid 
would tend to go positive since the coil 
completes a voltage divider network to 
ground. This divider network normally 
consists of R129, R126 and L106 going 
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from plus 215 volts to ground and helps 
to determine the proper grid bias ( pin 7). 
A greatly increased value of R129 would 
tend to make the grid more negative by 
changing the voltage divider relationship. 

Let's backtrack once again and as-
sume, that when we measured the grid-to-
cathode bias of the first video amplifier, 
it was incorrect. Note that the bias of the 
first video amplifier is cathode bias, 
developed across R121 going to pin 3. 
Therefore, incorrect bias may be caused 
by one of two possibilities. The first is 
a changed value of R121, or a shorted or 
leaky cathode bypass condenser C167. 
The second possibility is that the current 
going through R121 is of the wrong mag-
nitude. Assuming the tube (V106) to be 
good, and the grid voltage to be correct, 
incorrect plate current in the first video 
amplifier tube could be the result of a 
defective component in the plate current 
path from pin 1. The effect of these com-
ponents in the plate circuit of the first 
video amplifier tube and the grid circuit 
of the second video amplifier tube have 
already been discussed. 

In summing up the troubleshooting 
procedure for d-c video amplifiers, we 
find that a bit more is involved than in 
troubleshooting a-c amplifiers. However, 
like everything else, if we establish a 
definite procedure, the task is not quite 
so difficult. We have found that any volt-
age change in a d-c amplifier circuit 
shows up by affecting the voltage at the 
kinescope grid. Therefore we establish 
the kinescope grid as our starting point. 
From here we proceed back to the plate 
of the second video amplifier. If the 
trouble is not yet found we then go to the 
grid of the second video amplifier and 
from here, if necessary, back to the first 
video amplifier elements. It should also 
be noted that in some sets the AGC 
system ties into the video amplifier and 
may affect its voltages. Pulling out the 
AGC tube usually eliminates its effect on 
the video amplifier circuit. 

TROUBLES NOT AFFECTING THE D-C VOLTAGES 

33-16. — The procedure used to locate 

these troubles generally is based upon 
some form of signal measurement. In dis-
cussing these particular troubles we 

will first see how they affect a typical 
a-c video amplifier and then a d-c video 
amplifier. As a typical a-c video am-
plifier, we will analyze the resistance-
capacitance coupled circuit first dis-
cussed in Section 33-9 and reproduced 
here in Fig. 33-38. 

Let's first examine the circuit in the 
output of the picture second detector. 
There are no d-c voltages applied to any 
of the components here (neglecting C138), 
so that any defect in this section would 
not show up as a variation of d-c voltage. 
Defective components in this section 
could affect the picture quality and 
strength. For example, if L187 should 
open, the picture strength would decrease 
and a smear may result as well. The de-
crease in picture strength would occur 
because, with L187 open, a voltage di-
vider would be set up, consisting of R136 
and R137, with a large portion of the 
signal lost across R 136. 

C137 should be 10 micromicrofarads, 
but is sometimes found to be 100 micro-
microfarads. If this should be the case 
the picture quality is impaired due tcr a 
reduction in high frequency response. 

An open in L188 may still allow a 
picture to appear but it would be smeared 
because of poor high frequency response. 

None of the above troubles can be 
found by the measurement of d-c voltages. 
The trouble may be localized to this 
section by signal measurement or signal 
injection. After localization, the indi-
vidual faulty component may be detected. 

Another trouble not affecting d-c 
voltage readings would be an open cou-
pling condenser. In the diagram of Fig. 
8-38, there are three such condensers. 
These are C138, C140 and C141. The 
general effect on the picture if any of 
these opened would be pretty much the 
same — weak picture with severe low 
frequency smear. The high frequency 
picture ccmponents may still be passed 
by means of stray capacitances, resulting 
in some suggestion of a picture. However, 
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it is possible to get no picture at all with 
an open coupling condenser. As we said 
before, the best way to find an open con-
denser is to shunt a good one across it. 

In the plate circuit of the first video 
amplifier we find a condenser labelled 
C223B. This condenser is part of a low 
frequency compensating network with 
R141. If this condenser should open, the 
circuit voltages would not be changed, 
but the picture would smear. Again, we 
can check this most conveniently by 
shunting a good condenser across it. 

An open C143, going to the brightness 
control, may cause smear or the introduc-
tion of undesired signals. Sometimes, 
lines which look like horizontal deflec-
tion troubles are due to this condenser. 

Grid Blocking.— An open or excessive 
value of grid resistor can sometimes 
result in an intermittent picture. This 
would be most likely to occur at the grid 
of the first video amplifier (R138 in Fig. 
33-38). Of course an open resistor would 
affect the d-c voltage at the grid, but 
resistors rarely open, especially in the 
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grid circuit. It would be more likely to 
have a bad solder connection or an in-
creased resistor value. What happens here 
is that large signal amplitudes may cause 
grid current to flow, charging C138 nega-
tive at the grid side. This produces a 
bias vpltage and if great enough it may 
cut off the first video amplifier intermit-
tently, as the charge builds up and leaks 
off. You may be able to check this condi-
tion by putting a d-c voltmeter on the 
grid. If the picture returns when you con-
nect the voltmeter at the grid, you can 
suspect a defective grid resistor. In this 
case, the impedance of the meter takes 
the place of the defective resistor and 
permits the circuit to operate. We might 
point out that grid blocking cannot occur 
unless there is a condenser in the grid 
circuit. 

D-C Amplifiers. — Certain troubles 
may occur in d-c video amplifiers which 
do not affect the d-c potentials, although 
these are fewer in number than in a-c 
amplifiers. We will discuss such troubles 
with the aid of the video amplifier sche-
matic shown in Fig. 33-37, which is a 
typical direct-coupled video amplifier. 



Troubles Not Affecting the D-C Voltages 

I35V 

_L 

Fig. 33-39 

In this circuit an open L103 would 
reduce picture strength and may cause 
smear. An open L102 will probably cause 
picture smear. The same is true if C167, 
C194 or C129 should open. The video 
signal is coupled to the kinescope grid, 
by C120. If this should open it will have 
the same effect as an open coupling con-
denser in an a-c video amplifier. That is, 
a weak picture badly smeared. 

Kinescope Frequency Response.— Just 
as a video amplifier must have the correct 
frequency response, so must the kine-
scope signal circuits, and in particular, 
the grid-to-cathode input circuit. To as-
sure this, sometimes the kinescope cath-
ode is grounded directly, as in Fig. 33-38. 
With a'grounded cathode the signal is fed 
into the grid, as well as the brightness 
control voltage. To assure proper fre-
quency response, it is necessary to have 
an a-c ground for the signal circuit, with-
out shorting out the d-c brightness con-
trol voltage. This is accomplished by 

33-41 

brightness 
control 

providing a bypass condenser such as 
C143 in Fig. 33-38. Should this condenser 
open there would no longer be an a-c 
ground at the bottom of R150. This would 
then cause other components to be in-
cluded in the signal circuit which could 
change the frequency response. In this 
case the additional components added 
would be R151, the brightness control, 
and a filter condenser to ground in the 
power supply. As a result, an open C143 
may cause a picture smear. Most TV sets 
have a condenser such as C143 to com-
plete the a-c signal path in the kinescope 
grid-to-cathode circuits. As another ex-
ample, in Fig. 33-37, the condenser is 
C131. In this case the cathode is not 
grounded and C131 provides the a-c 
ground. Some kinescopes (not metal) have 
an outer conductive coating forming one 
plate of a high voltage filter condenser. 
The other plate is inside of the tube. If 
the outer plate becomes ungrounded (gen-
erally due to loose springs) the high 
voltage supply has no low impedance 



33-42 
TELEVISION SERVICING COURSE, LESSON 33 

path to ground. This results in a picture 
smear due to impaired frequency response 
in the kinescope circuit. 

NO D-C RESTORATION 

33-1 7. — This can occur only in sets 
using a-c video amplifiers. Receivers 
with d-c amplifiers do not require d-c 
restoration. A typical d-c restorer circuit 
is included in the diagram of Fig. 33-39. 
The principles and purposes of d-c resto-
ration have already been discussed earlier 
in the lesson. What we are interested in at 
this time is how to tell when the d-c restorer 
is inoperative. The effect of an inopera-
tive d-c restorer shows up in a definite 
manner on the kinescope screen. In gen-
eral, the picture will be too dark and 
cannot be properly brightened by turning 
up the brightness control. Vertical retrace 
lines may appear with certain scene 
brightness, and vanish with others. A 
more positive check is to measure the 
kinescope d-c grid voltage while turning 
the channel switch on and off a station 

setting; when on a station the grid volt-
age should show a definite change in the 
positive direction. The required voltage 
increase can be determined by comparing 
to a good set. 

A lack of d-c restoration, but with a 
good picture on the screen, could be due 
to a tube or a component failure. Tube 
substitution would be the first thing to 
try. In Fig. 33-39 improper d-c restoration 
may be caused by any of the following: 

(a) V114B— defective filament on this 
half only. 

(b)C141 or C142 — high resistance 
leakage (in the megohms). 

(c) V 115,grid-to-cathode leakage. This 
removes bias and causes signal 
compression. (See Fig. 33-38.) 

It is possible that improper d-c re-
storation may be the result of other 
causes than those given above.However, 
we have included only those possibilities 
which will be of the most practical value 
in troubleshooting. 

Fig. 33-40 
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PART I — AGC CIRCUITS 

NEED FOR AGC 

34-1. In the television receiver the 
automatic gain control (or AGC) circuit 
serves to keep the picture intensity or 
contrast level at a fixed value even 
though the picture signal at the input may 
vary. The viewer makes an initial setting 
of picture intensity or contrast, by ad-
justing a manual control to obtain the 
desired degree of contrast, and the .AGC 
circuit holds the contrast level relatively 
constant. Some receivers, especially 
those manufactured early in the develop-
ment of television, are not equipped with 
AGC, but have only a manual control for 
setting contrast.A manual picture control 
varies the amplification of the receiver 
over a wide range, since it is necessary 
that the viewer adjust such a receiver to 
amplify a weak signal greatly or a strong 
signal slightly. 

The manual type of control can always 
set the amplification at any value from 
the minimum to the maximum. However, 
the amplification, which is determined by 
the setting of the manual control, is in 
no way dependent upon the strength of 
the signal being received. For example, 
when the control is set for high amplifi-
cation while Et weak signal is being re-

r-f 
amplifier 

n«.1111m converter 

AGC line 

ceived, and a strong signal is then tuned 
in, the receiver becomes overloaded, with 
resulting distortion. Since a different 
picture control setting is usually required 
for each incoming signal, tuning in dif-
ferent stations is somewhat a nuisance. 
AGC makes the adjustment automatically, 
increasing the convenience of station 
selection, and preventing overloading in 
the receiver due to too much signal. Fur-
thermore, receivers not equipped with 
AGC are subject to changes in intensity, 
such as those produced by atmospheric 
conditions or by airplane flutter (uneven 
signal reflections from a passing plane). 
The eye is very sensitive to sudden 
changes in picture intensity; automatic 
gain control minimizes such changes and 
makes manual adjustment less frequently 
needed. 

BLOCK DIAGRAM OF THE AGC CIRCUIT 

34.2. Where AGC Fits Into the Re. 
ceiver Circuit. — A block diagram of a 
TV receiver, showing where AGC fits 
into the circuit, is shown in Fig. 34-1. 

The input signal to the AGC circuit 
may be taken from the output of the last 
picture i-f amplifier or from the video 
amplifier, as illustrated in Fig. 34-1. 
What is desired is to develop a negative 
voltage which is proportional to the 
strength of the incoming picture signal. 
This voltage can then be applied as 
bias to the grids of the picture i-f and 
r-f stages. 

A strong input signal reaching the 
AGC circuit will result in a higher nega-

section 
1st 2nd 3rd 4th 

Auk 

video 
detector 

video 
amplifier 

r video signal source 
AGC 

circuit 

Fig. 34-1 

kinescope 
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tive control voltage. This voltage when 
applied to the r-f and picture i-f stages, 
will increase the negative grid bias and 
thus decrease the amplification of those 
stages. The net result is that the over-
all amplification of the receiver is re-
duced for strong signals; for weaker 
signals lower control voltages are de-
veloped and the gain returns toward 
maximum amplification. Thus AGC oper-
ates to maintain a substantially constant 
output as the picture signal voltage 
varies. 

Simple Block Diagram of an AGC 
Circuit. — The essential parts of an AGC 
circuit are shown in the block diagram of 
Fig. 34-2. The basic elements are the 
signal source, the AGC rectifier, the 
AGC filter and the AGC line that couples 

the filtered AGC bias voltage back to the 
r-f and i-f stages to be controlled. Where 
the AGC control voltage developed at the 
AGC rectifier is not of sufficient ampli-
tude to provide adequate control, an AGC 
amplifier may be added. When it is desired 

modulated i-f carrier 

AGC 
filter 

signal 

source 

AGC 
rectifier 

to provide the full amplification of the 
receiver, with no AGC operation for weak 
signals, a delay voltage may be provided 
so that the AGC circuit does not go into 
operation until a minimum signal level 
is reached. 

COMPONENT PARTS OF AGC CIRCUITS 

34-3. The Signal Source. — While 
automatic gain control is similar in many 
respects to automatic volume control 
used in broadcast receivers, there are 
some important differences. In a broad-
cast receiver the automatic volume con-
trol (AVC) voltage is usually obtained 
from the average amplitude of the recti-
fied i-f signal (that is, the d-c component) 
which appears across the load resistor of 
the second detector. Regardless of the 
degree of audio modulation, the average 
value of either a low amplitude or high 
amplitude audio signal would be the same 
for a given amplitude carrier signal. This 
is indicated in Fig. 34-3. 

rectified signal 

AVC voltage 

low amplitude audio signal 

high amplitude audio signal 

Fig. 34-3 

AVC voltage 
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This condition is not true of a recti-
fied picture signal. Here the extent of 
modulation of the carrier wave is not only 
determined by the amplitude 01 the video 
signal, but also by the brightness of the 
scene transmitted. The result is shown 
here': 

Modulated 

I-F Carrier 
peak - 

Rectified 

Video Signal 

-------- -- A GC voltage 

- average value 

Dark Picture Signal 

peak - 

o 

  A G C voltage 

average value 

Light Picture Signal 

F ig. 34-4 

For the same amplitude of the i-f 
carrier signal, the average value or d-c 
component of the rectified signal is higher 
for a dark part of the picture than for a 
light part. However, the peak value of 
both signals, which represent the tips of 
the sync pulses, is the same. The AGC 
voltage, therefore, must be proportional 
to this peak value rather than the average 
value of the rectified signal. 

Since the AGC voltage must be pro-
portional to the maximum amplitude of 
the i-f carrier signal, (tips of the sync 
pulses), a good place to take the signal 

input signal 

from last 

i-f amplifier 

to A G C filter  

8 A G C line - 

(o) 

input signal 
from lost 
¡-f amplifier 

to A G C 
amplifier I 

for input to the AGC circuits is the out-
put of the last i-f amplifier. As an alter-
native we could take the signal from the 
same source as that used for the synchro-
nizing circuits. In a receiver using an a-c 
coupled video amplifier, that would nor-
mally be from the d-c restorer.In a direct-
coupled video amplifier, the signal source 
for both the sync and AGC circuits may 
be the output of the first video amplifier. 

The AGC Rectifier. — The AGC volt-
age is developed across a load resistor 
in an AGC rectifier circuit. The action of 
the circuit is similar to a conventional 
diode rectifier or clamper. To obtain a 
negative control voltage the load resistor 
is connected to the plate of the diode. 
For a positive control voltage required in 
AGC circuits utilizing an AGC amplifier, 
the load resistor is connected in the 
cathode side of the rectifier diode. 

The simplest arrangement is that 
shown in Fig. 34-5(a). Here, one half of 
a 6AL5 duo-diode is used in a clamper 
circuit, with the output of the last i-f 
amplifier as the signal source.The signal 
is applied through the coupling capacitor 
Cc to the plate of the diode. The cathode 
is grounded. R2 is in series with R1 as 
plate load resistors. C1 bypasses R1 to 
provide a d-c bias voltage. R2 prevents 
C1 from shorting the i-f signal to ground. 

The operation of this circuit is as 
follows: On the positive cycle of the 
input signal the plate of the diode be-

2 2 

(b) 

Fig. 34 -5 
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comes positive in respect to the cathode 
and the diode conducts. This charges the 
coupling capacitor, Cc. During the nega-
tive half cycle of input voltage the diode 
does not conduct, and the coupling ca-
pacitor, Cc, starts to discharge through 
R, and R1 and charges the shunt ca-
pacitor, C1. The time constant is short so 
Cc charges quickly to the peak value of 
the signal, but the capacitor cân dis-
charge only slightly during the time that 
the diode is not conducting. After a few 
cycles the coupling capacitor remains 
charged at a value very close to the peak 
value of the input signal and the diode 
conducts only during the tip of the posi-
tive peak to replenish any charge that 
leaked off across the plate load resistors. 

The voltage developed across R1 and 
the shunt capacitor C1 is a negative 
voltage in respect to ground,whose value 
is proportional to the peak value of the 
input signal. This is available as a bias 
control voltage. 

1f instead of connecting the load 
resistor in the plate side of the diode, it 
were connected in the cathode leg of the 
circuit (Fig. 34-5b), the circuit would 
develop a positive voltage in respect to 
ground. This arrangement would be de-
sirable where an AGC amplifier is used 
for the control voltage. The amplifier 
reverses the polarity of the voltage so 
that the output is negative and can be 
used as a control bias. 

A somewhat similar arrangement is 
shown in Fig. 34-5c. In this case the 
tube used is a triode, with the grid and 
cathode serving as the AGC rectifier. 
The circuit could operate in one of two 
ways. First, with no (or little) bias, the 
grid may become positive in respect to 
the cathode, and some grid current re-
sults. In that case the grid serves as the 
plate of a diode and the circuit acts in 
the same manner as explained above. Or 
second, the circuit could be biased so 
that the grid never becomes positive in 
respect to the cathode.1n this case, there 
is no grid current, but the tube will draw 
greater plate current when the positive 
input signal is applied. It passes through 
the load in the cathode circuit and de-
velops a control voltage as previously 

explained. This arrangement, therefore, 
may be used in circuits that require an 
AGC amplifier. 

The AGC Filter. — The rectified volt-
age which is used for AGC has, of course, 
a strong ripple component due to modula-
tion on the i-f carrier. The particular 
circuit of Fig. 34-6 shows a shunt-type 
rectifier (rectifier in parallel with the 
load circuit, as related to the input) with 
a three-stage filter, R1 R4 C1, R2 C2 
and R3 C3. This filter removes all signal 
variations, leaving only a d-c voltage 
which varies with the video signal level. 
The smoothed-out AGC voltage output 
from the filter can then be applied to the 
bias distribution line of the receiver for 
application to the grid circuits of the 
stages to be controlled. 

to AGC line 
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distribution line 

A GC rectifier 
tube 
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The Bias Distribution Line. — The 
bias for the operation of an amplifier 
tube can be obtained in a number of dif-
ferent ways. Three methods are shown in 
Fig. 34-7. Figure 34-7(a) is the self-
biasing method, in which the bias voltage 
is developed across the cathode resistor 
when the tube draws plate current. The 
capacitor shunting the resistor is used 
to keep normal signal variations in plate 
current from changing the bias, which 
would result in degeneration. It is the 
average value of plate current which 
supplies the bias. In the illustration, the 
voltages measured to ground are +1.5 at 
the cathode and zero at the grid. This is 
equivalent to a bias voltage of — 1.5 from 
grid to cathode. 

Instead of having the tube bias itself 
by means of its own plate current, the 
bias voltage may be furnished from the 
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(o) 

power supply voltage divider circuit. 
Figure 34-7(b) shows the bias voltage 
applied to the grid return of the tube. 
Where this method is used the cathode is 
generally grounded, eliminating the cath-
ode resistor and bypass condenser. 

Figure 34-7(c) shows a combination 
of both bias methods. In this case only 
part of the total bias voltage is applied 
to the grid return (- 1.0 volts), while a 
smaller value of resistor is connected in 
the cathode circuit (developing +0.5 volts 
to ground). The two voltages combine to 
give the — 1.5 volts desired bias. In this 
case, no cathode by-pass capacitor is, 
used, so that a small amount of degenera-
tion results to give the stage greater 
stability. 

When the bias voltage is supplied 

r- f 1st 1-f 

from the power supply, the grid returns 
of the various amplifier stages are con-
nected to a bias distribution line, as 
shown in Fig. 34-8. The r-f, first, second 
and third i-f amplifier stages are con-
nected to a grid bias distribution line 
supplying — 1.5 volts to the grid circuits. 
It is customary not to connect the fourth 
i-f stage to this line, but to provide bias 
for that stage by means of a cathode 
resistor properly by-passed. The first, 
second and third i-f amplifiers are shown 
with unbypassed resistors in the cathode 
circ uit. 

In order to isolate the stages from 
each other so that there is no coupling 
or feedback of signal voltage from one 
stage to another through the bias dis-
tribution line, decoupling networks are 

2nd i-f 3rd if 4th i-f 

F ig. 34-8 



Direct AGC Circuit 
34-7 

r-f 1st i-f 

Fig. 34-9 

connected in each stage. Resistor R1 
and capacitor C1 keep the r-f signal from 
coupling into the si-f stages. Capacitor C1 
serves as the return to ground for the r-f 
signal, with R1 as isolating resistor. 
Capacitor C2 completes the ground return 
for the i-f signal in the first i-f stage, 
and, with R1 and R2, prevents coupling 
of feedback to the r-f or the other i-f 
stages. Similarly capacitor C3 returns 
the i-f signal to ground in the second i-f 
stage and c4 performs the same function 
for the third i-f stage. 

Since the grid circuits draw no direct 
current, there is no voltage drop through 
any of the decoupling resistors or grid 
resistors; therefore, the — 1.5 volts sup-
plied to the bias distribution line appears 
at the grid of each stage connected to 
the line. 

Another way of connecting the de-
c oupling capacitors and resistors is 
shown in Fig. 34-9. In this arrangement 
the decoupling resistors R1, R2, R3, R4, 
each connect to an individual grid circuit, 
and are not in a common distribution line. 

AGC Amplifier. — Where it is desired 
to have AGC over a wide range of input 
signal levels, an AGC amplifier may be 
included in the circuit to make available 
a higher AGC voltage. In circuits using 
an AGC amplifier the control voltage 
developed at the AGC rectifier is posi-
tive. This d-c voltage is directly coupled 
to the AGC amplifier. The action of the 
amplifier tube results in a reversal of 

2nd t-f 3rd i-f 

polarity, so that the output is a negative 
voltage. 

DIRECT ACC CIRCUIT. 

34.4.— As shown in Fig. 34-10 this 
circuit controls the gain of the r-f ampli-
fier and the first, second and third picture 
i-f stages by applying a negative bias to 
their grids proportional to the strength of 
the input signal. As a result of the AGC 
action, an almost constant output is main-
tained at the second detector over a wide 
range of input signals to the r-f stage. 

The voltage input to the AGC circuit 
is taken from the full output of the fourth 
picture i-f stage, while the input to the 
second detector is taken from a tap on 
the coupling coil L103 at a point where 
the signal strength is only one-third that 
supplied to the AGC circuit. Additional 
adjustment of the amount of AGC voltage 
relative to signal strength is provided by 
the AGC switch S106. 

The voltage developed by the AGC 
rectifier is produced across R123 (33K) 
R124 ( 150K) and R221 (56K) in the V 107A 
grid circuit. The part of this voltage 
which serves for AGC is that deve loped 
across R124 and R221 in series, which 
is taken off to the line marked " to AGC 
Filter". The filter circuit eliminates noise 
impulses and a-c ripple, and the filtered 
output is applied to the grids of the r-f 



TELEVISION SERVICING COURSE, LESSON 34 
34-8 

PIX Fi AMP 

V ios 
6A L 5 
21.0. DET 4 

cin AG-C RECT 

100 

004 
36 666 
ORN•WNT 

Put e • 
22 5,« 

13 

-ro A6c FILTER -• 

523 
33 K. 

5,4 sr 

C122 
10 

2125 
5600 

L105 
120 hai 
biu•RED 

3 
* 

9,26 
220 

6106 

12ZU7 
ST R 2.411 
V10e0 Amin. 

5224 
.51006 t 

• 295 v 

L106 
36 mum 
ISLK 

• 

L 09 
20 OU 
81.0 -REO 

" v C131 I .6 1.107 
47 

C I32 

• 110V 

R127 
220 

91294 0.1 
3900< 

C130 
T.0015 

12 ,28 
3500 
PIK 
CONTR • 20V 

69/5,,n 

X130 
4700 

12717 
DC RESTORE R 
R5rNC SEP 

C 33 
.047 

2135 

4700 6.0.5;  

21344 — 
4704< 2221 

56 K 

1.108 •--I 
500 mot C191 
680,, por '6- .0022 

5 R223 

• 375v ? 33 0 K. 

— C129 

I 1500 
47.  

TO 13.1 300 I- F PLATES 

TO Ss/AVG 542 AMP. «4  

2179 
6800 

+250 V 

R180 
2210. 
SOA. 

C2120 
5 MF 

13222e 
47 Is ? 

01 
• 

510G 
A-OC CC...TR SW 
( 3- POSITION) 

 Nev.* 
2124 
15045 

> 

Fig. 34-10 

and i-f stages (exclusive of the last i-f) 
as the AGC control bias. 

The AGC Switch. — The AGC switch 
provides for operation in different signal 
strength areas. In Fig. 34-11 the switch 
connections are shown for each of the 
three positions. When maximum AGC is 

2 3 4 2 3 4 

1 

Position No. I Position No.2 Position No.3 

Fig. 34-11 

desired, the switch is set in position No. 
1. In this position all switch connections 
are open. Where less AGC is desired, 
particularly in areas where impulse type 
of interference is experienced, the switch 
is set in position No. 2. In this position 
R222 (47K) is connected in parallel with 
the AGC resistors (R124 and R221 in 
series). This cuts down the AGC voltage 
considerably. In a very weak signal area, 
where maximum signal output is desired, 
the switch is turned to position No. 3. 
In this position the bias distribution line 
is grounded and AGC is completely re-
moved;R223 then is connected to ground, 
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paralleling R134 for a necessary change 
of cathode bias for V107A. It must be 
remembered that with AGC completely re-
moved, the receiver could easily be over-
loaded if the input signal should exceed 
200 microvolts. 

It is interesting to note that there is 
a close relation between the AGC and 
sync circuits in the connection of the 
AGC resistors R124 and R221. Resistor 
R221 (56K) is the grid resistor for the 
sync separator, V107A. Since a portion 
of the AGC voltage is developed across 
this resistor, it provides an automatic 
bias which improves sync separation on 
strong signals at high contrast settings. 

TYPICAL CIRCUIT WITH AGC AMPLIFIER 

34-5. — Fig. 34-12 shows an AGC 
circuit that uses an AGC amplifier. 

The signal source for the AGC voltage 
is taken from the first video amplifier 
stage. Video signal is coupled through 
R141, which is an isolating resistor, to 
the grid of the AGC rectifier (V108). This 
is a twin-triode 6SN7-GT, with one triode 
section functioning as a rectifier. The 
rectified signal voltage in the cathode 
circuit is direct-coupled to the triode 
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section V107A, which is a d-c amplifier 
that has the function of amplifying the 
AGC bias voltage produced by the AGC 
rectifier. The output of the AGC amplifier 
connects to the AGC distribution line, 
feeding the amplified AGC bias voltage 
to the first and third picture i-f amplifier 
stages, and the r-f amplifier. 

The composite video signal is applied 
to the grid of the AGC rectifier. However, 
the time constant of the resistors R216 
and R217 with the bypass condenser 
C135 is long compared to the horizontal 
sync rate so that the tube is self-biased 
at a level to clip the sync pulses in the 
plate circuit. Therefore, the tube also 
serves as a sync separator. 

The AGC voltage is produced in the 
cathode circuit of the AGC rectifier. The 
peak d-c voltage here, which corresponds 
to the peak level of the sync pulses, is 
the voltage source for the grid of the AGC 
amplifier. The AGC Threshold control 
(R 138) is part of a voltage divider with 

V108 
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AGC rectifier 
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2700 
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5600 

 \W/\k-i-- signal from 
1st video 
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1:?218 
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R137 and R139 to adjust the amount of 
d-c voltage applied to the AGC amplifier 
grid. Additional filtering for the AGC 
voltage is provided by C133. 

At the cathode of the AGC rectifiel 
and grid of the AGC amplifier, the AGC 
voltage is a d-c voltage of positive 
polarity, and is proportional to the peak 
level of the sync pulses. When the video 
signal increases, due to a stronger r-f 
signal being received, the AGC voltage 
of the rectifier cathode goes more posi-
tive. This voltage applied to the AGC 
amplifier grid causes more plate current 
to flow in the amplifier, making its plate 
voltage fall, which is the same as making 
its output AGC bias voltage go negative. 
This negative-going voltage in the plate 
circuit of the AGC amplifier is applied 
to the grids of the r-f and i-f amplifier 
stages to reduce their gain. 

In order to provide negative voltage 
in the AGC amplifier output, to bias the 
stages controlled by AGC, the plate of 
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the AGC amplifier has a negative 
potential. However, plate current can 
flow because the cathode is more nega-
tive than the plate, leaving the plate 
positive with respect to the cathode. The 
control grid is even more negative than 
the cathode, providing negative bias 
with respect to cathode in the AGC am-
plifier. Although the AGC amplifier plate 
is connected to + 215v through 1.92 meg-
ohms, this is such a large resistance that 
the plate potential is negative when plate 
current flows, as the plate voltage drops 
toward the negative cathode voltage. 

When the grid goes in a positive di-
rection, due to increased cathode output 
voltage in the AGC rectifier, the AGC 
amplifier's plate voltage falls and goes 
more negative. In other words, the AGC 
amplifier stage amplifies the change of 
d-c voltage in the AGC rectifier cathode. 
As an example, suppose that the grid 
voltage is driven from —64 volts to —62 
volts, which is a 2 volt change in the 
positive direction; because of increased 
plate current the AGC amplifier might go 
from —5 volts to — 15 volts. 

AGC Threshold Control. — The am-
plification of the AGC amplifier stage is 
controlled by the adjustment of its fixed 
grid bias voltage, which is set by the 
AGC Threshold Control R138. The ad-
justment of the AGC Threshold control 
is checked as follows: 

1. Tune in a strong signal, sync the 
picture and turn the PICTURE control to 
the maximum clockwise position. Turn 
the BRIGHTNESS control counter-clock-
wise until the vertical retrace lines are 
just visible. 

2. Momentarily remove the signal by 
switching off channel and then back. If 
the picture reappears immediately, the 
receiver is not overloading due to im-
proper setting of the AGC Threshold 
control. If the picture requires an ap-
preciable portion of a second to reappear, 
R138 should be readjusted. 

3. For the proper adjustment, set the 
PICTURE control at the maximum clock-
wise position and turn R138 fully clock-
wise, The top one-half inch of the picture 

may be bent slightly. 

4. Then turn R138 counterclockwise 
until there is a very, very slight bend in 
the top one-half inch of the picture as 
indicated in Fig. 34-13. Next turn R138 
clockwise just enough to remove this 
bend. 

Fig. 34-13 

Uhttüttphta 3nqutur 

The horizontal bend or pulling at the 
top of the picture is due to compression 
of the sync amplitude in the first video 
amplifier. It is the result of incorrect 
setting of the AGC Threshold control, 
making the AGC bias voltages for the r-f 
and picture i-f stages insufficient. This 
causes excessive gain and excessive 
signal input to the first video amplifier, 
where limiting action clips or compresses 
the sync pulses, causing the bend in the 
picture. 

If the signal is very weak, the above 
method of adjustment may not work, since 
it may be impossible to obtain sufficient 
signal to make the picture bend. In this 
case, turn R138 until the snow in the 
picture becomes more pronounced, then 
back off the control until the best signal 
to noise ratio is obtained. This is il-
lustrated in Fig. 34-14. 

Wherever possible, the AGC Threshold 
control adjustment should be made on a 
strong signal. If the control is set for 
too little AGC on a weak signal, the 
receiver may overload when a strong 
signal is received. 
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KEYED AGC CIRCUIT 

34-6. — The keyed AGC circuit shown 
in Fig. 34-15 is similar to the amplified 
AGC circuit in Fig. 34-12 but the AGC 
amplifier here is keyed on and off by the 
horizontal output pulses, so the tube is 
made to conduct only during the intervals 
corresponding to flyback time. The ad-
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vantage of keyed AGC is less suscepti-
bility to interfering noise pulses, which 
can build up too high an AGC voltage. 

Referring to Fig. 34-15, the signal 
source for AGC and also for sync is 
taken from the output of the video ampli-
fier. It is applied to the grid of tube 
V113. This triode section corresponds 
to the AGC rectifier that was shown in 
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Fig. 34-12. Thé AGC control R175 varies 
the amount of input signal and the bias 
for this triode section of V113. The cir-
cuit develops a cathode voltage propor-
tional to the sync pulse level, which 
indicates strength of the carrier signal. 
This d-c cathode voltage across R186 is 
direct-coupled to the grid of the 6CB6 
AGC amplifier V111, through R171 and 
R172, which with C154 and C155 also 
filter this voltage. As a result, a d-c 
bias voltage that indicates the signal 
level is applied to the AGC amplifier. 

The AGC amplifier tube can conduct 
plate current only when the plate is 
pulsed positive by the flyback pulse 
taken from the horizontal output circuit 
and coupled by C177. Every time the 
plate is made positive by the pulse, 
plate current flows to charge C177, put-
ting a negative charge on the side of the 
condenser connected to the 6CB6 plate. 
Between pulses the AGC amplifier cannot 
conduct. During this time C177 discharges 
through R145 and R150, providing a volt-
age of negative polarity with respect to 
ground. This is the AGC voltage. The 
AGC bias is tapped off from here, filtered 
and connected to the AGC distribution 
lines for the i-f and r-f amplifiers. 

AGC Adjustment. — The AGC control 
R175 adjusts the AGC circuit to provide 
the amount of AGC required for signal 
conditions in different locations. To check 
the adjustment of this control, tune in a 
strong signal and sync the picture. Mo-
mentarily remove the signal by switching 
off channel and then back. If the picture 
reappears immediately, the receiver is 
not overloading and R175 is set correctly. 
If the picture bends excessively or does 
not appear immediately R175 should be 
readjusted. Turn the control until there 
is a very slight bend in the picture. Then 
back off the control just enough to remove 
this bend. This should be done on a 
strong signal. If the signal is weak on 
all stations this method of adjustment 
may not be possible. In this case turn 
the AGC control until the snow in the 
picture becomes more pronounced and 
then back it off until the best signal-to-
noise ratio is obtained. 

PART II - TROUBLESHOOTING AGC CIRCUITS 

TROUBLES DUE TO THE AGC CHANNEL 

34.7. — The AGC circuit develops a 
negative bias voltage which controls the 
gain of the picture i-f amplifiers and the 
r-f amplifier. Trouble in the AGC circuit 
alters this bias voltage and changes the 
gain of the r-f and i-f stages. Since these 
stages amplify the picture signal, the 
visible symptom of AGC trouble is an in-
crease or decrease in the strength (con-
trast) of the picture appearing on the 
kinescope screen. 

As illustrated in Fig. 34-16, in this 
lesson the AGC channel is divided in to 
two parts: the AGC circuit itself where 
the negative control bias is produced, and 
the bias line which distributes the bias 
voltage to the stages controlled by AGC. 
First a trouble can be localized to the 
AGC channel. Then the trouble is local-
ized further either to the AGC circuit that 
produces the bias or to the bias distribu-
tion line. 

The symptoms produced by trouble in 
the AGC channel are: 

1. A blank raster — this is produced 
when an excessive bias, greater than the 
cutoff bias of the controlled stages, is 
developed. This stops conduction in 
these controlled stages completely, so as 
to prevent passage of signal at this point. 
The sound output may also be reduced or 
cut off. 

2. An overloaded picture — this is pro-
duced when little or no bias is developed, 
allowing the picture stages to operate at 
maximum gain. The i-f stages are over-
loaded, clipping sync pulses, and pro-
ducing the characteristic overloaded, out-
of-sync picture. It may be accompanied 
by buzz in the sound. 

These are the most usual defects. 
Occasionally, the following may be en-
countered: 

3. A low contrast picture. This may 
be produced when the AGC channel devel-
ops too high a bias, which, although not 
high enough to cut off the picture, will 
limit the gain of the picture i-f stages, so 
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that sufficient contrast cannot be obtained. 

4. Excessive contrast. The picture is 
on the verge of overloading and tends to 
bend. This occurs when the AGC channel 
produces insufficient bias voltage. There 
is not enough bias to reduce the i-f and 
r-f gain by the correct amount for the 
strength of signal being received. Note, 
however, that the bias voltage is not low 
enough to cause severe overloading. 

How the Sound is Affected by AGC 
Troubles. — The effect of incorrect bias 
on the sound output depends upon whether 
the sound signal passes through any 
stages controlled by the AGC. If the 
sound takeoff point is after the converter 
stage, it will only be affected by changes 
in r-f amplifier gain. In this case sound 
output will vary little with changes in 
bias. When the sound takeoff is in the i-f 
strip or in the video section, the sound 
passes through controlled i-f stages, and 
sound output will vary greatly with 
changes in AGC bias. Decreasing bias 
will cause increased sound output and 
may allow picture in form a t i on (sync 
pulses) to get into the sound and cause 
buzz. Increasing bias will reduce the 
sound output and may cut it out completely. 

34-16 

AGC 
circuit 

described result from the failure of the 
receiver to amplify the picture and sound 
signals properly. They can be caused 
by defects in either the picture or AGC 
channels. Defects in the AGC channel 
are able to produce such symptoms be-
cause the AGC circuit controls the ampli-
fication of the r-f and i-f circuits by 
controlling the bias. However, the same 
symptoms could be caused by defects in 
the r-f and i-f circuits. 

In addition, it should be noted that a 
defect only in the r-f and i-f circuits can 
cause the AGC to develop the wrong value 
of bias voltage. This happens because 
the value of bias voltage that the AGC 
produces depends upon the strength of 
signal reaching the input to the AGC cir-
cuit. This signal is amplified in the r-f 
and i-f circuits before it can arrive at the 
AGC input. 

Because of the interaction between the 
AGC circuit and the r-f and i-f circuits it 
is helpful to use some tests to localize a 
trouble to either the AGC circuit or the 
picture channel. These tests will now be 
considered. 

TESTS FOR LOCALIZING AGC TROUBLES 

Relation Between AGC Channel and 
Picture Channel. -- The symptoms just 

34-8. Localizing No Picture-No Sound 
Troubles to AGC Channel. -- Let us ana-
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lyze the localizing procedure when the 
symptom of trouble is a blank raster, and 
little or no audio output — a " no pix, no 
sound" trouble. It is possible that this is 
caused by the picture i-f stages being cut 
off by an excessive bias from the AGC 
channel. 

To determine if this is the case, any 
one of the following checks can be made: 

i-f tube 

bias 
distribution line 

shorting 
lead 

TO ground 

i-f tube 

Fig. 34-17 

A GC filter _ _ 

1. Short the bias line to ground, as in 
Fig. 34-17. If the picture i-f amplifier's 
grid voltage has been held at cutoff, the 
short will reduce the bias to zero. If there 
is no defect in the picture channel, the 
picture i-f amplifier will now operate at 
maximum gain and produce an overloaded 
picture on the screen. Sound output will 
also be heard from the speaker. This 
e s t a blishes the trouble in the AGC 
channel. 

2. When the bias is produced by an 
AGC amplifier tube, an alternative method 
is to remove the AGC amplifier tube. The 
bias is produced by conduction of this 
tube. Removing the tube will reduce the 
bias to zero, and allow picture and sound 
to appear if there is no defect in the pic-
ture circuit. This establishes th c trouble 
in the AGC channel. Sometimes, the AGC 
amplifier is combined in the same enve-
lope with some other stage. Removing the 
tube will disable some other function of 
the receiver so that a picture cannot be 
seen. However, if there was no sound 

because of cutoff bias from the AGC, the 
sound will appear when the tube is re-
moved, and this indication will establish 
the trouble in the AGC channel. 

3. A third method is to connect a bias 
box to the bias line. As shown in Fig. 
34-18, connect the negative lead to the 
bias line, and the positive lead to ground. 
Vary the output from the bias box from its 
maximum to its minimum value. If there is 
no defect in the picture channel, a picture 
will appear, and the contrast will increase 
as the bias is reduced; as the bias is re-
duced still further the picture will over-
load, to an extent depending upon the 
amount of signal available. Since this 
tells us the picture channel is operating 

properly, the trouble is localized to the 
AGC channel. 

i-f tube i-f tube 

bias distribution line 

bias box 
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Use and Construction of a Bias Box. --
In receivers which do not have an AGC 
system, the contrast is varied by manually 
varying the gain of the picture r-f and i-f 
amplifiers. The contrast or picture control 
does this by tapping off a portion of a 
negative supply voltage and applying it 
to the bias line. A bias box is a source 
of continuously variable d-c voltage that 
allows us to do this same thing in AGC-
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controlled receivers. In receivers which 
have an AGC system, the gain of the 
picture channel cannot be controlled ex-
cept through the AGC action. In order to 
temporarily eliminate the AGC system, we 
use the bias box to manually vary the gain 
of the picture channel by applying any 
desired negative voltage to the bias line. 
In this way, control of the picture ampli-
fiers is taken away from the AGC circuit, 
allowing their gain to be set and remain 
at the value selected by the bias box. 
This makes it possible to check the oper-
ation of r-f and i-f amplifiers independent 
of AGC. 

A bias box can be constructed by con-
necting a number of 1.5 volt cells in 
series across a potentiometer, and taking 
the output voltage off the adjustable tap. 
A switch disconnects the battery from the 
potentiometer when it is not in use. The 
current drain is low enough so that flash-
light cells or even penlight cells can be 
used. A schematic diagram of the bias 
box is shown in Fig. 34-18. The bias box 
should have a d-c output adjustable from 
zero volts to a value high enough to al-
most cut off the picture signal amplifiers. 
An output of 9 volts, made by connecting 
six 1.5 volt cells in series, is usually 
sufficient. 

The size of the potentiometer to use 
is determined by two considerations. The 
lower the resistance of the potentiometer, 
the more effectively the bias box will 
take control away from the AGC circuit. 
The higher the resistance, the lower the 
current drain on the batteries. If the bias 
box is to be used for general troubleshoot-
ing, a resistance value of 50K to 1 meg-
ohm can be used with good results. If the 
bias box is for i-f alignment, a resistance 
of 1,000-10,000 ohms is better. 

In receivers having a negative supply 
voltage available, this can be used for 
manual control of the receiver gain, just 
like the bias box. This is illustrated in 
Fig. 34-19. Use a potentiometer of about 
10,000 ohms and connect it from the neg-
ative supply voltage to ground. A variable 
negative voltage is now available be-
tween the center tap of the potentiometer 
and ground which can be applied to the 
bias line and used to control the bias. 

source of 
negative 
voltage 

in receiver 
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Fig. 34-19 

source of 
variable bias 

voltage 

In some receivers, which have avail-
able a negative supply voltage and an 
AGC control potentiometer, this can be 
connected to the negative voltage supply 
so that the potentiometer can operate as 
a manual bias control. 

What is Normal Bias? -- The value of 
bias at which a good picture appears will 
vary with the strength of the received 
signal. The bias, whether it is supplied 
by a manual gain control system, or by an 
AGC system, must be of a proper value to 
limit the gain of the picture channel am-
plifiers for the signal being received. In 
a receiver with manual gain control, the 
user will set the bias, with the picture 
control, so that the receiver amplifies as 
much as required to produce the desired 
contrast, without overloading any stage 
the signal passes through. An increase in 
signal requires that the bias be increased 
to prevent overloading. A properly func-
tioning AGC system must accomplish this 
automatically. It is a good idea to meas-
ure this bias in a number of good receiv-
ers, and for a variety of input signal 
strengths. The bias varies according to 
the tubes used and the amount of signal 
at the antenna terminals. This data 
should be retained to provide information 
as to the normal bias value. Typical val-
ues of bias voltage on the distribution 
line range from approximately zero to 
about minus twenty volts. 

Localizing Overloaded Picture Trou-
bles to the AGC Channel. -- Let us analyze 
the localizing procedure when the symp-
tom of trouble is an overloaded picture, 
which may be accompanied by poor sound 
and buzz. If the picture is completely 
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overloaded, the trouble is no bias for the 
picture channel. 

The bias voltage developed by the 
AGC channel depends upon its input sig-
nal from the picture channel. In addition, 
if there is no signal input to the AGC 
channel, there will be no bias output. The 
overloaded picture, then, is due to one of 
two possibilities: 

1. The picture channel is defective 
and the AGC channel does not have the 
input signal needed to develop a bias 
voltage. 

2. The AGC channel is itself defec-
tive and so produces no output. 

To localize the trouble, we first exam-
ine the operation of the picture channel 
itself by controlling its gain by the bias 
box. With the bias box connected as in 
Fig. 34-18, vary the output from minimum 
to maximum. As the bias is increased it 
will start controlling the gain of the 
picture channel, stop the overload, and 
produce a good picture. Finally, when the 
bias is still further increased, it will cut 
off the picture and produce a blank raster. 

The bias at which a good picture ap-
pears should be measured and compared 
to the normal value of bias for that signal 
input. If the bias voltages are approxi-
mately the same, the picture channel is 
operating properly and the trouble is 
localized to the AGC channel. If the bias 
is much lower than normal it indicates 
that the gain of the picture channel is 
low, probably because of an inoperative 
stage, and therefore the AGC channel 
does not have the proper signal input to 
produce the correct bias. 

If there is no change in the picture 
when the bias box voltage is varied, this 
may be due to a short across the bias line 
to ground, which prevents the bias volt-
age from controlling the picture channel. 

Low Bias and Excessive Bias. — To 
localize either trouble to the picture 
channel or the AGC channel, the bias box 
is connected to the bias line to vary the 
bias independent of AGC. The operation 
of the picture channel can then be judged 
by comparing the picture with the bias re-
quired to produce that picture. 

Let us assume that for a given signal 
a good receiver produces a good picture 
with 4 volts of bias. This information is 
obtained beforehand on good receivers. 
Now, suppose that for the same signal 
input level and with the same type of 
receiver the bias box voltage must be set 
to 2 volts to produce the same amount of 
picture contrast. This means the gain of 
the picture channel in the receiver is 
below normal, since the bias must be re-
duced below normal to obtain the normal 
picture contrast. The low gain of the 
picture channel may be due to a defective 
amplifier stage. With less AGC bias in 
the other stages, though, the picture 
channel can amplify the signal to produce 
the same total output. 

As another example, suppose the bias 
box voltage must be made more negative 
than the normal value, to prevent the pic-
ture from bending or overloading. This 
also would indicate a trouble in the pic-
ture channel because it could not produce 
a normal picture with normal bias. The 
trouble may be a defective i-f or video 
stage that overloads too readily, or a 
leaky coupling condenser in the i-f strip 
reducing the voltage on the bias line. 

If the bias box voltage needed to pro-
duce a good picture is the same as the 
normal bias, this indicates the trouble is 
not in the picture channel. When the bias 
box is removed, the AGC channel can 
function and should produce the same 
bias voltage on the distribution line. If 
not, the trouble is in the AGC channel. 

Excessive Signal Input. -- Sometimes 
the signal at the antenna terminals is so 
great that it cannot be controlled even 
when the AGC channel is operating prop-
erly. Buzz and a slightly overloaded 
picture will result. If the receiver loca-
tion is close to the transmitter, this is a 
definite possibility and should be inves-
tigated before servicing the receiver. 
Attenuate the antenna input signal, and 
if this produces a good picture, without 
the slightest trace of snow, then the sig-
nal input on that particular channel is 
probably excessive and should be atten-
uated. However, before this can be posi-
tively established, the bias on the r-f 
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amplifier should be checked to eliminate 
the possibility of very low r-f bias. Con-
versely, too high a bias on the r-f ampli-
fier will produce snowy pictures even if 
there is adequate signal input. 

LOCALIZING TROUBLES TO THE BIAS LINE 
OR TO THE AGC CIRCUIT 

34-9. -- Having narrowed the trouble 
down to the AGC channel the next step is 
to localize the trouble further to either 
the AGC circuit itself or the bias distri-
bution system. This is done by making 
two voltage checks: one at the output of 
the AGC Circuit, and one at the point 
where bias is taken off to the i-f tubes. 

Consider the representative circuit 
shown in Fig. 34-20. The voltage at A 
is the total output of the AGC system. 
Point B is the i-f bias take-off point. If 
there is no voltage at point A, the trouble 
is in the AGC circuit, since there is no 
voltage output from the AGC system. 

If there is voltage output at point A, 
but no voltage at point B, then the bias 
voltage is being lost in the bias distribu-
tion line. This could be caused by a 
short in the filter condensers C 2 or C 3; 

or an open circuit in the line. 

If there is a normal voltage at points 
A and B, but a higher than normal negative 
voltage at C, the r-f bias take-off point, there 
is an open circuit in the r-f bias voltage 
divider circuit. 

1 

AGC 
amplifier 

or 
rectifier 

1 

A.G.C. circuit 

TROUBLESHOOTING THE BIAS DISTRIBUTION 
NETWORK 

34-10. -- When the bias voltage is com-
pletely lost in the bias line, the trouble 
is due to either an open in the bias line, 
or a shorted capacitor across the line. 

If the i-f bias voltage is low, it is 
necessary to determine whether this is 
due to incorrect division by the voltage 
divider in the bias distribution network, 
or insufficient voltage delivered to the 
voltage divider by the AGC circuit. 

output of 
A 6 C  

circuit 

150K 

1R2 

150K 

Fig. 34-21 

Consider the circuit shown in Fig. 
34-21 and let us assume that only 2 volts 
is measured at the i-f bias take-off point 

8+ 

Fig. 34-20 

r-f 
bias 
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C, which is too low. If the distribution 
system is suspected, it can be analyzed 
in the following way. Using the values 
given in the schematic diagram, roughly 
compute the voltages that should exist at 
various points of the voltage divider 
based on 2 volts at point C. Since R3 and 
R4 are equal, the voltage at point B 
should be twice the voltage across R4, ,or 
4 volts. R3 and R4 add to approximately 
150,000 ohms, and this is in parallel with 
the 150,000 ohms of R2, so there is about 
75,000 ohms across points B and D. The 
resistance of A-B is twice that of B-D, 
so that if there is 4 volts across B-D, 
there should be 8 volts across A- B, 'mak-
ing a total of 12 volts from point A to the 
ground point D. If 12 volts is measured at 
A, the voltage divider is functioning prop-
erly. Therefore, the trouble of low i-f 
bias at point C is due to low voltage out-
put from the AGC circuit for the divider, 
since the divider is functioning normally. 
If the voltage measured at A is higher 
than 12 volts, then the trouble of low i-f 
bias at point C is due to the fact that the 
output voltage of the AGC circuit is in-
correctly distributed by changed resist-
ance values or shorted capacitors in the 
divider network. 

TROUBLESHOOTING THE AGC CIRCUIT 

34-11. -- Up to this point, we have 
discussed how to analyze and determine 
whether the symptom of trouble is caused 
by a defect in the AGC circuit. We will 
assume that this has been done and now 
discuss the troubleshooting of the AGC 
circuit itself. 

Direct AGC. -- This circuit is one in 
which the AGC bias voltage is taken 
directly from the output of the AGC recti-
fier, without amplification, as in Fig. 
34-22. This type of circuit cannot have a 
defect that develops cutoff bias. The bias 
is developed from rectified signal, and if 
the picture i-f stages were to be cut off, 
this would remove the source of the bias 
voltage. Furthermore, localization of a 
trouble to this AGC circuit also isolates 
it to the AGC rectifier, since this is the 
only stage in a direct AGC circuit. 

from 
last .ji  

picture- I I 
i-f 

AGC 
rectifier 

8 

AGC rectifier 
load resistor 

Fig. 34-22 

AGC filter 

I I 

Referring to Fig. 34-22, if there is no 
voltage at the output of the rectifier, 
measured at point A, the bias line should 
be checked for a short. Do not measure at 
point B because the r-f signal appears at 
this point and the meter will short out the 
signal. If the trouble is not due to a short 
at the output then the AGC diode is not 
conducting. This can be due to a bad 
tube, lack of input signal, or a defect in 
the diode load circuit. 

Amplified AGC. -- If trouble is local-
ized to this AGC circuit, it must be fur-
ther localized to the rectifier or amplifier 
stage. As shown in Fig. 34-23, in AGC 
circuits of this general type, the AGC 
rectifier produces a d-c voltage which 
varies with the signal strength. The AGC 
amplifier then amplifies and inverts this 
voltage so that it has the proper polarity 
and magnitude for use in controlling the 
bias of the receiver. The AGC amplifier, 
thereforethas the function of amplifying a 
d-c control voltage, rather than a signal. 
A defect in the AGC amplifier affects the 
amplification of this control voltage and 
its final value at the output, with the re-
sult that the gain of the receiver is not 
at the correct level. 

No Bias Condition. -- If there is no 
voltage output at the plate of the AGC 
amplifier, it is possible that the load re-
sistor is being shorted by a shorted out-
put filter capacitor. Its usual connection 
is indicated by C3 in Fig. 34-23. This 
can be determined by resistance checks. 
If the trouble is not a short in C3 then 
there is no voltage output because the 
AGC amplifier is not conducting, and 
therefore no voltage drop across its load 
resistor R1. In order for this tube to con-
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duct, it must have either a positive pulse 
on the plate, ,or a negative supply voltage 
on the cathode, depending upon the par-
ticular circuit ariangement. These two 
circuit arrangements are very similar 
as far as troubleshooting is concerned 
Either circuit must operate with its plate 
returned to ground so that a negative 
bias voltage is available. In one type of 
circuit, the amplifier tube is made to 
conduct with a negative voltage, from the 
power supply, applied to its cathode. In 
the other arrangement, a positive pulse 
from the horizontal output circuit, is 
coupled to the plate. This flyback pulse 
is a very sharp pulse of very short dura-
tion and very high peak amplitude, but 
the presence of the pulses can be deter-
mined with an output meter. The meter 
will give a reading depending upon the 
average value which is a bout 50-75 volts, 
measured on the 250 volt scale. 

To repeat, ,then, if the AGC amplifier 
tube does not conduct there is no voltage 
across the plate load. If the tube has 
either the required positive plate pulse, 
or negative cathode voltage, and the tube 
is good, then it is not conducting because 
of cutoff bias voltage between the grid 
and cathode. This can be checked by 
momentarily shorting the grid to the cath-

ode, Whatever bias there was on the tube 
will now be reduced to zero. If the trouble 
was high grid bias, the tube will now be 
able to conduct at maximum and produce 
maximum negative plate voltage output. 
This excessive output bias voltage will 
cut off the picture and sound and leave a 
blank raster, establishing that the reason 
for the non-conduction of the AGC ampli-
fier tube was its high bias. 

To find out why the AGC tube is being 
held cut ,off, we should recall that this is 
a d-c amplifier circuit and the voltages on 
the grid of the amplifier are determined 
by the amount of conduction of the stage 
to which it is connected. The AGC ampli-
fier fixed bias is normally near cutoff. 
The grid of the AGC amplifier is direct-
coupled to the cathode of the AGC recti-
fier, ,and when current flows in the recti-
fier cathode circuit it makes the bias on 
the AGC amplifier less negative. Current 
flow in the rectifier's cathode circuit 
develops a positive voltage to ground, 
which overcomes the negative bias on the 
amplifier, making the total bias on this 
stage less negative. This means that in 
order for the amplifier to conduct, the 
rectifier must conduct. The rectifier 
needs signal voltage to make it conduct. 



TELEVISION SERVICING COURSE, LESSON 34 
34-20 

Having determined then that the reason 
for no AGC bias output is that the AGC 
amplifier tube is not conducting because 
it is held cut off, there are two possibili-

ties for this condition: 

1. The AGC rectifier is not conducting 
enough to overcome the fixed nega-
tive bias on the AGC amplifier, or, 

2. The fixed bias is higherethan normal 
because of some defect in the fixed 
bias voltage divider to the AGC 
amplifier tube. 

These possibilities can be checked by 
making resistance and voltage measure-
ments of the voltage divider in the ampli-
fier circuit, and by a check of the AGC 
rectifier tube and its electrode voltages. 

Excessive Bias Condition. -- If a no 
picture — no sound trouble has been local-
ized to the AGC circuit, it indicates that 
the AGC amplifier is producing high bias 
because of excessive conduction. This 
can happen because of insufficient grid-
cathode voltage on the AGC amplifier 
stage. One way to check this is to con-
nect the bias box to the grid and cathode 
of the AGC amplifier, and adjust the 
negative voltage over its range. If a good 
picture appears on the kinescope at some 
output from the bias box, ,this shows that 
insufficient negative grid voltage was 
supplied to the AGC amplifier, due to a 
defect either in the bias network of the 
AGC amplifier, or in the AGC rectifier 
which is directly coupled to the amplifier. 
If no voltage output can be measured from 
the bias box when it is connected, then 
the AGC amplifier's grid bypass condens-
er is shorted or the tube itself has an 
internal grid to cathode short. The bias 
box control should be turned very slowly, 
to allow the filter condenser in the plate 
of the AGC amplifier time to follow the 
change in voltage. 

Another way to determine the above, 
without using the bias box, is to measure 
the voltage between the grid and cathode 
of the AGC amplifier tube. This voltage 
should be enough to limit the conduction 
of the AGC amplifier tube to a certain 
amount depending upon the incoming sig-
nal. It should be somewhere between zero 

and approximately ten volts, which is the 
approximate cutoff voltage, depending 
upon the type of tube used. However this 
requires a knowledge of the voltages to 
expect. These can be obtained from the 
service data or a tube manual. The bias 
box method is more general, and does not 
require a knowledge of the voltages 
involved. 

If it is determined by the above tests 
that the defect is due to insufficient neg-
ative grid voltage on the AGC amplifier, 
then the trouble is either in the voltage 
divider in its grid circuit, or in the AGC 
rectifier circuit. If there is some defect 
in the AGC rectifier circuit which causes 
it to conduct too much, the positive recti-
fier output voltage will overcome the 
fixed negative voltage applied to the AGC 
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amplifier, causing excessive plate current 
and excessive output bias voltage. 

Summary. -- The tests and localizing 
procedures described in this lesson for 
AGC troubles are summarized here with 
the aid of the block diagram in Fig. 34-24. 

The symptom on the kinescope screen is 
analyzed by one of the tests described co 
localize the trouble to either the AGC or 
picture channel. A blank raster may be 
caused by high bias from the AGC chan-
nel. If this is the trouble, shorting the 
bias line to ground will remove the high 
bias and allow an overloaded picture to 
appear. This localizes the trouble to the 
AGC channel. 

An overloaded picture may be caused 
by no bias from the AGC channel. If this 
is the trouble, substituting a fixed bias 
from the bias box will allow a picture to 
appear. This localizes the trouble to the 
AGC channel. 

Once the trouble is established in the 
AGC channel it is further localized. If 
the symptom is a blank raster, it is being 
caused by excessive bias from the AGC 
channel, and is due to excessive conduc-

tion in the AGC amplifier. 

If the symptom is an overloaded pic-
ture, . this is caused by no bias from the 
AGC channel. Th‘. trouble is either in the 
AGC circuit or in the bias distribution 
line. If there is no voltage at the input 
to the line (output of the AGC circuit), 
the trouble is in the AGC circuit. In 
direct AGC the trouble is probably no 
conduction in the AGC rectifier; in an 
amplified AGC circuit the trouble is prob-
ably no conduction in the AGC amplifier 
or rectifier. 

If there is voltage at the input to the 
bias line, but no voltage at its output, 
then the trouble is in the bias lines 

If the condenser in the AGC filter 
opens, ,the fact that the AGC voltage is 
not filtered enough allows the bias volt-
age ro vary too rapidly. This may cause 
sync buzz in the sound output or produce 
regular pulsations of the picture intensity, 
equivalent to " motorboating" of the pic-
ture. When a trouble of this kind is en-
countered, .the AGC filter condensers can 
be checked as a possible source of the 
trou ble. 
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PART I — SYNCHRONIZING CIRCUITS 

NEED FOR SYNCHRONIZING CIRCUITS 

35-1. — In addition to the video or 
picture components, the composite video 

signal contains the blanking signals to 
cut off the spot of the picture tube during 

horizontal and vertical retrace periods 
and the synchronizing signals to control 
horizontal and vertical sweep. To see 
how the sync signals are related to the 

video signal as a whole, let us refer 
briefly to the standard representation of 
the composite signal shown in Fig. 35-1. 
The synchronizing pulses are the narrow 
pulses on top of the blanking signal ped-
estals, extending into the blacker-than-
black region. 

one line , 

--0-j 

horizontal ! 
sync signal 

blanking 
signal maximum level 

, V ioo 2 
lblacker than 
1 black region kblack level (7 52 ± 2.5%) 

picture 
element 
' region 

time 

Bursts of static and some other types 
of interference sometimes appear as sud-
den increases in signal amplitude in the 

blacker-than-black region. Since the syn-
chronizing pulses are in this blacker-than-
black region, interference pulses or tran-
sients could upset the picture synchroni-
zation and cause the lines to jitter or the 
picture to jump. This makes it necessary 
to have a strong transmitter signal for 
good television reception. The ratio of 

signal to noise must be kept as high as 
possible. In addition, special circuits 
may be used to clip off or reject noise 
pulses while accepting the sync signals. 

The sync pulses must be separated 
from the composite video signal before 
they can be used to control the horizon-
tal and vertical sweep circuits. It is de-
sirable to make this separation at a point 
where the signal amplitude is of sufficient 
value so that a minimum of further ampli-
fication of the sync pulses is necessary. 
Both the horizontal and vertical sync 
pulses are clipped from the composite 
video signal, amplified, separated from 
each other by filter circuits, and then 
applied to control the frequency of the 
horizontal and vertical sweep oscillators. 
The essential steps in this process are 
illustrated here. 
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The vertical pulses are not shown in 
the composite video signal of Fig. 35-1. 
They occur only at the end of each field 
or after 262 1/2 lines. Since there are 60 
fields per second, the vertical pulses 
must occur at a repetition rate of 60 per 
second. The nature of the pulses will be 
expained later in the lesson. 

CLIPPING AND AMPLIFYING SYNC PULSES 

35-2. Clipping Circuits. — Separation 
of the synchronizing pulses from the rest 
of the composite video signal takes place 
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in a clipping circuit which, in effect, 
slices off the peaks in the blacker-than-
black region and passes them along to 
the synchronizing circuits while reject-
ing the remainder of the wave. Both the 
horizontal and vertical sync pulses are 
clipped and passed along, to be separated 
by suitable filters. 

The clipping action is performed by a 
clipper stage. All that is required is to 
bias a tube, ' almost any type of tube, in 
such a manner that only the peaks of the 
composite video signal, the sync pulses, 

have sufficient voltage amplitude to 
cause current to flow. A diode could be 
used f'or this purpose, but sharp cut-off 
triodes or pentodes are most frequently 
used because of the additional ampli-
fication they provide. 

Clipping Action of a Diode. — Figures 
35-3and35-4 show two simplified circuits 
in which a diode could serve to clip the 
sync pulses from the remainder of the 
composite video signal. The particular 
circuit used depends upon whether a pos-
itive or negative going video signal is 
used as the input. 

positive going 
composite video 

signal 
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.11.  

The diode clipper circuit for a positive 
going input signal is shown in Fig. 35-3. 
For such a signal, increased signal am-
plitude means an increased positive vol-
tage. In order to pass only the sync pul-
ses, a negative bias must be applied to 
the input circuit of the diode clipper. 
The input voltage is applied to the plate 
of the diode across resistor R and the 
bias voltage; the output is taken from the 
load resistor, RL, in the cathode circuit. 

The negative bias voltage is set at a 
value just above the blanking voltage, so 

that no current can flow through the diode 
until the higher positive voltage of a sync 
pulse causes the plate of the diode to be-
come more positive than the cathode. As 
the tube conducts briefly for the period 
of the pulse, a positive pulse develops 
across the cathode load resistor as the 
sync output of the clipper. 

ºr) 

Fig. 35-4 

output 

of clipper 

For a negative going input signal, the 
diode connections are reversed, as shown 
in Fig. 35-4. In this case the sync pul-
ses of the composite video signal corres-
pond to the negative peaks of the wave. 
In order to pass only the sync pulses in 
this case a positive bias must be applied 
to the input circuit of the diode clipper. 
The input voltage is applied at the cath-
ode, across Rk and the biasing voltage, 
while the output is taken from the load 
resistor RL in the plate circuit: In this 
case we set the positive bias voltage at 
a level just above the blanking level of 
the composite signal. Then, no current 
can flow through the diode until the 
higher negative voltage of a sync pulse 
causes the cathode to become more neg-
ative than the plate of the diode. The 
tube conducts for the brief period during 
which the negative voltage of the pulse 
over-rides the positive bias in the cath-
ode input circuit. 

Instead of using a battery to provide 
bias for the clipper tube, it is much more 
practical to use a biasing resistor which 
will operate automatically to adjust the 
bias voltage in accordance with varia-
tions of the peak amplitude of the input 
signal. 

Clipping Action of a Triode or Pent-
ode. — Just as in the case of the diode, 
by providing a means for obtaining the 
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proper biasing voltage, a triode or pent-
ode can be made to act as a clipper, at 
the same time amplifying the clipped 
sync. The clipping action of a triode or 
pentode is illustrated in Fig. 35-5. 

grid 
current 
flows 

e 

Ip 
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The point at which clipping occurs de-
pends on the amplitude of the input sig-
nal and the adjustment of the bias at the 
grid of the clipper tube. Let us first use 
a sine wave input to see what happens. 
If the tube is designed to operate as a 
normal amplifier, we select grid and plate 
voltages and circuit components such 
that the tube will operate on the straight 
portion of its dynamic characteristic 
curve at point S in Fig. 35-5. Then sine 
wave A will appear witlethe same wave 
form in the output, except that it has 
been amplified. If we overload the tube, 
or operate over a bend in the character-
istic curve, we do not get faithful re-
production of the waveform; the output 
is limited by cutoff of the negative ençl, 
and at the positive end by limiting of the 
grid voltage. Grid current flows, ' tending 
to keep the grid from going very positive. 
Or, if the grid- signal source can drive 
the grid positive in spite of grid current, 
there may be plate saturation limiting, 
when nearly all the electrons reach the 
plate, and a rise in grid voltage cannot 
produce any more current. This situa-
tion can be brought about more easily by 

using abnormally low plate voltage. In 
Fig. 35-5, B shows a wave limited at the 
upper end by grid current; wave C is li-
mited by plate saturation; D illustrates 
limiting at the negative end by cutoff. 

What does all this about limiting have 
to do with clipping, which we were in-
terested in? In reality, the two are just 
about the same; limiting rejects extremes, 
and passes all the signal within the 
limits; clipping passes only that part of 
the signal which exceeds a certain limit. 

composite 
video 
signal 

0 -R 
sync pulses clipped 
and amplified 

Fig. 35-6 

To pass only the sync pulses, clipped 
from the composite video signal, we 
operate as in Fig. 35-6. The positive-
going signal is applied to the grid cir-
cuit of the clipper tube. The sync pulses 
are the most positive part of the signal. 
Operating conditions are selected so 
that only the desired sync pulses are 
amplified. 
A sync clipper circuit is shown in 

in Fig. 35-7. Notice that a clipper differs 
from a normal amplifier in the low value 
of plate voltage and the high values of 
coupling capacitor and input resistor. 
These operating conditions result in 
automatic grid bias and clipping action. 
Since the tube, which should be of the 
sharp cutoff type, operates at zero grid 
bias with no signal applied, any positive 
voltage applied to the grid will cause 
grid current, and a negative biasing volt-
age will be developed by the coupling 
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condenser and the grid resistor. This 
biasing voltage is proportional to the 
peak voltage of the input wave. Since 
the peak voltage is the voltage level of 
the tips of the sync pulses, the biasing 
voltage will be proportional to the level 
of the sync pulses, thus providing auto-
matic grid bias for the clipping action 
by the tube. 

output 
voltog2 

The time constant of the input circuit 
of coupling capacitor, Cc, and the grid 
resistor, R 0, is sufficiently long so that 
the biasing voltage across R maintains 
the circuit at plate current cutoff during 
the greater part of the input cycle, with 
the tube conducting only during the most 
positive parts of the input signal — the 
sync pulses. The sync pulses, clipped 
and amplified by the tube, are inverted 
in polarity, just as in conventional am-
plifiers. 

input —.I 

sync 
limiter 
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Sync Limiter or Leveler. — The auto-
matic biasing action is improved by con-
necting a diode across the input circuit, 
as shown in Fig. 35-8. This is called a 
sync limiter or leveler, and its action is 
similar to the d-c restorer used in capac-

itive coupled video amplifiers. Its opera-
tion is the same as a damper circuit. 
Basically, its purpose is to provide the 
grid bias needed so that the sync pulses 
are all lined up for the clipping action of 
the triode or pentode clipper tube circuit. 

FUNCTION OF THE SYNC PULSES 

35-3. — The sync pulses are timing 
signals which determine the exact mo-
ment for the termination of each line and 
field of the television picture. For the 
standard of 525 lines to a frame, the 
horizontal sync pulse frequency is 15,750 
per second. This represents a time in-
terval of 63.5 microseconds between 
pulses; but, the pulse itself occupies 
only 41/2 to 51/2 microseconds of this time. 

The vertical pulse must determine the 
time to terminate each scanning field. 
Since two fields make one frame, each 
fi.eld occupies an interval of 1/60 of a 
second and the repetition frequency of 
the vertical pulses must be 60 per sec-
ond. Since the scanning lines of the two 
fields in a frame must be interlaced, the 
exact timing must be set very accurately. 

Waveform of the Horizontal Sync Pulse. 
— Definite standards have been set for 
the shape of the horizontal sync pulse in 
the composite video signal. In the F.C.C. 
standard television waveform, Fig. 35-9, 
the horizontal sync pulse is an added 
signal amplitude on top of the blanking 
signal pedestal. The symbol II designates 
the interval of a single horizontal line; 
that is from the beginning of one hori-
zontal pulse to the beginning of the next 
pulse. The active line visible on the 
kinescope screen occupies 85 per cent 
of the interval H, while the blanking 
period takes up the remainder. The hori-
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zontal sync pulse takes up approximately 
one half of the blanking period interval. 

The blanking period is longer than 
the sync pulse. The blanking signal on 
the kinescope grid must shut off the spot 
before the horizontal sync pulse operates 
to start the retrace, and the spot must 
remain off until it is in the proper posi-
tion to start the next line. Those inter-
vals are shown as a " front porch" of no 
less than 0.02H and a " back porch" of 
about 0.06H. Actually, the retrace of 
the electron beam is completed in a 
slightly shorter interval than the blank-
ing time. This tolerance is necessary to 
allow for minor variations in the opera-
tion of the sweep circuits. How long the 
retrace takes depends on the receiver's 
scanning circuits. 

Waveform of the Vertical Sync Pulses. 
— The vertical sync signal must initiate 
the retrace of the electron beam from the 
bottom of one picture field to the top of 
the next. The two fields are interlaced. 
The spot must be blanked out during a,p 
interval somewhat longer than the retrace 
period, to allow for exact positioning. At 
the same time it is essential that the 
horizontal sweep remain synchronized. 
To meet all these requirements we need 
the vertical synchronizing signal wave-
form shown in Fig. 35-10. 
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First of all, the blanking period is 
equal to approximately 29 horizontal 
lines with some leeway at the trans-
mitter, and with the receiver responding 
accordingly. During this blanking period 
of, let's say, 20 horizontal lines, hori-
zontal sync pulses must continue. The 
portion of the complex waveform which 
is the vertical sync pulse occupies an 
interval equal to 3 horizontal lines. In 
order not to interrupt the horizontal sync 
signals which would normally be present 
during this period, the vertical sync 
pulse is "chopped" or serrated; that is, 
it is broken up into six pulses with sharp 
dips occurring at twice the frequency of 
the horizontal sync pulse. Exact posi-
tioning of the vertical pulse is provided 
by means of groups of equalizing pulses 
at twice the horizontal frequency placed 
immediately ahead of and following the 
six serrated sections of the vertical 
pulse. 

We do not see all of the 525 lines of 
a _picture frame. Since the blanking period 
between fields occupies an interval of 
about 20 lines, the lines produced while 
the beam retraces from the bottom to the 
top of the screen are blanked out. The 
retrace path is a zig-zag line not visible 
in the picture. By turning up the bright-
ness control of a receiver this retrace 
path can be seen. The visible lines in, 
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each field in the norma: raster would be 
2621/2 - 20 = 2421/2; and in the complete 
frame 525 - 40 = 485 lines. 

The alternate blanking intervals shown 
in Fig. 35-19 for the first and second 
fields of a picture frame do not contain 
identical signals. The half-line differ-
ence in the portion of the sync pulses 
in even and odd fields provides inter-
lacing of the two fields. 

Separation of Horizontal and Vertical 
Sync Pulses. — The clipping circuit des-
cribed earlier gives an output containing 
all the signals necessary for properly 
synchronizing the horizontal and vertical 
sweeps with the transmitted signal. In 
order to make use of these, there must be 
some provision to select the horizontal 
sync pulses and deliver them to the re-
ceiver's circuits. This is done by means 
of RC filter circuits, 'which are capable 
of passing only the desired pulses. The 
horizontal synchronizing pulses are 
separated from the total sync voltage and 
coupled to the horizontal deflection cir-
cuits to control the timing of the hori-
zontal scanning; the vertical synchroniz-
ing pulses are separated from the total 
sync voltage and coupled to the vertical 
deflection oscillator to synchronize the 
vertical scanning. 

We have seen that the horizontal and 
vertical sync pulses differ both in repe-
tition rate and in waveform. The hori-
zontal sync pulses are short sharp bursts 
of amplitude, rising to full value as fast 
as possible, remaining there for a speci-
fied time, and then returning to zero. If 
the interval between horizontal sweeps 
is called II (equal to 1/15,750 sec.), 
then the time specified for the duration 
of the pulse is 9.08H. This means that 
the signal is zero most of the time, and 
is on for only 8% of the time.. 

At the end of each field, the extra 
"equalizing pulses" are inserted, for 
reasons to be described later, thus dou-
bling the pulse frequency. These pulses 
have one-half the width of the horizontal 
pulses. After six pulses in the equal-
izing interval, the vertical pulse appears. 
As can be seen in Fig. 35-10, this is 
not a pulse which appears added to the 

ones already chere, but is really a change 
in the character of the pulses. Instead 
of the pulse being on for 8% of the time 
and off 92% of the time, the reverse be-
comes true; the pulse is lengthened to 
fill 92%, with an off period of only 8%. 

This continues for six pulses ( equal to 
three horizontal sweeps) followed by 
another six- pulse equalizing interval; 
then the equalizing pulses are omitted, 
and normal horizontal pulses continue. 

With the description of both synchro-
nizing signals before us, it is necessary 
only to compare the two, finding the 
identifying characteristics, and see what 
sort of circuits can be used to tell one 
from the other. Since the horizontal scan-
ning continues without interruption 
through the vertical retrace, we look for 
some continuing feature. We find that 
the vertical rise at the start of each 
pulse is the one thing that continues 
strictly in form and in proper time (the 
extra ones won't hurt this argument). 
For this we need some circuit which is 
responsive to sudden rises, but not — 
since it must work through the vertical 
sync interval — to the length of the 
pulse. A study also shows that the cir-
cuit which handles the vertical sync 
must be responsive to pulse length, but 
not to sudden changes such as occur be-
fore, during, and after the vertical sync 
signal. 

Differentiating and Integrating Cir-
cuits. — A differentiating circuit is one 
which passes along sudden changes but 
which returns the output to a normal 
steady value, no matter how long the 
new input remains applied. See Fig. 35-
11(a). It is the same thing as a high-
pass filter in sine- wave and audio ap-
plications. An integrating circuit builds 
up its output voltage when a signal is 
applied, and allows it to leak off with 
the input drops; momentary jumps in the 
input, therefore, have little effect on the 
output, if they are short enough. Fig. 35-
11(b) shows this circuit; it is the same 
thing as a low-pass filter. " Integrating" 
in this case means averaging the energy 
in the pulses. 

With pulses of long duration and short 
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spaces, the output goes up; with short 
pulses and long spaces, the output falls 
to zero, as will be explained in greater 
detail later. Both circuits are simply a 
series resistor- capacitor filter, and dif-
fer as far as circuit arrangement is con-
cerned only in where the output is taken. 

o  

input R output 

(a) differentiating circuit 

—n— 
input 

(b) integrating circuit 

Fig. 35-11 

kr 
peaked wave 

yehc— 
sawtooth wave 

.As the leading edge of a pulse is ap-
plied to an RC circuit ( either one in Fig. 
35-11), the sudden rise in voltage causes 
a maximum flow of current through the 
resistor as the capacitor begins to charge 
followed by an exponential drop in cur-
rent as the capacitor charges. The out-
put voltage across the resistor would 
then be a peaked wave, while the output 
from across the capacitor would be a 
gradual voltage rise corresponding to 
the charging capacitor voltage. The ex-
act shape of these output waveforms will 
depend upon the time constants of the 
RC combinations — a sharp peaked wave 
across the resistor and a sharp rise in 
voltage across the capacitor for a short 
time constant, and a broader peak across 
the resistor with a slower voltage rise 
across the capacitor for a longer time 
constant. The differentiating circuit has 
a short time constant, and the output is 

taken across the resistor; the integrating 
circuit has a long time constant, and the 
output is taken across the condenser. 

During the flat portion of the pulse 
the input voltage remains substantially 
constant. Where the RC combination has 
a short time constant, the capacitor may 
become fully charged before the com-
pletion of the pulse; in which case the 
voltage across the resistor would drop 
to zero, while across the capacitor the 
voltage would reach a maximum and re-
main at that value for the remaining 
period of the pulse. For a longer time 
constant the capacitor does not become 
fully charged. At the completion of the 
pulse the sudden drop in voltage, repre-
sented by the trailing edge, permits the 
capacitor to discharge. This results in 
a sudden current through the resistor in 
the opposite direction, followed again 
by an exponential drop in voltage as the 
capacitor discharges. This means in ef-
fect that in circuit ( a), a sharper-peaked 
output is approached as the time con-
stant becomes shorter in relation to 
pulse length; for circuit ( b) as the time 
constant becomes longer, the effect of 
the individual pulses becomes less and 
less. Now it can be seen that the output 
of a differentiating circuit is the result 
of rate of change in the input signal, with 
little regard to average input; the output 
of an integrating circuit depends on 
average input, with little regard to sud-
den or short-time changes. 

Sync Separation Circuits. — Substan-
tially complete separation of the hori-
zontal and vertical sync signals can be 
obtained by using combinations of dif-
ferentiating and integrating circuits to-
gether with amplifier tubes, as shown in 
Fig. 35-12. The combined input signal is 
applied at 'A, so that both the horizontal 
and vertical pulses are available at the 
input to the combination of high-pass 
(differentiating) and low-pass ( inte-
grating) filters. The horizontal sync 
pulses are readily Occepted by the for-
mer, but are rejected by the latter while 
the vertical sync signals are accepted 
by the latter only. The networks in the 
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plate circuit of the tubes give additional 
.shaping of the pulses. 
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Since an amplifier, even when used 
as a clipper tube, will invert the polarity 
of the signal, the total number of addi-
tional amplifier stages through which 
the signal passes will determine whether 
the 'final sync signal is positive or nega-
tive. This is illustrated in Fig . 35-13. 

Fig. 35-13 

When the equalizing pulses and the 
vertical sync pulses are applied to the 
differentiating circuits the action is 
somewhat more complex, as indicated in 
Fig. 35-14. The frequency of these 
pulses is . twice that of the horizontal 
sync pulses, and twice as many positive 
and negative peaks are formed by the 
action of the differentiating circuit. 
Only the leading edges are used. The 

double frequency is made necessary by 
the interlace system of scanning and 
the half-line shift for the beginning of 
each successive field, as indicated in 
Fig. 35-14. 
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When a field ends at the end of a line 
the first equalizing pulse starts at the 
position which corresponds to the normal 
horizontal pulse; that is, distance 
from the beginning of the previous pulse. 
This equalizin_g pulse, therefore, fur-
nishes -a peak for the horizontal sweep 
circuit, as do all the alternate peaks 
four ed by the leading edges of equaliz-
ing pulses and the serrated vertical 
pulses. These are indicated in Fig. 
35-14a. 

The next field, however, ends in the 
middle of a line. In this case the first 
equalizing pulse is positioned at a dis-
tance only V2H from the beginning of the 
last horizontal sync pulse of the field. 
But this equalizing pulse does not pro-
duce a triggering peak; it is the second 
equalizing pulse at an additional dis-
tance V2H which is now in the right posi-
tion for the triggering signal. At the end 
of the vertical sync signal there is a dist-
ance of one line, H, between the last e-
qualizing pulse and the following hori-
zontal sync pulse. 

Thus for each succeeding field the 
entire series of equalizing pulses and 
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serrated vertical pulses as a unit is 
shifted back and forth a distance of 
one-half line to obtain the proper posi-
tioning for interlacing the two fields of 
the frame, while the synchronizing sig-
nals for the horizontal sweep oscillator 
are provided without interruption. The 
purpose of the equalizing pulses is to 
provide uniform conditions surrounding 
the vertical sync pulse. In each case, 
the equalizing pulses not used for hori-
zontal sweep triggering are ignored by 
the sweep circuit, since the trigger func-
tions only when the sweep is nearly 
ready to start by itself. 

Operation of the Integrating Circuits. 
— Figure 35-15 illustrates the operation 
of the low-pass integrating circuit when 
horizontal and vertical sync pulses are 
applied to it. The circuit has a long time 
constant, so that the capacitor charges 
and discharges slowly. When the leading 
edge of a horizontal sync pulse is ap-
plied to the circuit, the capacitor starts 
to charge and continues to charge for the 
duration of the pulse. But, the horizontal 
sync pulse is very short, only 4V2 to 51/2 
microseconds, so that only a very small 
voltage is built up on the capacitor in 
that time. Then, as the following edge of 
the pulse is reached and the applied 
voltage is suddenly removed, the small 
voltage that has developed across the 
capacitor drops to zero. A small ripple 
of voltage of very low amplitude has re-
sulted. The same action is true for the 
equalizing pulses; but, since the dura-
tion of these pulses is shorter than for 
the horizontal sync pulses, the resulting 
ripple is even less noticeable. 
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When we reach the vertical synchro-
nizing pulse, the situation is different. 
Although there are six sections, we must 
note that the period of each pulse is 
very much longer than the extremely short 
gaps. As the first of the six sections of 
the vertical sync pulse is applied to the 
integrating circuit, the capacitor starts 
to charge and continues to charge during 
the period of the pulse. During the very 
brief interval when the applied voltage 
is removed, the capacitor can discharge 
only a very small amount before it starts 
to charge up further due to the voltage 
applied by the second section of the 
vertical pulse. This action is cumulative 
for the six sections of the pulse, with 
voltage across the capacitor rising to a 
maximum in a series of sawtooth steps. 
The presence of the equalizing pulses 
both before and after the serrated ver-
tical pulse insures that, despite the 
half-line shift at each field to provide 
for interlacing, the conditions for charg-
ing the integrating circuit capacitor are 
equalized for each field and the same 
waveform and maximum voltage is reach-
ed for each vertical sync output trigger-
ing signal. 

CIRCUIT ANALYSIS OF TYPICAL SYNCHRO 

NIZING CIRCUITS 

35-4. — Now that we have seen how 
the various stages in a synchronizing 
circuit operate, let's put them together 
and trace the signal through the entire 
synchronizing section of a receiver. We 
will examine basic types of synchroniz-
ing circuits used in typical receivers. 

Common Channel for Horizontal and 
Vertical Sync. — Referring to Fig. 35-16, 
the signal for the sync circuits is ob-
tained from the plate of the d-c restorer. 
The waveforms for the horizontal and 
vertical sync pulses show a negative 
polarity, with a voltage of 9 volts peak-
to-peak, as shown in Fig. 35-17a and b. 

Notice that most of the video informa-
tion has been cut off by the action of the 
d-c restorer. The signal from the d-c re-
storer is applied to the grid of the first 
sync amplifier ( 6SK7 — V118) where it is 
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amplified to give a positive polarity sig-
nal at the plate ( pin 8). This is shown in 
Fig. 35-17c and d. 
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The output of the first sync amplifier, 
V118, is capacitively coupled to the 
next stage, the sync separator V119, 

(b) Horizontal (9 volts peak to peak) 

(d) Horizontal ( 40 volts peak to peak) 

Fig. 35-17 



TELEVISION SERVICING COURSE, LESSON 35 
35-12 

through the 270 mmf capacitor, . C147. 
The sync separator tube separates sync 
from video, not one type of sync from 
the other. The time constant of C147 
with the grid resistance is such that an 
automatic grid bias is developed in ad-
dition to the normal — 5.2 volts fixed 
bias. V119, therefore, serves as a clip-
per, slicing off the sync pulses to give 
the waveforms shown below: 

(a) Vertical ( 75 volts peak to peak) 

(b) Horizontal ( 75 volts peak to peak) 

F ig. 35-18 

The signal is then applied to the 
second sync amplifier ( 6SN7, V120- A), 
to give the output shown in Fig. 35-19, 
which is coupled by C148 to the second 
sync amplifier. 

In summary, the first sync amplifier 
amplifies the negative sync signal from 
the d-c restorer. Noise impulses of great-
er amplitude than the sync will drive the 
grid voltage beyond cut-off, so that 
there is a compression of whatever noise 
is present in the sync signal. The next 
stage, the sync separator, is designed to 

(a) Vertical (35 volts peak to peak) 

(b) Horizontal (29 volts peak to peak) 

Fig. 35-19 

operate in such a manner that the nega-
tive portion of the applied signal, which 
is the video inforrration still present in 
the signal, is beyond the grid cut-off 
point. All video information is thus 
eliminated. The grid leak bias on the 
sync separator acts to hold the level of 
the sync pulses constant. The operating 
characteristics of the second sync am-
plifier are such that the negative sync 
signal applied at the grid drives the 
tube beyond cut-off, to clip the ampli-
tude of the sync pulses ( cutting off the 
tips) and provides a constant voltage 
output of the sync pulses. Thus these 
circuits fulfill the necessary require-
ments that the sync signal be complete-
ly separated from the video and the level 
of sync pulses to be applied to the de-
flection circuits be constant in ampli-
tude. 

The output of the second sync ampli-
fier is fed to the integrating and differ-
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entiating circuits where the vertical and 
horizontal sync pulses are separated 
from each other. With R160 (4700ohms) 
serving as the load resistor for the sec-
ond sync amplifier, two output paths are 
provided. The higher frequency hori-
zontal sync pulses pass readily through 
the small coupling capacitor C166 ( 82 
mmf) to the horizontal sync discriminator, 
not shown in'Fig. 35-16, while the much 
larger capacitor C149 (. 01mf) will pass 
both the horizontal and vertical sync 
pulses to the integrating circuit for the 
vertical oscillator (6J5 — V121). 

The input to the integrating network 
at the junction of C149, . R162 and R163 
shows these waveforms for the vertical 
and horizontal pulses: 

(a) Vertical (45 volts peak to peak) 

(b) Horizontal (30 volts peak to peak) 

Fig. 35-20 

The output of the integrating network 
at the junction of R165 and C153 
shows an integrated vertical sync pulse 
which looks like the waveform of Fig. 
35-21a. This pulse, when applied to the 

grid of the blocking oscillator, synchro-
nizes the triggering of the blocking os-
cillator to give the waveform at the grid 
of the 6J5 ( V121, pin 5) as shown in 
Fig. 35-21b. 

(a) Vertical ( 32 volts peak to peak) 

(b) Horizontal (350 volts peak to peak) 

F lg• 35-21 

Circuit with Sync Limiter Diode. — In 
the circuit shown in Fig. 35-22 the sync 
signals are taken from the output of the 
first video amplifier. T his makes the sync 
signal input independent of the setting of 
the contrast control, which is in the se-
cond video amplifier. The signal is fed to 
both halves of the 6SN7-GT (V108), la-
beled AGC rectifier and first synd se-
parator. 

The video is separated from the sync 
pulses to give the waveforms shown in 
Fig. 35-23. Resistor R141 (5600 ohms) 
isolates the input capacity of the sync 
circuit, which would otherwise cause a 
loss of high video frequencies in the vi-
deo amplifier. 
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Tn: first half of the 6SN7-GT (V108) 
labeled AGC rectifier performs a double 
function. It provides a control voltage, 
determined by the amplitude of the sync 
tips, for the AGC amplifier. It also 
serves to separate the horizontal sync 
pulses from the video. The composite 
video signal is also applied to the sec-
ond half of V108, labelled First Sync 
Separator, through the additional isolat-
ing resistor R142 ( 150K). The time con-
stant of C136 ( 0.22 mn and R140 ( 330K) 
in the cathode circuit of this stage op-
erates to keep the tube cut off for a 
period approachin g that of the vertical 
sync pulse. The video is removed and 
the sync pulses are in the output, as 
shown in Fig. 35-23a and b. 

The grid- to- cathode bias applied to 
the first section of V108, labelled AGC 
rectifier, is derived from two sources. 
The voltage from grid to ground is ob-
tained from a voltage divider network 
common to the plate circuit of the first 
video amplifier. The voltage from cath-
ode to ground results from the voltage 
divider network comprising resistors 
R137 ( 470 K), R138 ( 200 K), R139 ( 470 K), 
R216 ( 100K) and R217 ( 2700), with R137 
tapping the -120 volt point of the power 
supply and R217 grounded. The cathode 
has a normal voltage of -8.7 volts to 
ground. With the voltage from grid to 

ground at -19.3 volts, the grid to cathode 
normal bias is -10.6 volts. With the plate 
voltage to ground measured at 481 volts 
or the equivalent voltage of 72.3 volts 
from plate to cathode, the tube is normal-
ly cut off. 

The tube conducts only during the 
time when the pulses are applied, with 
the video information effectively below 
the cutoff level. The sync pulses appear 
in the output, the plate of the AGC recti-
fier, as in Fig. 35-23e and d. During the 
period that the tube conducts, the current 
from cathode to ground through resistors 
R216 and R217 results in a voltage pro-
portional to the level of the sync voltage 
in the input signal. This charges capaci-
for C135 (. 01 mfd) to give a filtered volt-
age that can be tapped off to provide a 
voltage source for AGC. The time con-
stant of the resistance and capacitance 
in the cathode circuit is such that the 
circuit responds best for the horizontal 
sync rate, since the by-pass action of 
the capacitor results in no degeneration 
at the horizontal sync frequency but ap-
preciable degeneration at the vertical 

sync frequency. 

The AGC rectifier, in addition to its 
AGC function passes the horizontal sync 
pulses with the vertical sync attenuated. 
The first sync separator passes the ver-
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(a) Vertical ( 26 volts peak to peak) 

(c) Vertical ( 24 volts peak to peak ) 

Fig. 

tical sync with some attenuated horizon-
tal sync. In both cases video information 
is effectively removed. The two outputs 
are then combined at the grid of the sync 
amplifier stage. 

The combined signal from both halves 
of V108 are amplified in the sync ampli-
fier section of 6SN7-GT ( V109), clamped 
by diode limiter (6A15-V105B) and then 

(3) Horizontal (25.5 volts peak to peak) 

(d) Horizontal (24 volts peak to peak) 

35-23 

35-15 

applied to the second sync separator sec-
tion of V109, with the output of ¿hat stage 
taken from the cathode. The sequence of 
sync amplifier, limiter and sync separator 
stages is shown in the simplified diagram 
of Fig. 35-24. 

Sync pulses with the tips going nega-
tive are present on the grid of V109A. The 
tube is biased in such a manner that the 

-60V +215V -60V horizontal 

+I25V 

vertical 

Fig. 35-24 
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tips of the sync pulses are cut off as shown 
below, since they have sufficient amplitude 
to drive the grid voltage below cutoff. 

Fig. 35-25 

This action cleans, up the tips of the 
sync pulses and limits any noise amplitude 
present in the signal. Since the action of 
the tube inverts the polarity of the applied 
signal, the output is a positive- going sig-
nal. This is coupled to the grid of the sync 
separator, V109B, through the 100 mmf cou-
pling capacitor. 

The diode limiter, . V105B, acts in the 
same manner as a d-c restorer to line up the 
tips of the sync pulses by establishing a 
definite grid bias or reference level for the 
grid of V10913. When the grid of V109B is 
driven positive, the diode provides a path 
for charging the grid condenser, without 

going through the cathode resistance of 
V109B. 

In order to provide isolation between 
the video and sync circuits and to obtain 
the proper polarity, of sync pulses ( positive-
going) to be sent on to synchronize the de--
flection generators, the sync separator, 
V109B, is operated as a cathode follower 
stage; the output is taken from the 6800-ohm 
cathode resistor R150. 

The schematic in Fig. 35-22 indicates 
that the limitçr diode V105B has —80 volts 
on the plate, and —60 volts on the cathode, 
with no signal input. Since there is no ap-
plied d-c bias, this difference must be the 
result of a rectified signal. That this is so 
can be shown by removing the converter 
tube, and noting that the difference dis-
appears. Because there is no applied sig-

nal, there must be noise in the r-f ampli-
fier and converter tubes, which is recti-
fied to give the 20-volt difference. 

From the cathode-follower output of the 
sync separator, the vertical sync pulses 
and the horizontal sync pulses are sepa-
rated so that they can be used to time 
their respective sweep circuits. The ver-
tical sync pulses-are integrated and ap-
pear at the output of the integrating net-
work at the junction of C144, C145, and 
R153. This triggers the vertical sweep 

oscillator. 

Separate Horizontal and Vertical Sync 
Channels. — As shown in Fig. 35-26, in 
this circuit the horizontal and vertical 
sync pulses are amplified in separate 
stages. The use of separate circuits re-
sults in better control of noise and other 
interference, so that more stable sync 
signals are delivered to the vertical and 
horizontal oscillators. 

The signal source for sync-circuits is 
the output of the video amplifiers which 
provides positive sync. Video signal is 
coupled to both triode sections of the 
6SN7GT (V113) labelled sync separator. 
Here the vertical and horizontal sync 
pulses are separated from the video infor-
mation. The output of one triode section 
goes to the vertical sync amplifier V114A, 
which supplies integrated sync voltage 
tor the vertical sweep oscillator. The grid 
of V114A returns to + 140 volts in order 
to limit the negative sync pulses in the 
input. T.he other triode section of V113 
supplies sync to the horizontal sync am-
plifier V112. The cathode voltage of V113 
is connected to the AGC amplifier to 
serve as the AGC control voltage. Two 

stages are used for the horizontal sync 
amplifier, with the horizontal sync output 
across the cathode resistor R180 coupled 
to the horizontal control tube. 

PART II -TROUBLESHOOTING SYNCHRONIZING 
CIRCUITS 

The purpose of the sync pulses is to 
lock in the frequency of the horizontal 
and vertical deflection oscillators so that 
the picture information can be reproduced 
in its correct position on the raster. If the 
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picture does not hold together, locked in 
frame, this indicates trouble with the 
synchronization. Troubles which may be 
encountered with picture synchronization 
are mainly as follows: 

1. Complete Loss of Horizontal and Ver-
tical Sync. This will cause continuous 
movement of the picture both horizontally 
and vertically, because it allows the de-
flection oscillators to oscillate at their 
free-running frequency. When there are 
points in the circuit where the horizontal 
and vertical sync are acted upon sepa-
rately, the trouble may be either no hori-
zontal sync or just no vertical sync. 

2. Complete Loss of Horizontal Sync. 
This will cause continuous movement of 

the picture horizontally. When the free 
running frequency of the horizontal oscil-
lator is not at 15,750 cps the picture tears 
apart in diagonal bars. 

3. Complete Loss of Vertical Sync. This 
will cause continuous rolling of the pic-
ture vertically. 

4. Weak or Poor Sync. This will make 
the setting of the hold control critical. 
Both horizontal and vertical sync may be 
simultaneously weak, or only one of them 
may be affected. Weak horizontal sync 
may also cause the picture to bend; weak 
vertical sync may cause the picture to 
drift vertically or jump out of interlace. 

RI94 
22/C 

+ t4OV 

TO VERTICAL OSCILLATOR 

Troubles of this kind may be due to insuf-
ficient sync pulse amplitude, insufficient 
video signal or hum in the sync. 

th. 

Fig. 35-27 

DISTINGUISHING BETWEEN SYNC AND 
FREQUENC Y TROUBLES 

35-5. — The first step in troubleshoot-
ing a sync trouble is to determine whether 
there is no synchronization or whether the 
deflection oscillator is off frequency. 
This may be immediately obvious from 
the kinescope presentation, as when the 
complete picture frame is visible, but it 
is moving, as illustrated in Fig. 35-27. 
Sometimes the loss of sync may change 
the frequency of the oscillator, so that 
the picture on the kinescope may look 
like Fig. 35-28 a, in the case of horizon-
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(a) Incorrect horizontal oscillator frequency 

(b)Incorrect vertical oscillator frequency 

F ig. 35-28 

tal trouble, or like Fig. 35-28 b, in the 
case of vertical trouble. Such a picture 
may also be seen on the kinescope when 
the deflection oscillator itself is off fre-
quency. To distinguish between these two 
possibilities the effect of the hold con-
trol should be noted: 

(1) If the trouble is due to no sync, it 
will be possible to frame the picture cor-
rectly, so that one complete picture is 
seen as in Fig. 35-27, but it will not stay 
still. It will "slide" over the screen, from 
side to side, or up and down, or both, 
depending on the sync trouble. 

(2) If the trouble is due to the deflection 
oscillator being off frequency, then the 
picture will hold in place when the oscil-
lator is readjusted to show one complete 
picture. If considerable adjustment of the 

frequency control is required to do this, 
or it cannot be done at all with the fre-
quency control, trouble in the oscillator 
frequency determining circuit is indicated. 

DISTINGUISHING BETWEEN SYNC AND 

AFC TROUBLES 

35-6. — In receivers where the horizon-
tal deflection oscillator is controlled by 
an AFC circuit, when there is no horizon-
tal hold localization must also be made 
between trouble in the AFC circuit and 
lack of sync pulses. If the picture can be 
framed horizontally, but will not stay still 
horizontally, the trouble can be due to no 
sync reaching the AFC circuit or to an 
inoperative AFC itself. The interaction 
between these two is illustrated in 
Fig. 35-29. 

horizon tal 
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control 

control 
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voltage 
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oscillator 

to 
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Unless there are separate stages in 
the receiver for horizontal and vertical 
sync, it can usually be assumed that hori-
zontal sync is present when vertical sync 
is present. In such a receiver lack of 
horizontal hold with good vertical hold is 
almost always in the AFC circuit. When 
there are separate sync stages the trouble 
is likely to be in the sync circuit. To aid 
in localizing trouble to the sync or AFC 
circuit, some methods of checking the 
operation of AFC circuits are described 
now. 

The AFC circuit itself can cause two 
types of trouble. It can fail in such a way 
as to change the frequency of the oscilla-
tor considerably, but when the frequency 
is readjusted with the circuit controls the 
picture will be locked horizontally. This 
shows a frequency trouble caused by the 
AFC, since the picture can be made to 
stay still. The AFC circuit can also fail 
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in such a way that it can no longer hold 
the frequency of the deflection oscillator 
constant at the horizontal rate. The fre-
quency itself may change, but when it is 
readjusted to the horizontal rate it will 
not stay constant, causing the picture to 
drift horizontally. A method of localizing 
this trouble to either lack of sync or to an 
AFC defect will now be described. 

There are two types of AFC circuits 
in general use. One is the synchroguide 
type of circuit, whose operation is based 
on control of the bias on a blocking oscil-
lator by regulating the current through the 
control tube. The other type of AFC cir-
cuit is the synchrolock type, where the 
tuned circuit of an oscillator is controlled 
by regulating the bias on a reactance 
control tube. 

In either type of AFC we can check 
the operation by seeing if an artificial 
change in the control circuit will cause a 
frequency change in the oscillator. This 
is the function of the control tube. It 
should be remembered that the checks to 
be described are made when a no-horizon-
tal- hold trouble is encountered, and the 
picture is drifting back and forth on the 
screen. The change, if any on the rate of 
drift is the basis of the test. 

Checking the Synchroguide Circuit. - 
To check the operation of a synchroguide 
type of AFC circuit, vary the horizontal 
hold control. If the control circuit is func-
tioning, the horizontal hold will be able to 
affect the amount and direction of the pic-

picture 

channel 

kinescope 

common 
sync 

amplifiers 
or 

separators 
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ture drift. It will be possible to momen-
tarily hold the picture in place with the 
hold control. This is because varying the 
hold control changes the current through 
the control tube which changes the bias 
on the blocking oscillator, and in turn 
changes its frequency. If the hold .control 
has this effect, the control circuit is func-
tioning and the no- horizontal hold trouble 
is due to no sync. 

Checking the Synchrolock Circuit.- In 
a synchrolock type of circuit, both chas-
sis controls - the hold control and the 
frequency control - are in the oscillator 
circuit. They will therefore provide no 
information as to the functioning of the 
control circuit. The check in this circuit 
is made by removing the horizontal oscil-
lator control tube (6AC7) and noting its 
effect on the drifting picture. Replace it 
and then remove the 6AL5 sync discrimi-
nator tube and notice its effect on the 
drifting of the picture. If both of these 
tubes affect the rate of picture drift, the 
AFC is functioning and the trouble is due 
to lack of sync input to the control circuit. 
This test should be made with good tubes 
to eliminate the possibility of an errone-
ous indication when a shorted tube is 
removed and replaced. 

In 630-TS model receivers localization 
is further simplified because this circuit 
does not have separate amplifiers for 
horizontal and vertical sync. ¡f the picture 
holds vertically it is very likely that 
horizontal sync is also present along with 

vertical 
sync 

amplifier 
F.- sync 

vertical oscillator 
to control  

horizontal 
sync 

amplifier 

sync 
to control 

horizontal 

oscillator 

Fig. 30-30 
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the vertical, and the picture drifting hori-
zontally is probably due to AFC trouble. 

LOCALIZING SYNC TROUBLES WITH 
THE KINESCOPE 

35-7. — The first step in localizing a 
sync trouble can be made by analyzing 
the picture on the kinescope. A complete 
loss of sync is indicated on the kine-
scope screen by continuous movement of 
of the picture, which cannot he stopped 
with the hold controls. This localizes the 
trouble to the stages common to vertical 
and horizontal sync. Some receivers have 
separate stages for vertical and horizon-
tal sync, as indicated in Fig. 35-30, but 
it is not very probable to have a trouble 
in the separate vertical stage and sepa-
rate horizontal stage simultaneously. 

The stages which are common to both 
horizontal and vertical sync, as can be 
seen from Fig. 35-30, are the picture 

video 
amplifier 

(a) 

video 
amplifier 

to 
sync 

circuits 

kinescope 

(b) 

to 
  sync 
Circuits 

channel and the common sync stages. The 
kinescope can be used to establish the 
presence of vertical and horizontal sync 
at the input to the sync circuits. The 
kinescope can be used to do this because 
of its place in the circuit with relation to 
the point where sync pulses are taken off 
for the synchronization circuits. A number 
of typical arrangements showing the sync 
take-off point are shown in Fig. 35-31. 

In each of these circuits the evidence 
of good sync pulses on the kinescope 
screen will show, because of the position 
of the kinescope in the circuit, that these 
good sync pulses are also present at the 

input to the sync circuits. 

The horizontal and vertical sync pulses 
both appear on the kinescope. They can 
be seen by adjusting the horizontal and 
vertical hold controls to move the blank-
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Fig. 35-31 



Localizing Sync Trouble in the Sync Section 
35-21 

ing bar in toward the center of the screen, 
and adjusting the brightness and contrast 
to make them visible. The brightness 
should be slightly increased, and the con-
trast slightly decreased. Figure 35-32 
illustrates how a good vertical sync pulse 
will appear, and Fig. 35-33 illustrates 
how a good horizontal pulse will appear 
on the kinescope. 

(a) Normal Vertical Sync 

(b) No Vertical Sync 

Fig. 35-32 

Normal Horizontal Sync 

Fig. 35-33 

The relative amplitude of the sync 
pulses with respect to the picture and 
blanking signal will be shown by their 
relative blackness on the kinescope 
screen. The blanking pulse should be as 
black as the blackest part of the picture. 
The sync pulse should be definitely black-
er than the blanking pulse or any part of 
the picture as in Fig. 35-32 a. In b the 
absence of sync is shown by the absence 
of the blacker-than-black bar. The pres-
ence of sync pulses in the kinescope 
screen, as illustrated in Figs. 35-32 and 
35-33, establishes that the sync pulses 
are present at the input to the sync cir-
cuits. If there is no vertical or horizontal 
hold the trouble is localized to loss of 
sync in the common sync stages. If only 
vertical or horizontal hold is lost, then 
the trouble is either in a separate vertical 
sync amplifier; or a separate horizontal 
sync amplifier or AFC circuit. 

If good sync pulses do not appear on 
the kinescope screen, sharply defined and 
blacker than the blanking pulse, then sync 
pulses are not present at the input of the 
sync circuits. This indicates trouble in 
the picture channel, which may be due to: 

(a) 
(b) 

(c) 
(d) 

Limiting in the video amplifier 
Clipping of sync in the i-f or video 
stages because of incorrect bias. 
Poor r-f or i-f alignment 
Poor low frequency response in 
the video amplifier 

LOCALIZING SYNC TROUBLE IN THE 
SYNC SECT ION 

35-8. — When the picture on the kine-
scope has neither vertical nor horizontal 
hold, and sync pulses are visible on the 
kinescope screen, the sync is lost in the 
sync section. The trouble is localized to 

that part of the sync section where hori-
zontal and vertical sync are acted upon 
together. Some typical circuit arrange-
ments are shown in block diagram form in 
Fig. 35-34. 

Complete loss of horizontal and verti-

cal sync in a circuit such as that of Fig. 
35-34 a localizes the trouble to the com-
mon stages 1, 2, or 3. In Fig. 35-34 b, 
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complete loss of sync localizes the trouble 
to the common stage 3. In Fig. 35-34 c, 
there are no common sync stages, and a 
trouble in a separate horizontal and verti-

horizontal 
sync 

amplifier 

to 
vertical 
circuit 

to 
horizontal 
circuit 

to 
horizontal 

circuit 

cal sync circuit at the same time is not 
usual. However,it is possible that two se-
parate stages are combined in one dual 
tube. In this case a single failure (of the 
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tube) could cause loss of horizontal and 
vertical sync at the same time. 

A trouble may occasionally occur at a 
point in the circuit through which both the 
horizontal and vertical sync pass, and 
yet only one kind of sync pulse will be 
Affected. This usually happens to the 
vertical pulse. An example of this is a 
wrong value or partially open capacitor 
through which both sync pulses pass. The 
vertical pulse will be greatly attenuated 
in passing through this reduced capaci-
tance because of its low frequency. The 
horizontal pulses, being much higher in 
frequency will pass through with very 
little attenuation and will be able to lock 
in the horizontal oscillator. 

TRACING SYNC PULSES BY EAR. 

35-9. — This section describes a meth-
od of signal tracing for the sync pulses, 
that can be used in the field without the 
need for an oscilloscope. The use of the 
oscilloscope in sync circuits is explained 
in a later lesson on oscilloscopes. The 
sync pulses can be made audible by send-
ing them through the audio amplifier sec-
tion of the TV receiver. The sync pulses 
will produce a characteristic sound in the 
loudspeaker which is easily identified 
and traced through the various stages. 
This sound will be a low frequency buzz, 
produced by the 60 cycle repetition rate 
of the vertical sync pulse. Horizontal 
pulses are inaudible to most people. How-
ever in nearly every case some vertical 
sync will be present everywhere in the 
sync section, even if the stage is a hori-
zontal sync amplifier. The presence of 
this buzz will enable a check to be made 
of the passage of signal through a sync 
stage. 

The volume control of the audio ampli-
fier can be used as a rough gain control. 
A stage-to-stage check of the sync signal 
can be made from where they are first 
taken off in the video section right up to 
the point where they are impressed upon 
the deflection oscillators. A loss of gain 
in going through a sync stage does not 
necessarily indicate trouble in this stage. 
A sync stage may remove some of the 
sync pulse itself in order to insure more 

complete separation of video or noise 
from the sync, and consequently, the total 
pulse amplitude may be reduced. This 
separation is accomplished by low plate 
voltage or high bias on the sync tube. In 
a stage, then, where the bias is high for 
that particular type of tube, reduced sync 
pulse output may be expected, indicated 
by reduced sync buzz output from the 
loudspeaker. However, when the bias and 
the plate voltage are normal, amplification 
of the sync pulse can be expected, and a 
reduction of sync buzz in such a stage 
may indicate trouble. 

alligator clip 
05MF  

Capacitor 

Fig. 35-35 

test probe 

To couple the sync pulses into the 
audio amplifier a simple probe is used, 
consisting of a . 05 mfd., or 0.1 mfd. 600V 
condenser in a clip lead as shown in Fig. 

35-35.A sound i-f tube should be removed 
to keep all other sound out of the audio 
amplifier. The connections are illustrated 
in Fig. 35-36. Connection may be made at 
A or B in the audio section, whichever is 
a more convenient point on the chassis. 
In either case connection should be made 
so that the volume control will vary the 
input to the audio amplifier. 

To insure that the audio signal heard 
in the loudspeaker is the sync signal, 
two precautions should be taken. 

First the vertical oscillator should be 
disabled. This is necessary because sig-
nal from the vertical oscillator may feed 
back into the sync stages. This will pro-
vide a false indication, as this signal 
will produce the same sound output as 
the sync pulses. The vertical oscillator 
should therefore be disabled, and this can 
be done in one of two ways. The vertical 
oscillator tube can simply be removed 
from the socket, unless it is combined in 
the same tube envelope with a sync am-
plifier or AGC tube. In this case it should 
be disabled by grounding the grid of the 
vertical oscillator with a clip lead. 

The second precaution is that consid-
erable rushing noise will be heard from 
the speaker even with no incoming signal, 
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Fig. 

when the probe is applied to the various 
points in the sync section. The sync 
pulses can be positively identified by 
switching on and off channel, or momen-
tarily removing the antenna, thereby re-
moving sync signal. The sync buzz should 
disappear when the signal is removed. 

This method of tracing will now be 
described in further detail by application 
to a typical circuit such as the 630TS. 
The sync section is reproduced in Fig. 
35-37. The starting point for sync in this 
circuit is the d-c restorer. The d-c re-
storer diode conducts only on tips of 
sync, and sync pulses will be in the 
output. Therefore in this type of circuit. 
sync pulses should be heard when the 
probe is applied to the d-c restorer. From 
there the sync pulse is applied to the 
grid of the 1st sync amplifier V118 through 
the 0.05 mfd capacitor C144. The reac-
tance of this capacitor to the sync pulses 
is not high and about the same amount of 
sync buzz should be present on the grid 
side of this capacitor. An increased 
amount of sync buzz should be heard at 

first audio 
amplifier 

sync 
stage 

audio output 
amplifier 

integrating 
network 

ldifferentiating 
network 

to 
horizontal 
oscillator 

35-36 

the plate of the 1st sync amplifier V118. 
The sync pulses are coupled to the 2nd 
sync tube V119 through a 270 mmf capaci-
tor. The reactance of this small capacitor 
to the vertical sync pulses is quite high, 
and therefore there will be a considerable 
decrease of sync buzz when the probe is 
applied to the grid side of this capacitor. 
The sync will be again amplified by the 
6SI-17 stage and increased sync buzz will 
be heard at this plate. Very little attenu-
ation will occur in the 0.05 mfd capacitor 
coupling the 2nd and 3rd sync tube, and 
so the same signal will be heard at the 
grid of the 6SN7 sync tube. However, 
there will be less sync buzz at the plate 
of this tube than at the grid. This is the 
normal indication here nd does not indi-
cate trouble in this stage. An examination 
of the voltages on this stage will show 
why this is so. Notice that the first two 
sync stages have high plate and screen 
voltages. This would lead us to expect a 
gain through this stage and this is what 
occurs. The third stage, however, has a 
comparatively low plate voltage. This is 
done to compress video or noise in the 
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sync and stiould therefore lead us to ex-
pect reduced sync output from this stage, 
and this is what occurs. From the plate 
of the6SN7 sync amplifier the sync signal 
can be traced' through C149 into the verti-
cal integrating network, and through C166 
into the horizontal differentiating network. 
Very little sync buzz will be heard on the 
other side of C166 because of its high 
reactance. The signal will be only slight-
ly attenuated in passing through C149 
into the integrating network. Each section 
of the integrating network reduces the 
vertical pulse peak voltage somewhat. 
Therefore there will be slightly less sync 
buzz at each section of the integrating 
network, but the signal can be traced 
right into the oscillator circuit. 

The absence of signal at any point 
indicates trouble between that point and 
the point where sync buzz last appeared. 
Having localized the trouble to a specific 
stage, the defective component can then 
be found by voltage or resistance checks. 

While the probe is connected to the 
audio amplifier for signal tracing pur-
poses, the effectiveness of the bypass 
condensers C146, and C223C can be 
checked. No sync buzz should be heard 
when the probe is applied to the high side 
of these capacitors if they are bypassing 
the signal to ground. 
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8200 
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8200 
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INTEGRATED SYNC TO 

VERTICAL OSCILLATOR 

TRACING SYNC PULSES WI TH A VOLTMETER 

35-10. — An alternate method of tracing 
sync pulses is to measure the grid-voltage 
change produced by the presence of sync 
pulses. This method is not as sensitive 
as the one previously described, which 
utilizes the high gain of the audio ampli-
fier. This voltage change can usually be 
measured only after the sync pulses have 
had some amplification. However it may 
be useful in some cases as in a receiver 
where the audio section is on a separate 
chassis, and obtaining an audio output is 
not convenient. 

A voltage change will occur across the 
grid resistor of a sync amplifier when 
grid current flows. As the sync signal is 
coupled from one stage to the next, the 
coupling capacitor will ,establish an aver-
age level for the signal because it re-
moves the d-c component from the signal, 
as illustrated in Fig. 35-38. If the voltage 

above the base line, (represented by A) 
swings high enough to make the grid go 
positive, grid current will flow and this 
current will cause a change of voltage 
across the grid resistor. The sync voltage 
can swing positive toward the tip of the 
sync pulses or in the opposite direction, 
depending on the polarity of the sync 
signal. This change in voltage indicates 
the presence of sync pulses at the grid of 
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supply 

Fig. 36-38 

the tube. Sync can then be traced through 
the various stages using this indication. 
The exact amount of voltage change var-
ies from about 1V to 10V, or more,depend-
ing upon the amount of signal and type of 
circuit. 

The vertical sync pulse cannot be 
traced through the integrating network in 
this manner because of the low average 
value of the d-c voltage rise across the 
condenser in the integrating network. (The 
vertical pulses last about 160 microsec-
onds, but they are 16,667 microseconds 
apart in successive fields.) 

A high resistance meter — at least 
20,000 ohms/volt — should be used for 
this purpose because of the high resist-
ance encountered in the grid circuits. The 
meter should be connected across the grid 
resistor of a sync stage and the signal 
-tomentarily removed. In this way the 
change of voltage caused by the sync 
pulses can be noted. 

CRITICAL HOLD CONTROLS 

35-11. — When the hold controls have 
to be set very carefully to prevent the 
picture from rolling vertically, or the hori-
zontal hold control cannot be turned 
through its normal range while the picture 
remains in sync, this indicates weak sync 
pulses to the vertical oscillator or to the 
horizontal control circuit, respectively, 

average 
-0 level 

The trouble can be isolated within the 
sync section according to whether hori-
zontal or vertical sync, or both, are weak. 
Referring to 35-34 b for example, weak 
horizontal and vertical sync would local-
ize the trouble in stage 3. Weak vertical 
sync only would localize the trouble in 
stage 1, etc. After localizing the trouble 
in the sync section in this manner, the 
plate, screen and bias voltages of the 
suspected stages should be checked. 

CHECKING SYNC AMPLIFIER BIAS 

35-12. — The voltage divider networks 
which are used to place a certain bias 
on a sync amplifier stage generally use 
high resistances. If a voltmeter other 
than a VTVM is used to measure the 
bias, the resistance of the voltmeter will 
change the distribution of voltages so 
that an erroneous indication will be ob-
tained from the meter. Consider for ex-
ample the circuit shown in Fig. 35-39 a. 
Because of the voltage divider the grid 
voltage is — 5 volts ( 1/6 of — 18V = — 3V 
across R2. Adding —2V and —3V yields 
—5V at the grid.) 

Connecting a 20,000 ohms/volt meter 
on its 10 volt scale from grid to ground 
effectively places the 200,000 ohm in-
ternal resistance of the meter across R2. 
The total resistance of this circuit be-
comes 167,000 ohms, and the voltage at 
the grid is now 2.55 volts. 
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It is evident then that the bias at the 
grid cannot be measured directly unless 
a vacuum tube voltmeter is available. 
The bias can be indirectly checked with 
a volt-ohm-milliammeter by measuring the 
power supply voltages at A and B. These 
voltages are supplied from taps on a low 
resistance voltage divider, and connect-
ing the meter at these points will not 
change the voltage. Having checked the 
voltage in this manner, the resistors com-
prising the voltage divider should be 
checked with an ohmmeter. If the re-
sistors are correct, and the voltages sup-
plied to them are correct, the bias at the 
grid must be correct. In this way the 
bias can be checked indirectly without 
introducing errors due to the meter. 

LEAKY COUPLING CONDENSERS 

35-13. — In some amplifiers a leaky 
coupling capacitor can be readily lo-
cated because it places a positive volt-
age on the grid to which it is connected. 
When there is some negative bias on the 
grid, as in the circuit of Fig. 35-40, the 
small positive voltage leaked by a cou-
pling capacitor will only reduce the bias 
somewhat. Since this is also done when 
the meter itself is connected to the grid, 
a leaky coupling capacitor in such cir-
cuits cannot be located in this manner. 

If a coupling capacitor is suspected of 
leakage, a check can be made in the 
following way. Connect a voltmeter across 

RI -2.55V 

R2 
IMEG 

-2v 

(b) 

200K 

20K OH41VOLT 
MET R 

the plate load resistor of the tube to 
which one side of the suspected capacitor 
is connected, and remove the tube as 
shown in Fig. 35-40. There is no path for 
current to flow with the tube removed, 
unless the coupling capacitor is leaky. 
Consequently, a voltage drop across the 
plate load indicates that the coupling 
capacitor is leaky. 

An alternate method is to disconnect 
the grid end of the capacitor, and connect 
it to the voltmeter. The other end of the 
condenser remains connected to B-4 
through the plate resistor. Any leakage 
in the capacitor will cause positive volt-
age to appear across the voltmeter. 

a voltage drop here 
with tube removed 
indicates. leaky 
coup1Mg capacitor 

bias 

Fig. 35-40 
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Fig. 35-41 

PICTURE BENDING 

35-14. — There are two basic reasons 
for picture bending. One defect changes 
the length or causes a displacement of 
some of the horizontal lines which make 
up the raster. Hum in the deflection cir-
cuits is one way in which this may hap-
pen. This produces bending of the raster, 
and therefore makes the picture appear 
bent. The other cause of picture bending 
is a defect which interferes with the 
synchronization of the horizontal oscil-
lator by the sync pulses. This can hap-
pen if some of the horizontal sync pulses 
are lost, or if video signals are mixed 
with the sync pulses, etc. In this case 
the raster will be straight, but the picture 
will have bend in it. This is because the 
horizontal oscillator will be triggered 
erratically, and the picture information 
will be on different parts of succeeding 
horizontal lines. 

The trouble that causes bending of 
the picture can be isolated by observing 
whether the raster bends, or if only the 
picture has the bend. This can be done 
by removing the picture, and adjusting 
the centering so that the edges of the 
raster may be seen. Figure 35-41 illus-
trates bend in the raster, while Fig. 35-
42 shows bend in the picture but not in 
the raster. Raster bending may be caused 
by troubles in the power supply filtering, 
horizontal deflection circuit, high voltage, 
filtering, or the deflection yoke. Other 

RIGHT-HAND EDGE OF PICTURE 

 ‘11111111/11MIRMA,:,:-. : 

RIGHT-HAND 
EDGE OF 
RASTER 

LEADING EDGE OF HORIZ. SYNC 
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causes may be magnetic fields near the 
picture tube, or a magnetized metal pic-
ture tube cone. The troubleshooting of 
raster bending has already been dis-
cussed in the lesson on troubleshooting 
low voltage power supplies. 

LOCAL!ZING PICTURE BEND ING TROUBLES. 

35-15. — Picture bending which ap-
pears on a straight raster may be caused 
by trouble in three general sections of 
the receiver: the picture channel, the 
sync section, and the horizontal AFC 
circuit. 

The first step in localizing picture 
bending troubles is to carefully check 
the picture quality for what might be a 
less obvious but more basic defect in 
the receiver. Before paying any attention 
to any weak hold, or pulling, of the pic-
ture, examine the raster for straight sides, 
absence of hum, and note, whether the 
brightness control functions normally. 
Then see if the picture has sufficient 
contrast, proper blanking ( absence of 
retrace lines), and absence of hum in the 
picture, etc. These defects, if any, should 
be taken care of first. A bend in the pic-
ture may quickly call attention to itself 
because it is so distracting, but it may 
only be an incidental effect of a more 
basic trouble in the receiver. 

When it is determined that the picture 
is normal in all respects except that there 
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is picture bending, then the trouble may 
be due to the following: 
1. In the picture channel: 

a. Clipping of sync in the r- f, i-f, or 
video circuit, due to trouble in the 
amplifiers, or excessive signal in-
put, or incorrect AGC setting. 

b. Hum modulation of video signal 
with the sync pulses. 

c. Loss of sync due to poor low fre-
quency response in r- f, i-f or video 
circuits, because of poor r-f or i-f 
alignment, or a defective video 
amplifier. 

d. Vertical sync variations on the bias 
line caused by improper AGC filter-
ing. This will remove some of the 
horizontal sync th at follows the 
vertical sync pulse. 

e. Very weak signals, interference or 
ghost reception conditions. 

2. In the sync section: 
a. Hum modulation of sync pulses. 
b. Improper operation of sync ampli-

fiers—incorrect bias,plate or screen 
voltages, or an improperly bypassed 
stage. 

c. Radiation of vert ical deflection 
pulses into the horizontal sync 
stages. 

3. In the AFC section: 
a. Hum modulation in the 'AFC circuit. 
b. Hunting in AFC circuit. 
c. Radiation of extraneous signals 

into AFC circuit from other parts of 
the chassis. This may be from the 

Fig. 35-44 

video amplifiers, or the audio am-
plifiers. 

Picture Bending Caused by Picture 
Channel Troubles. — Sync troubles that 
originate in the picture channel circuits 
will affect the synchronization of the 
picture. A heater- to- cathode leakage in a 

picture i-f stage will hum modulate the 
sync to cause picture bending, but will 
also produce hum bars in the picture, as 
shown in Fig. 35-43. This points out that 
the trouble is in the picture channel. 
Clipping of sync in the video amplifier, 
due perhaps to incorrect AGC setting, 
will cause picture bending, and will also 
affect the reproduction of the sync pulses 
on the kinescope screen, as shown in 
Fig. 35-44. This locates the trouble in 
the picture channel. And, as another il-
lustration of sync trouble that originates 
in the picture channel, see Fig. 35-45. 
Here, poor r- f, i-f alignment has reduced 
the low frequency response so that the 
sync pulses are we' ak, making picture 
bending possible. The sync pulse ampli-
tude as seen on the kinescope is there-
fore also reduced, so that it no longer is 
definitely blacker than anything in the 
picture. This indication locates the 
trouble in the picture channel. Careful 
examination of the picture and the sync 
pulse on the kinescope screen will show 
whether the picture bending is due to 
trouble in the picture channel. When the 
picture has good brightness and con-
trast, and the relative blackness of the 
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sync pulse on the kine screen appears 
normal, the trouble is likely to be in the 
sync circuits, and not in the picture 
channel. 

Picture Bending Caused by Excessive 
Signal. — Sometimes the signal strength 
may be so great that it cannot be handled 
by the receiver, even though it has no 
defect. If the receiver is located close to 
the transmitter this possibility should be 
considered. To check whether this is the 
case, attenuate the antenna signal. If the 
holding ability of the picture improves as 
the signal is reduced, and there is no 
trace of snow in the picture, the signal 
input is probably excessive and should 
be attenuated. However, the bias on the 
r-f and i-f amplifiers should be checked 
for there is a possibility the bias may 
be incorrect. Incorrect bias may be due to 
defective AGC action, or incorrect AGC 
action, or incorrect AGC setting. 

Picture Bending Caused by Defeclive 
AGC Filtering. — In an AGC-controlled 
receiver the bias will tend to increase 
slightly during the presence of the ver,ti-
cal sync pulse. This is normally filtered 
out. If this filtering becomes defective, 
however, the rise in bias which occurs 
near the top of each field will reduce the 
horizontal sync pulses occuring at this 
time, and may cause picture bending at 
the top. 

The filtering on the bias line can be 
be checked by using the audio amplifier 

of the receiver for signal tracing as il-
lustrated in Fig. 35-36. If the voltage on 
the bias line is varying at a 60-cycle 
buzz will be heard when the probe is ap-
plied to the bias line. When the bias line 
is properly filtered, there will be no 
sound output from the speaker when the 
probe is applied to the bias line. 

Picture Bending Due to AFC Trou-
bles. — If the picture bending trouble is 
not indicated in the picture channel by 
the previous tests it must be localized 
further to either the sync section or the 
AFC section. 

F Ig• 35-46 

This can be done by allowing the AFC 
to aperate without the controlling action 
of the sync pulses and seeing if the bend 
is still present. To do this, disconnect 
the condenser that connects horizontal 
sync pulses into the AFC circuit. ( If 
there is a separate horizontal sync ampli-
fier, it can be removed, instead.) Removal 
of the sync will throw the horizontal os-
cillator off frequency. Now readjust the 
oscillator with the main frequency adjust-
ment, until a complete picture reappears 
and use the horizontal hold control to 
stop the picture long enough to get a look 
at it. Inspect the picture and determine 
whether the picture bending is still pre-
sent. If the picture bending is present 
with horizontal sync removal, than the 
trouble is in the AFC.circuit. If however, 
the picture bending is no longer present 
when the horizontal sync is removed, the 
trouble is in the sync section. Troubles 
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in the AFC circuit which can cause pic-
ture bending are heater-cathode leakage 
in the AFC tube, ( see Fig. 35-46) or cou-
pling of interfering signals into the AFC 
circuit. 

An occasionally encountered trouble 
is "hunting" in the AFC circuit, which 
is illustrated in Fig. 35-47. This happens 
when the "anti-hunt" circuit in the AFC 
becomes defective. As an example, an 
open 0.05 ufd capacitor from the grid of 
the control tube to chassis in a Synchro-
lock type of AFC circuit will cause this 
trouble. 

elty 

& 

ptu.rzc.;:.1 r• 

Fig. 35-47 

Picture Bending Caused by Sync 
Troubles. — Troubles can occur in the 
sync section which result in incomplete 
separation of the sync pulses from the 
video signal. This can be caused by in-
correct bias, plate or screen voltages. 
This is indicated when the picture bend-
ingchanges as the picture content changes. 
This of course will only happen during a 
program, and not when a stationary test 
pattern is being shown, but is a useful 
indication for localizing this type of 
bending. 

Miscellaneous Causes of Picture 
Bending. — External interference such as 
diathermy or strong r-f radiation will 
cause picture bending, but this inter-
ference will also appear in the picture 
with its characteristic pattern, and can 
therefore be identified. The effect of 
diathermy on the picture and sync is 

shown in Fig. 35-48. Very weak signals 
or close reflections as in Fig. 35-49 may 
cause poor sync, and these too can be 
seen in the picture. If the cause is due to 
one of these, changing channels will re-
move the trouble. 

Fig. 35-48 
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SUMMARY OF TROUBLESHOOTING SYNC 

35-16. The general methods for trou-
bleshooting sync defects are summarized 
here: 

1. Determine whether the moving pic-
ture ( loss of hold) is caused by the de-
flection oscillator being off frequency, or 
due to no sync, by observing the effect of 
the oscillator frequency controls. If one 
complete picture can be produced, the 
loss of hold is due to sync trouble. In a 
set with horizontal AFC, no horizontal 
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hold can also be due to AFC trouble. 
This can be checked by using the tests 
explained in the Section 35-15. 

2. Locate where the sync pulses are 
being lost by examining the sync pulses 
on the kinescope. If sync pulses of cor-
rect relative blackness appear on the 
screen, then sync is being lost between 
the sync take-off point in the picture 
section and the input to the deflection 
oscillator. If the sync pulses do not ap-
pear on the kinescope screen, check the 
video amplifier, AGC setting or the bias 

voltages for the r-f and i-f stages, and 
their alignment. 

3. Locate where the sync is being 
lost in the sync section by considering 
whether both horizontal and vertical sync 
are lost, or only one of these. 

4. Trace the sync pulses up to de-
fective stage, using the receiver's audio 
amplifier, or a d-c voltmeter to measure 
grid leak bias. 

5. Check bias, plate and screen volt-
ages on the defective sync stage to lo-
cate the defective component. 
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PRODUCING THE RASTER 

36-1. In previous lessons, mention was 
made of deflecting the electron beam in 
the kinescope. This beam must be de-
flected 525 times horizontally and 2 times 
vertically in order to produce the raster 
(the rectangular area which includes all 
the scanning lines). The movement of the 
beam across the screen must be linear, 
to prevent distortion by "crowding" or 
"stretching" any part of the picture. In 
addition, the movement of the beam must 
be synchronized with the movement of the 
beam in the television camera tube, so 
that corresponding elements of the picture 
will be properly reproduced on the kine-
scope in the television receiver. This 
lesson will discuss the circuits which 
produce the voltages and currents neces-
sary for linear deflection of the electron 
beam. These are known as deflection cir-
cuits; they are located in the sweep sec-
tion of the receiver. The block diagram of 
Fig. 36-1 shows, in simplified form, the 
essential parts of the sweep circuits which 
produce the raster in a television receiver. 

Video signals containing synchronizing 
pulses and other information enter the 
sync separator, 'which separates the hori-
zontal and vertical synchronizing pulses 
from the composite video signal. The 
horizontal sync pulses are applied to the 
horizontal AFC section, where their fre-

sync 
separator 

horizontal 

AFC 

vertical 
sweep circuit 

quency and phase is carefully controlled 
so that the lines in the raster will not be 
displaced from their proper position. The 
pulses are then sent to the horizontal 
sweep circuit, where they trigger a deflec-
tion oscillator. This oscillator produces 
voltages of the proper waveform to give 
linear deflection of the electron beam 
when applied to the deflecting coils ( or 
plates in the case of the electrostatic 
type of tube). 

The vertical sync pulses go to the ver-
tical sweep circuit, where they trigger a 
deflection oscillator whose output is fed 
to the vertical- deflection coil or plates. 
Thus the electron beam is made to move 
across and down the face of the tube to 
produce the raster, which appears as a 
rectangular area of scanning lines of equal 
brightness when no video signals are 
present. When video signals are fed to 
the kinescope, portions of the lines are 
darkened in accordance with the image 
scanned by the beam in the camera tube, 
and the result is a picture on the kine-
scope. 

Deflection Waveforms -- In kinescopes 
employing electrostatic deflection, a saw-
tooth voltage waveform must be applied 
to the deflecting plates to obtain linear 
deflection. For tubes with electromagnetic 
deflection coils, a current with a sawtooth 
waveshape is needed. 

Sawtooth Waveform -- A sawtooth wave-
form is shown in Fig. 36-2. 

It can be seen that the " trace" portion 
of the wave ( from 0 to T), increases at a 
constant rate with respect to time, or in 

horizontal 
sweep circuit 

vertical 
sweep amp 

horizontal 
sweep amp 

vertical 
deflection coil 

horizontal 
deflection coil 
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other words, at a linear rate. Since de-
flection of the electron beam is directly 
proportional to the current in the deflec-
tion coil ( or to the voltage on the deflec-
ing plates in electrostatic tubes), the 
beam will move at a linear rate when such 
a waveform is applied. For horizontal 
scanning, the entire sawtooth wave oc-
curs during about 63.5 microseconds, of 
which the trace portion takes about 56.5 
microseconds, and the retrace about 7 
microseconds. The retrace is not linear, 
but this does not matter because the beam 
is blanked out during che retrace and no 
picture information is sent during that 
time. 

Since the beam must move down as 
well as across the screen, a current with 
a sawtooth waveshape must also be ap-
plied to the vertical deflection coil. Here 
the timing is different, but the operation 
is the same as that of the horizontal coil. 

From the previous discussion it is evi-
dent that a current with a saw tooth wave-

tit/7 e - time — 

• 
time — 

(o) 
time — 

(b) 

shape is needed in the deflection coils if 
linear scanning is to be accomplished. 
However, a sawtooth voltage applied to 
a deflection coil will not produce a saw-
tooth current. 

Trapezoidal Waveform -- Some idea of 
just what kind of waveshape is needed 
can be gained from the diagrams of Fig. 
36-3. 

If a sawtooth voltage is applied to 
a resistor, the current through the resistor 
is in phase with the voltage and the wave-
shape remains the same. This is shown 
in Fig. 36-3a. If this sawtooth voltage is 
applied to a pure inductance, the current 
will not be of sawtooth waveform, as shown 
in Fig. 36-3b. 

A sawtooth current waveform could be 
obtained in a pure inductance by applying 
a rectangular shaped voltage wave as is 
shown in Fig. 36-3c. However, all coils 
have a certain amount of resistance as 
well as inductance. Therefore, it is ne-
cessary to combine the sawtooth voltage 
wave and the rectangular voltage wave in-
to the trapezoidal wave shown in Fig. 
36-3d. When this voltage waveform is 
applied to a deflection coil, the current 
waveshape is a sawtooth and the result-
ing deflection is linear. 

MULTIVIBRATORS 

36-2. There are a number of ways in 
which the voltage waveform required for 

a  

time— 

time 

(c) 

time 

time — 

(d) 
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deflection circuits can be produced. One 
of these is a special type of multivibrator 
which produces sawtooth waves directly. 

Basically, the multivibrator consists 
of two resistance-coupled amplifiers con-
nected together in such a way that the 
output of the first feeds the input of the 
second, and the output of the second 
feeds the input of the first. A simplified 
circuit is shown in Fig. 36-4a. There are 
two possible stable states for the circuit: 
VI conducting when V2 is cut off, and 
V2 conducting when VI is cut off. 

(a) 

square wave rectangle wave 

(b) (C) 

Fig. 36-4 

When plate voltage is applied to the 
circuit, one tube tends to draw slightly 
more plate current than the other, and be-
cause of the feedback, the plate current 
of this tube increases rapidly, while the 
plate current of the other tube decreases 
to cutoff. The tube that is cut off remains 
in that condition until the negative volt-
age charge accumulated on its grid capa-
citor decays enough to permit plate current 
to flow. The action is then reversed. The 
second tube begins to draw current rapid-
ly, the first is driven to cutoff, and the 
cycle is repeated. The multivibrator can 
be synchronized by injecting a sync 
pulse into either grid circuit. 

If the two tubes are identical and Rl 
=-R2, R3 = R4, and Cl =C2, the circuit is 
known as a " symmetrical" multivibrator. 
Its output is a square wave ( Fig. 36-4b). 
If the corresponding resistances and 
coupling capacitors are not the same, it 
is known as an unsymmetrical multivibra-
tor, and its output waveshape resembles 
that of a rectangular wave ( Fig. 36-4c). 

Cathode-Caupled Multivibrator. -- In the 
cathode- coupled multivibrator circuit, 
shown in simplified form in Fig. 36-5, the 
output of V1 is fed to the grid of V2. The 
output of V2, taken from the cathode, is 
fed to the cathode of VI Thus V2 acts 
like a cathode follower for VI. 

F ig. 36-5 

The operation of the circuit is as fol-
lows: when the plate voltage is turned on, 
Cl acquires a charge through the cathode-
grid circuit of V2 and R4 (current flows 
from cathode to grid because the grid is 
positive with respect to the cathode at 
this time). A neglig ible amount of charg-
ing current flows through R3, •because the 
resistance of R3 is much greater than that 
of R4 and the cathode-grid resistance of 
the tube ( when the grid is positive). This 
flow of charging current through RI and 
R4 lowers the plate voltage of VI and 
raises its cathode bias until the tube cuts 
off, which occurs almost immediately 
after the plate voltage is turned on. How-
ever, as Cl becomes charged, . the plate 
voltage of VI rises again because the 
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charging current falls off rapidly, and the 
voltage across R4 decreases until VI be-
gins to conduct again. The voltage across 
R1 is transferred to the grid of V2 through 
CI, which then begins to discharge 
through R3 instead of through the grid-
cathode circuit, because the grid is now 
negative with respect to ground. 

With the grid of V2 negative, the cur-
rent through R4 decreases, making the 
cathode of VI negative with respect to 
its grid, which causes a drop in its 
plate voltage. This in turn causes more 
negative voltage on the grid of V2. This 
cumulative action continues until V2 cuts 
off. During the time that V2 was conduct-
ing, C2 was partially shorted; now that 
the tube is cut off, this partial short is 
removed and C2 begins to charge through 
R2. 

As the current through R3 decreases, 
discharging Cl, the voltage across R3 
(which is the bias for V2)also decreases. 
At the same time, ,the plate voltage of V2 
increases because of the charging up of 
C2. Soon a point is reached where V2 be-
gins to conduct. Then C2 discharges 
through V2, causing a large current to 
flow through R4 ( greater than when V2 
was cut off). This large voltage drop 
makes the cathode of VI positive, causing 
a decrease in its plate current, reducing 
the drop across R1, and applies a positive 
potential to Cl causing it to charge 
through the cathode-grid circuit as it did 
when the plate supply was turned on. 
When C2 is discharged, the current through 
R4 drops to a low value, applying a nega-
tive voltage to the cathode of Vi. This 
causes plate current to flow and lowers 
the plate voltage. With plate current flow-
ing in VI, the cycle begins again. The 
result of these interrelated actions is that 
C2 is charged slowly through R2 and dis-
charged quickly through V2 and R4, pro-
ducing a sawtooth wave. 

When this sweep circuit is used in 
television receivers or oscilloscopes, a 
dual triode such as the eSÑ7 is often em-
ployed. The grid of Vi is grounded through 
a resistor, and sync signals are injected 
into the circuit across this resistor (R5). 

(0) 

BLOCKING OSCILLATORS 

36-3. The most common type of sweep 
oscillator used in television receivers is 
the blocking oscillator. A slightly simpli-
fied diagram of this kind of sweep oscil-
lator is shown in Fig. 36.6a. 

(b) 

8# 

OV 

Fig. 36-6 

A blocking oscillator consists of a 
tube, a transformer ( Ti), . and a grid-leak 
bias network Cg  -Rg  . Resistor R has been 
added to provide a means for synchroniza-
tion. The blocking- oscillator transformer 
is constructed with a special type of core 
material and very closely coupled primary 
and secondary windings. It usually is 
quite small in physical size to help mini-
mize its capacity and keep its natural 
resonant frequency high. It should be 
noted that although no actual tuning cap-
acitance is shown, the transformer has a 
natural resonant frequency of its own be-
cause of its inductance and stray capaci-
ty, and therefore has a tendency to oscil-
late when properly excited. One of the 
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characteristics of a blocking-oscillator 
transformer is its very low Q. This makes 
it possible for the transformer to oscillate 
for one cycle, rest for a while, go through 
another cycle, and so on. Because this 
transformer is usually designed far use in 
the circuit of a particular set, it is ad-
visable to use an identical replacement 
part when replacement is necessary. 

Basically, the circuit is that of an 
oscillator having tuned-grid and tuned-
plate coils coupled together with almost 
unity coupling. There is usually a slight 
step-up ratio in the windings from plate 
to grid. This may be in the order of 1.5 
to 1 or so, with the grid winding having 
the larger number of turns. With the oscil-
lator in operation, a very high positive 
signal voltage appears on the grid of the 
tube. This causes grid current to flow, 
and charges Cg to a voltage approaching 
the peak signal value, which may be 
several hundred volts. Cg takes on a neg-
ative charge on the grid side so its volt-
age is a bias. On the negative swing of 
oscillation,the tube is cut off and is sub-
ject to the large negative bias. Because of 
the low Q of the transformer, the oscilla-
tion damps out quickly and the tube 
remains cut off until C discharges enough 
to permit conduction, g whereupon a new 
cycle begins. 

Operation of the Circuit -- Inasmuch as 
this circuit is a very important one, it 
will be profitable to review its operation 
in detail. When the filaments are heated 
and the tube is ready to conduct, the 
switch in the plate circuit is closed and 
current begins to flow as shown by the 
arrow. This surge of current shock ex-
cites the transformer circuit and it begins 
to oscillate. In this process the trans-
former takes on the polarities indicated 
in the drawing. The transformer is con-
nected so that feedback voltage of the 
right phase is coupled back to the grid to 
reinforce the tendency of the transformer 
to oscillate. 

In other words, when the switch was 
first closed, current began to flow, from 
zero to an increasing value. This caused 
a positive voltage to be induced on the 
grid, further increasing the plate current 

and showing that an in-phase feedback 
voltage appeared on the grid, encouraging 
oscillation. The positive portion of the 
grid oscillatory cycle continues to rise 
until it reaches a maximum value deter-
mined by the constants of the transformer 
and the tube characteristics. By this time 
the grid may have risen several hundred 
volts positive. Of course, grid current 
flows, and in the process C is charged 
almost to the peak value of the positive 
grid swing. This means that a grid- leak 
bias considerably greater than the cut-off 
value of the tube has been accumulated. 
However, the tube does not cut off be-
cause of the positive signal voltage on 
its grid. 

After the maximum positive grid swing 
has been reached, the plate current begins 
to decrease, and this in turn causes the 
positive grid voltage to begin decreasing. 
This process continues with the grid 
winding of the transformer going into the 
negative portion of its oscillatory cycle. 
With the grid swinging negative, the tube 
soon cuts off and the transformer is left 
to oscillate on its own. Capacitor C now 
begins to discharge, and its bias voltage 
is added in series with the negative swing 
of the grid winding, driving the tube far 
below cut-off. 

Because the transformer has a low Q, 
the next positive oscillatory swing is not 
sufficient to drive the tube into conduc-
tion and the oscillations are quickly 

damped out. Capacitor is continues to 
discharge until the bias s reduced to cut-
off value, after which the tube begins to 
conduct and a complete new cycle takes 
place. The part of the waveshape marked 
A- B ( Fig. 36-6h) represents the discharge 
curve of C. 

Hold Control -- Because C must dis-
charge to the tube's cut-off vafue to start 
a new cycle, it is obvious that the -repeti-
tion rate of oscillations can be controlled 
by varying the time constant involving C. 
This can be done most conveniently bgy 
making R variable. Reducing the value 
of R decreases the time constant of C 
and gincreases the repetition frequency, 
since C will discharge to the cut-off bias 
more quickly. Conversely, increasing R 



both triodes are connected together. Thus 
any signal appearing at the grid of the 
blocking oscillator ( VI) also affects the 
discharge tube ( V2) in the same way. The 
characteristic wave at the grid of the 
blocking oscillator is of such nature that 
cut-off bias is present for the major part 
of one cycle, and the tube conducts only 
for a very short portion of the cycle. This 
is also true of the discharge tube. During 
the time V2 is cut off, the sawtooth 
capacitor Cl charges in the positive 
direction through RI and R2. The time 
constant is chosen so that the charging 
is essentially linear. A linear charging 
characteristic may be obtained if the 
capacitor is allowed to charge for about 
20 to 30 percent of the time constant peri-
od of R1, R2, and Cl. After a time, the 
grids of both V1 and V2 rise above cut-
off, and both tubes conduct heavily for a 
short time. During the conduction time, 
the plate- to-cathode resistance of V2 is 
low, causing Cl to discharge ( current 
flowing from ground to cathode to plate to 
Cl to ground in Fig. 36-7). This rapid 
discharge forms the retrace of the saw-
tooth, while the slower linear charging 
forms the trace portion of the sawtooth. 

Size Control -- In television receivers 
it is desirable to control the amplitude of 
the sawtooth wave. This provides a 
means of controlling the height ( or width) 
of the picture. Since the period of charg-

8+ 
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increases the time constant and decreases 
the repetition frequency, because C will 

take longer to discharge to the cut-off 
bias value. 

Thus we see that a blocking oscillator 
is capable of delivering a series of pulses 
at a variable repetition rate. The variable 
resistor R is called the " hold" control. 
This system of controlling the frequency 
of the blocking oscillator is used only for 
the vertical sweep channel. In the hori-
zontal system an automatic frequency-
control system is used, which will be de-
scribed later. 

BLOCKING OSCILLATOR AND DISCHARGE TUBE 

36-4. In a television receiver the 

blocking oscillator is used to control the 
production of a sawtooth or trapezoidal 
wave in another circuit. Let's see how 
this can be done. Early television receiv-
ers used a circuit like the one shown ( in 
simplified form) in Fig. 36-7 to produce 
the necessary sawtooth wave. 

In this arrange-ment a dual triode is 
used, one half functioning as the blocking 
oscillator and the other half as the " dis-
charge tube". The discharge tube and its 
associated components are responsible 
for the production of the sawtooth ( or 
trapezoidal) wave, when actuated by the 
blocking oscillator. 

Note that the grids and cathodes of 

8 -/-

C/ 

output 

Fig. 36-7 
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ing is fixed by the repetition rate of the 
blocking oscillator, the amount of charge 
may be varied by adjusting the time con-
stant of the charging circuit. This is done 
most conveniently by varying a resistor 
such as R2. In the vertical deflection 
system, this resistor is known as the 
"height" control, and is located on the 
rear panel. In most receivers there is no 
corresponding control in the horizontal 
system, as we shall see later. 

Synchronization -- We have now pro-
vided methods of developing a sawtooth 
wave and of controlling its amplitude. We 
must now determine how to synchronize 
the blocking oscillator. First, we need a 
synchronizing pulse of positive polarity 
and short duration. The method of obtain-
ing sync pulses has already been de-
scribed fully in a previous lesson. 

In order to synchronize a blocking 
oscillator, it must be adjusted so that its 
free running ( unsynchronized) repetition 
frequency is slightly lower than the sync-
pulse repetition rate. The reason for this 
will become apparent as we proceed. 
Incidentally, the picture moves slowly 
downward when the free running frequency 
is slightly low. The locking action of the 
sync pulse in the blocking oscillator can 
be seen in Fig. 36-8. 

synchronized‘ free running 
cycle ,2̀ ,. cycle 

Cu 
off 

sync 
pulse 

The blockineoscillator is adjusted so 
that its repetition rate is slightly lower 
than that of the sync pulses. This means 
that the time interval between blocking-
oscillator pulses tends to be greater than 
the time between sync pulses. Thus a 
sync pulse will arrive at the grid of the 
blocking oscillator before the next free-
running cycle ordinarily begins. If the 
sync pulse is of sufficient amplitude, it 
will drive the grid above cut off ( Fig. 
36-8). This forces the blocking oscillator 

to begin a new cycle slightly before it 
otherwise would, and so locks in the 
oscillator with the sync pulses. Note that 
the sync pulses actually increase the 
frequency of the blocking oscillator to 
that of the sync-pulse rate, thereby pro-
viding accurate synchronization. 

Under certain conditions, the oscillator 
simply will not sync in. For example, if 
the free-running frequency is set too low, 
the sync pulse appears much lower on the 
condenser discharge curve and may not 
be able to drive the grid above cutoff. If 
the free-running frequency is too high, 
the sync pulse will appear at the wrong 
time ( after the blocking oscillator pulse), 
and again will not be able to sync the 

oscillator. 

Trapezoidal Generator -- We have de-
scribed the generation of a sawtooth wave. 
However, as was mentioned previously, 
a trapezoidal waveshape is often needed. 
The circuit for developing this is quite 
simple, requiring the addition of only one 
resistor to a sawtooth generator. A simple 
trapezoidal generator circuit is shown 
in Fig. 36-9. 

F ig. 36-9 

It can be seen that the only addition 
to the sawtooth circuit is resistor R3. To 
understand how this trapezoidal circuit 
operates, one thing must be kept In mind: 
for a sawtooth voltage wave to appear 
across a capacitor, there must be a con-
stant current going into the capacitor. 
Since resistor R3 is in series with the 
sawtooth capacitor, the same constant 
current goes through R3. A constant cur-
rent through a resistor, of course, pro-
duces a constant voltage drop that has a 
square topped waveform. In the circuit of 
Fig. 36-9, a positive square wave voltage 
is developed while Cl is charging, and a 
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negative square wave voltage while Cl 

discharges. Thus, while a sawtooth volt-
age is formed across Cl, a square wave 
voltage is formed across R3. The output 
is taken across both the resistor and 
capacitor, and is therefore the sum of the 
two voltage waves or a trapezoidal volt-
age wave. This wave is fed into an output 
deflection amplifier stage and then to the 
deflection coils. 

AUTOMAT IC FREQUENCY CONTROL 

36-5. The simple synchronized sweep 
generator circuit we have discussed is 
adequate for the vertical deflection sys-
tem, but for the horizontal deflection 
system some form of automatic frequency 
control is necessary. The simple triggered 
sweep generator may be triggered by ran-
dom noise pulses, or it may be affected 
by ripple in the plate supply voltage, re-
sulting in picture distortion as shown in 
Fig. 36-10. A system that will automatic-
ally control the frequency and phase of 
the impulse generator in the receiver will 
correct such conditions. In such a system, 
synchronization depends on the average 
of many regularly recurring synchronizing 
pulses, while short time variations such 
as noise pulses are filtered out. 

Effect of Noise and Interference Tran-
sients -- Fig. 36-11 shows how noise or 
interference pulses may trigger the im-
pulse generator before the proper time and 
thus displace a line or a section of the 
picture. Such noise peaks may accompany 
the picture signal. When they are of suf-
ficient amplitude to fall into the blacker-
than-black region, they are clipped with 
the sync signals and thus may reach the 
grid of the impulse generator. Noise im-
pulse a, which in the illustration falls 
about midway between two sync pulses, 
is not of sufficient amplitude to raise the 
grid potential above the cut-off value. 
Therefore it does not affect the oscillator. 
In fact, even if its amplitude were equal 
to that of the normal sync pulse, it would 
not affect the oscillator, since it reaches 
the grid at a point in the oscillator cycle 
in which the grid is very negative. A 
positive pulse of much greater amplitude 
would be required to raise the grid poten-
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Fig. 36-12 

tial above the cut-off value. Noise pulse 
b, however, is just ahead of the normal 
sync pulse, and it does have sufficient 
amplitude to cause the grid to rise above 
the cutoff potential. Thus the oscillator 
is triggered, and a new cycle is started 
prematurely. The oscillator is extremely 
sensitive to noise pulses in this region 
just ahead of the normal sync pulse, with 
the result that lines or sections of the 
picture may be displaced from their proper 
positions. 

Components of AFC Systems -- While 
automatic frequency control circuits could 
be used in either the vertical or the hori-
zontal deflection circuits, the need is 
much greater in the horizontal deflection 
circuits. Figure 36-12 is a simplified 
block diagram of the essential components 
of an automatic frequency- and phase-
controlled synchronizing system. We spe-
cify a phase-controlled system because it 
is actually the small variations in phase 
between the initiating impulse of the 
scanning generator and the synchronizing 
pulse that must be corrected. The fre-
quencies of the two signals must be set 
very close to each other before a cir-
cuit for an automatic frequency control 
system can function effectively. The 
phase detector, of which several different 
types may be used, receives the synchro-
nizing signal at A and a signal from the 
scanning oscillator at B. The phase de-
tector operates in such a manner that a 

scanning 

oscillator 

d-c control voltage appears at its output 
C, containing information ( polarity and 
magnitude) about the phase of the scan-
ning oscillator wave in relation to the 
synchronizing pulses. 

The phase detector will respond to 
changes in relative phase that may exist 
at the arrival of each pulse. A filter is 
necessary to remove rapid variations cor-
responding to changes caused by noise or 
interference, and to pass only slowly 
varying components of control voltage. 
This filtered d-c control voltage at D is 
then applied to a control device, such as 
a reactance tube, which restores the 
phase of the oscillator in relation to the 
synchronizing pulses. The speed of reac-
tion of the " flywheel effect" of the con-
trol system depends on the time constants 
of the filter components. The reaction 
must be made slow enough to eliminate 
variations caused by noise and interfer-
ence, but fast enough to pass variations 
caused by slight phase modulation of the 
synchronizing pulses as generated at the 
transmitter. 

Even when noise conditions are severe, 
a picture synchronized by automatic fre-
quency control will remain together as a 
whole, but may appear to move slightly 
about a balanced position. Single lines or 
groups of lines will not tear out, because 
the filter in the horizontal circuit eliminat-
es components in the control signal which 
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would cause the oscillator to change 
speed abruptly. Under unusually severe 
conditions, in which synchronizing sig-
nals are obliterated for a relatively long 
period of time ( several cycles), the oscil-
lator or oscillators will run at the free 
frequency until synchronization is again 
established. When the receiver is properly 
adjusted, so that the picture will " pull 
in" properly, the free frequency of the 
oscillator and the frequency of the sync 
pulses are very nearly equal. 

Synchro-Lock System -- The synchro-
lock system provides ease of operation, 
stability, and good noise immunity. 

The synchro-lock circuit consists of 
the four essential parts of an automatic 
frequency and phase control system pre-
viously explained: ( 1) detector of phase 
variation, ( 2) low-pass filter, (3) frequen-
cy-adjusting mechanism, and ( 4) scanning 
oscillator. In the synchro-lock system the 
detector of phase variation is a horizontal 
sync discriminator circuit, the frequency-
adjusting mechanism is a reactance tube, 
and the scanning oscillator feedback volt-
age is a sine wave voltage taken from a 
Hartley oscillator which serves as the 
first stage in the generation of the hori-
zontal sweep voltage. We will first study 
the operation of each of these parts, then 
consider how the complete system works. 

Horizontal Sync Discriminator -- The 
sync discriminator tube is a 6A1_,5 duo-
diode, shown in Fig. 36-13 in a circuit 
which develops a d-c output voltage pro-
portional to the phase displacement 
between the input sync signal and the 
sine wave from the horizontal oscillator. 
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Fig. 36-113 
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The oscillator coil is closely coupled 
to the secondary of the sync discriminator 
transformer. This secondary coil is center 
tapped so that sine- wave voltages are fed 
to the plates of the duodiode; these volt-
ages are equal and opposite in phase, as 
shown in Fig. 36-14a.. The horizontal 
sync pulses are applied to the center tap 
of the sync discriminator transformer, so 
that these pulses appear in phase and of 
equal amplitude on the diode plates. 

voltages at top diode plate 

voltages at bottom diode plate 

(b) (c) (d) 

Fig. 36-14 

When the pulse and sine wave are 
properly phased we have the condition 
illustrated in Fig. 36-146. With the rela-
tive positions of the sine wave and pulse 
such that the pulse falls at the midpoint 
of the slope of the sine wave, both diodes 
conduct equally and develop equal volt-
ages across the 470-K load resistors in 
their cathode circuits. Since the two load 
resistors are connected together, the 
voltages across them when viewed from 
the cathode of one diode to the cathode 
of the next are opposite in polarity, and 
the sum of the ,two voltages is zero. Thus, 
when the two input voltages are in phase, 
no control voltage appears at the output 
of the sync discriminator. 

But if the phase of the sine wave 
changes with respect to the pulse, as in-
dicated in Fig. 36-14c and d, one diode 
develops a greater voltage across its load 
resistor than the other. Thus the output 
of the discriminator can vary from a posi-
tive voltage to zero or to a negative volt-
age, depending on the phase relation of 
the sync pulse and oscillator signal. The 
d-c voltage developed across the two 
load resistors in series is the control 
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voltage, which can now be filtered to 
eliminate rapid fluctuations, then applied 
to the control tube. 

Low-Pass Filter Circuit -- The low-
pass filter circuit is a network connected 
between the output of the sync discrimi-
nator and the grid of the control tube 
(Fig. 36-15). Any d-c voltage developed 
at the discriminator output would appear 
as added grid bias at the control tube. 
But rapid changes in d-c voltage, caused 
by noise pulses or other interference that 
managed to get through to this point, must 
be eliminated. This is effected by con-
necting a relatively small capacitor, C167 
(.004 MF) across the 470-K resistor R193. 
This capacitor, with the . 05-MF capacitor 
C170, form a capacitive voltage divider 
to attenuate these rapid changes. 
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However, if a phase modulation 
(a slight variation in the positioning of 
the sync pulse) is present in the sync 
signal, this variation would also be re-
moved, and would result in horizontal 
displacement of portions of the picture. 
Where such a condition exists, a faster 
response to changes in the sync phase is 
needed. This is provided for by adding 
another capacitor, C171 (. 01 MF), in par-
allel with C167, to increase the speed of 
response. The change compensates for 
phase modulation in the transmitted sync 
pulse, but only at the expense of reduced 
immunity to noise interference. 

Horizontal Oscillator Control -- Control 
of the oscillator frequency is effected by 
the use of a 6AC7 connected as a reac-
tance tube across the oscillator coil and 
capacitor tank circuit, as shown in Figure 
36-16. A control voltage developed by the 

sync discriminator is applied to the grid 
of this tube. Any change in this bias 
voltage produces a change in mutual con-
ductance (gm) of the tube, which in turn 
results in a change in inductance in the 
oscillator tank circuit, and thus changes 
the frequency of the oscillator. If the 
phase of the oscillator shifts with respect 
to the synchronizing pulse, the corre-
sponding change in the control voltage 
from the sync discriminator brings the 
oscillator back into correct phase. 

Briefly, the action of the reactance 
tube in this circuit is as follows. When 
an inductance is in a circuit, the phase 
relationship is such that the current in 
the inductance lags the voltage applied 
to its terminals. Therefore, if a tube is 
connected in a circuit so that the plate 
current lags the voltage between the plate 
and cathode, it will appear as an induct-
ance to the associated circuit. The tube 
then acts as an additional inductance, 
which can be connected in parallel with 
an oscillator tank circuit to vary the 
oscillator frequency. 

Fig. 36-16 shows how the reactance 
tube is connected in the oscillator circuit 
of the synchro-lock system to achieve 

primary 
T108 

—2V 

P194 

horizontal 
hold control 

1012 

Fig. 36-16 
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this result. The plate of tube V124 is 
connected to the top of the oscillator tank 
through blpcking capacitor C173. This 
capacitor serves to block the d-c voltage 
applied to the tube plate, but its reac-
tance is negligible at the oscillator fre-
quency of 15,750 cycles. The cathode of 
the tube, however, is not connected direct-
ly to the grounded side of the oscillator 
tank. It is connected to resistor R194, 
which is in series with the capacitive leg 
of the tank circuit. With ground as the 
common reference point, the oscillator 
tank voltage is applied to the plate of the 
tube; but the phase at the cathode is de-
termined by the current through the capac-
itive leg, which leads the tank voltage by 
about 90°. For resistor R194, the voltage 
is in phase with the current, but the ratio 
of capacitive reactance to ohmic ( d- c) 
resistance is approximately 63 to 1. The 
actual resistance of R194 has little effect 
on the phase relationships of voltage and 
current flowing through it, and, therefore, 
the voltage from cathode to ground will 
lead the voltage from plate to ground by 
about 90°. 

What we need to know is the phase 
relationship between the plate voltage 
and the plate current. The plate current 
of the tube varies with and is in phase 
with the voltage between the grid and 
cathode. If we consider that a voltage 
exists between the grid and ground, and 
în a-c voltage is applied between cathode 
and ground, the voltage at the grid with 
respect to the cathode is 180° out of 
phase with the voltage from cathode to 
ground — that is, a more positive voltage 
at the cathode is equivalent to a more 
negative voltage at the grid. The voltage 
from grid to cathode then lags the volt-
age from plate to ground. Because the 
plate current is in phase with the grid 
voltage, the plate current of the tube lags 
the plate voltage and the tube acts as an 
inductance in the circuit. 

The amount of inductance introduced 
by the tube is determined by the value of 
the plate current, with increased current 
representing a lower inductance and de-
creased current representing an increase 
in inductance. The inductance introduced 
by the reactance tube is in parallel with 

the larger inductance of the coil of the 
tank circuit. An increase in the reactance 
tube's inductance results in a higher 
total inductance in the tank circuit and, 
therefore, a lower oscillator frequency; a 
decrease in the reactance tube's in-
ductance raises the oscillator frequency. 
Therefore, the reactance tube can correct 
the oscillator frequency whether it is too 
high or too low. 

Thus a negative control voltage from 
the discriminator, applied to the grid of 
the reactance tube, will decrease the 
plate current, increase the reactance tube 
inductance, increase the tank circuit 
inductance, and lower the oscillator fre-
quency. The reverse is also true. The 
connections are such that the control 
voltage obtained from the sync discrimi-
nator operates automatically to bring the 
frequency of the oscillator in line with 
the frequency of the sync pulses, and 
then to keep the oscillator from straying. 

As an example of the operation of the 
circuit, suppose the natural frequency of 
the oscillator increases. This causes the 
lower diode of the sync discriminator to 
conduct more than the upper one, placing 
a more negative bias on the grid of the 
reactance tube. This causes plate current 
to decrease, and since X = E/I, the reac-
tance in the plate increases. Since the 
plate circuit of the reactance tube is 
effectively inductive and XL = 2 rfL, in-
ductance increases, which increases the 
over-all inductance of the oscillator tank 
circuit. Since fo = 1/27r /11.-C, increasing 
inductance decreases the resonant fre-
quency of the oscillator, and the rise in 
oscillator frequency is corrected. 

Synchro-Guide System -- A much more 
compact arrangement than the " synchro-
lock" system is used in the " synchro-
guide" system of automatic frequency 
control. 

A duo-triode 6SN7-GT (V108 in the 
schematic), functions as frequency-varia-
tion detector, horizontal oscillator, os-
cillator control, and discharge tube. This 
is accomplished by a circuit interconnect-
ing the elements of the two sections of the 
dual triode, as shown in Fig. 36-17. 
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Horizontal Oscillator -- Section B of 
V108, the horizontal oscillator, is con-
nected as a free-running blocking oscilla-
tor, and also serves as the discharge 
tube in generating the sawtooth sweep 
voltage. Coarse adjustment of the oscil-
lator frequency is effected by tuning the 
plate coil of the blocking oscillator with 
the tuning slug in its core. Fine frequency 
adjustment is made by varying capacitor 
C136C, connected across part of the grid 
biasing resistance. An additional manual 
adjustment of frequency is provided by 
the Horizontal Hold Control, R156, which 
permits a 5 percent variation of frequency 
by varying the plate voltage of the control 
tube (V108A). 

The sawtooth voltage sweep generator 
is a conventional circuit consisting of 
capacitor C163, charging through resistor 
R159 and discharging through the impulse 
generator and discharge tube ( V108B). 
The sweep voltage developed then passes 
on through a horizontal output stage and 
a horizontal output transformer to the 
horizontal deflection coils. 
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Synchro-Guide Circuit -- The circuit of 
the synchro-guide control tube (V108A) 
functions as a phase-deviation detector 
and control mechanism for the automatic 
correction of the blocking oscillator fre-
quency. A simple method is used to 
maintain the grid bias of this tube at cut-
off value, except for the brief intervals 
in which a peak positive voltage is ap-
plied. A portion of the bias voltage from 
the blocking oscillator is applied, through 
the voltage divider consisting of resistors 
R165 and R157, to the grid of the control 
tube. 

The signal input applied to the synchro-
guide control tube is a complex wave 
derived from three sources: ( 1) a saw-
tooth voltage from the horizontal blocking 
oscillator; ( 2) a feedback voltage from 
the horizontal output transformer; and ( 3) 
the sync pulse. Each of these signals 
passes through an attenuating network 
before they are combined to form the wave 
applied to the control-tube grid. Fig. 
36-18 illustrates this process. 
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The sawtooth voltage from the hori-
zontal oscillator is applied to the inte-
grating circuit (R153 in series with 
C136A), with the output taken across the 
capacitor. When a square wave is applied 
to an integrating circuit, a sawtooth wave 
results. But when a sawtooth wave is 
applied to an integrating circuit, the out-
put waveform appears as a parabolic 
wave, as shown in Fig. 36-18a. 

The waveform obtained from the hori-
zontal deflection system is in the form of 
a high- voltage negative pulse. This is 
fed through the network of R189, C165, 
and C136A, with the output again taken 
across the capacitor C136A. The pulse 
is partially integrated and attenuated to 
form the waveform shown in Fig. 36-18b. 

The sync pulse passes through the 
capacitive voltage divider, C122 and 
C136A, where its amplitude is limited. 

Note that C136A is common to all three 
input circuits. In the circuit diagram it is 

(I) 
and 
(2) 

(3) 

(d)composite waveform 

— cutoff 

cutoff 

labeled Horizontal Locking Range Control. 
Varying this capacitance varies the am-
plitude of all three input signals, which 
together form the composite waveform 
applied to the grid of the control tube, 

Now let us see how the composite 
waveform is developed, and why such a 
shape is desired. In Fig. 36-18d the 
parabolic waveform ( 1), derived from the 
horizontal oscillator voltage, and the 
waveform ( 2), derived from the horizontal 
output transformer voltage, are combined 
to form a composite wave. The parabolic 
waveform gives a steeper slope near the 
peak than is obtained with a sawtooth 
wave, while the addition of the partially 
integrated negative pulse results in a 
sharp downward slope immediately follow-
ing the peak. The resultant waveform 
gives us a reference point, the peak, on 
which the position of the superimposed 
sync pulse ( 3) can be very accurately 
determined. 



36-16 
TELEVISION SERVICING COURSE, LESSON 36 
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waveform 
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Fig. 36-19 

Fig. 36-19 shows how accurately this 
system can serve to determine phase de-
viation between horizontal oscillator and 
sync pulse. When the two are phased cor-
rectly, the pulse falls at the tip of the 
peak of the composite wave in such a 
manner that about one-half of the pulse 
remains at the peak while the other half 
drops down the steep slope, Fig. 36-19a. 
When the sync pulse arrives too late, 
more of the pulse drops off the peak and 
slides down the steep side of the wave-
form (b). When the sync pulse arrives too 
soon, more of the sync-pulse width re-
mains atop the peak than normal (a). 

Operation of the Control Circuit -- A 
close examination of the waveforms of 
Fig. 36-19 shows that phase variation is 
indicated by the width of the peak of the 
composite input wave, which is suffici-
ently positive to drive the grid of the 
control tube above the cutoff value. When 
phase is properly adjusted, the tube con-
ducts for a very short period, less than 
the time interval of a sync pulse. When 
the oscillator frequency is too high, so 
that the pulse arrives too late, the tube 
conduction time becomes less; when the 
oscillator frequency is too low, so that 
the sync pulse arrives too soon, the tube 
conduction time becomes greater. 

This variation in conduction time of 
the control tube must be converted into a 
potential which can be used to make 
corresponding changes in the oscillator 
frequency, to bring it back into step with 
the sync pulse. During the periods in 
which the tube conducts, the current 
through the network in the cathode circuit, 

grid cut-off of 
control tube , V108 A 

(c) sync too early 

consisting of R158 and R164 in series 
shunted by C167 and C161 in series with 
R172, charges the capacitors to a d-c 
voltage proportional to the conduction 
time. The time constant of this network 
is sufficiently long to eliminate varia-
tions caused by noise or interference, but 
short enough to follow phase modulation 
in the transmitted sync signal. 

The control voltage thus obtained is 
applied, through the voltage divider of 
R158 and R164, as a bias to the grid of 
the blocking oscillator. The variation in 
this bias voltage is sufficient to shift the 
oscillator frequency the required amount, 
and in the proper direction to pull it into 
phase with the sync pulse. 

Stabilized Synchro-guide Circuit. --
Improvement of the synchro-guide circuit 
discussed above resulted in the develop-
ment of the stabilized synchro-guide 
circuit. This circuit is shown in Fig. 
36-20. The essential difference between 
this circuit and that of Fig. 36-17, aside 
from changes in circuit values, is the 
replacement of blocking-oscillator coil 
L121 by a three-coil transformer, T109. 
The third coil of this transformer forrii -a 
stabilizing tuned circuit with capacitor 
C159. 

This tuned circuit develops a sine 
wave which is added to both the plate and 
grid voltages of the blocking oscillator, 
in such phase that the slopes of these 
voltages are much steeper jut ahead of 
the firing point. This considerably im-
proves the frequency stability of the 
blocking oscillator. The difference in the 
oscillator and control voltage waveforms 
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is shown by the waveforms that are 
given in Fig. 36-21. 
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The oscillator stability is improved so 
much that the Horizontal Frequency Con-
trol, C136C, can be eliminated and the 
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pull- in range of the Hold Control can be 
reduced to a total range of only 3Y2 per-
cent of the oscillator frequency instead 
of the 5 percent range provided for in the 
circuits of previous models. The Hori-
zontal Hold Control, R173, adjusts the 
oscillator frequency within the above 
limits by varying the plate voltage applied 
to the control tube. 

The synchro-guide AFC system has 
been called a width-modulation system, 
since control is dependent on the width 
of the sync pulse that remains on the 
peak of the composite wave applied to 
the control tube . The system may be con-
sidered more accurately as a variable 
area system, because the pulse amplitude 
could also affect the control. It is there-
fore essential that the amplitude of the 
pulses be limited by the sync separator 
before they are applied to the synchro-
guide automatic frequency control circuit. 

Another type of automatic sync con-
trol circuit is illustrated in Fig. 36-22.In 
this circuit, the phase discriminator com-
pares the synchronizing pulses with the 

output of the sawtooth generator to pro-
duce a d-c control voltage that depends 
on the timing of the sync pulses with 



36-18 

sync 
input 

.05MF 

05MF 

TELEVISION SERVICING COURSE, LESSON 36 

6.4L5 
Phase Discriminator 

d-c 
control 
voltage 

.05MF 

sowtooth 
input voltage 

F ig. 36-22 

respect to the sawtooth wave. Sync 
pulses of opposite polarity are coupled 

by the push-pull transformer. The d-c 
output voltage of the discriminator is 
filtered and applied to the grid of a 
multivibrator or blocking oscillator to 
correct its frequency by changing the d-c 
grid bias. 

Although a transformer is shown in 
Fig. 36-22 to obtain push-pull sync pul-
ses, a sync inverter stage can be used 
instead, as in audio amplifiers. Both 
diodes have the same size coupling con-
densers and load resistors so that with 
the same input the rectified output is the 
same. The two diodes are connected in 
series and the net output is filtered to 
provide the required control voltage. 
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PART I-DEFLECTION CIRCUITS 

This lesson discusses the vertical 
deflection circuits, horizontal deflection 
circuits, and their çontrols. This is fol-
lowed by troubleshooting procedures for 
typical deflection oscillator and output 
circuits. 

VERTICAL DEFLECTION CIRCUITS 

37-1. Modern television receivers usu-
ally combine the blocking oscillator and 
discharge tube in one tube. In the typical 

G145 +11-

charging path 

circuit of Fig. 37-1, the vertical-sweep 
oscillator and discharge tube are com-
bined in a single triode. 

This typical circuit combines the 
basic features of both the blocking oscil-
lator and discharge tube circuits. Note 
condenser C157 and resistor R164 in 
series across the plate and cathode of 
the tube; this is the trapezoidal circuit 
previously described. The rest of the 
circuit is a blocking oscillator, similar to 
the one discussed in Lesson 36. 

Condenser C145 is the grid- leak bias 
condenser for the blocking oscillator. It 
is also the coupling medium by means of 
which the vertical sync pulse is fed into 
the blocking-oscillator grid circuit. During 
the time the blocking- oscillator tube is 
cutoff by the bias due to C145, the saw-
tooth condenser C157 charges through 
R154, R155, and R156, to B plus and - 120 
volts, then through R164 and back to 
C157. During this charging portion of the 
cycle, the trace portion of the trapezoidal 
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wave is formed. The charging path is il-
lustrated by the solid arrows in Fig. 37-1. 
After C145 discharges sufficiently, the 
blocking oscillator action forces the tube 
into conduction for a relatively short time. 
During this conduction period, the tube 
looks like a low resistance and causes 
C157 to discharge along the path of the 
dotted arrows. This forms the retrace 
portion of the trapezoidal wave. 

The vertical hold control is R158. It 
changes the discharge time constant of 
C145 and thus controls the repetition 
frequency of the blocking oscillator ( and 
trapezoidal wave) as previously described. 
The height control is in series with the 
charging path of C157, and therefore con-
trols its time constant. This permits C157 
to charge to greater or lesser values, 
controlling the amplitude of the output 
waveform and the height of the picture. 

Vertical Sweep Output. -- After the 
trapezoidal wave is formed by the trape-
zoidal generator, it must be fed into an 
amplifier and then th-ough a matching 

[vertical sweep oscillator and 
discharge tube 

6K6 Vertical Output 

37-3 

transformer to the vertical-deflection 
coils. The schematic diagram of the ver-
tical output circuits is shown in Fig. 347-2. 

The trapezoidal wave is fed into the 
grid of the vertical output tube. This is 
a 6K6 pentode used as a triode by con-
necting the plate and screen grid together. 
Connected as a triode, the tube has much 
less plate resistance than a pentode. Its 

plate resistance may be in the order of 
1,000 to 2,000 ohms. This low plate re-
sistance is important because it provides 
damping for oscillations which tend to 
occur in the vertical transformer and de-
flection coils during the vertical retrace. 
Further damping is provided by the two 
560-ohm resistors, R166 and R167, across 
the vertical-deflection coils. 

Vertical Linearity Control. -- A linear-
ity control is provided in the cathode cir-
cuit of the vertical output tube. This 
varies the bias on the tube and shifts the 
point at which the grid waveshape appears 
on the tube characteristic curve. How 
this controls linearity can be seen with 
the aid of Fig. 37-3. 
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grid voltage 

Assume that the sawtooth portion of 
the trapezoidal input tends to bend over 
on top. If not corrected, this would cause 
vertical non- linearity with stretching at 
the top of the picture and crowding at the 
bottom. By lining up the curved portion 
of the sawtooth with a similar but oppo-
site curve of the tube's operating charac-
teristic, the sawtooth curvature can be 
effectively balanced out. The input wave 
can be shifted with respect to the charac-
teristic curvature of the tube by changing 
the bias. This is accomplished in this 
circuit by varying the cathode resistance. 

A trapezoidal waveshape of voltage 
appears across the vertical output trans-
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former and deflection coils, and causes 
a sawtooth current to flow. The transform-
er is necessary since the impedance of 
the deflection coils is less than the out-
put impedance of the tube, and they must 
be matched for proper tube operation. The 
transformer used is called an " autotrans-
former", since it has only one winding, 
which is tapped for impedance matching. 
This type is similar in characteristics to 
a two-winding transformer and is simpler 
to manufacture. 

Two-Stage Vertical Oscillator. -- In 
some later model receivers, a new type of 
vertical sweep generator is used. This 
does away with the need for a separate 
blocking oscillator transformer. A sche-
matic diagram of this system is shown in 
Fig. 37-4. 

This circuit operates in the same way 
as a blocking oscillator, except that feed-
back energy in the correct phase is pro-
vided by the action of another tube (the 
pentode 6AQ5) instead of the blocking-
oscillator transformer. The primary of the 
vertical-sweep output transformer acts in 
the same way as the grid winding of an 
ordinary blocking-oscillator transformer. 
C179 provides grid- leak bias, and the 
free- running frequency of the oscillator is 
determined mainly by C179, R148, and 
R149. 

Assume that the grid of V109 has just 
been driven below cutoff, and is held 
there by the charge in C179. The trape-
zoidal generator consisting of C141 and 
R155 is charging up in the positive direc-
tion through R152, R153, and R154. This 
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is forming the trace portion of the trape-
zoidal wave which is amplified by V110 
and passed into the vertical-deflection 
yoke coils through the output transformer 
T106. As the trace is completed the bias 
in C179 pas decreased enough to permit 
V109 to begin conducting. C141 now 
begins to discharge rapidly through R155 
and V109. This results in the formation 
of the negative pulse portion (retrace) of 
the trapezoidal wave. This negative pulse 
is amplified by V110 and appears as a 
positive pulse across the primary of T106, 
the vertical-sweep output transformer. A 
portion of the pulse is tapped off between 
C159 and R202 and fed back to the grid 
of V109. This reinforces the tendency of 
the circuit to oscillate, since V109 is 
already conducting in the positive direc-
tion. This results in a large positive 
pulse being developed at the grid of V109, 
recharging the grid- leak condenser C179. 
At the same time, the positive pulse 
across the primary of T106 is causing the 
vertical retrace due to the effect of the 
deflection coils. 

Because of the resonance effects of the 
primary of T106 and the characteristics 
of the two tubes, the positive pulse on 
the grid of V109 will cut it off. The tube 
will not conduct again for some time be-
cause of the low Q of T106 (as in the 
original blocking oscillator). Thus the 
oscillator has characteristics of operation 
similar to those of an ordinary blocking 
oscillator. Synchronization is accomplish-
ed as described before,and the height and 
linearity controls also function the same. 
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37-2. -- Three types of horizontal-
deflection circuits have been used in 
television receivers. The automatic-
frequency-control circuits used with hori-
zontal deflection were discussed in 
Lesson 36. A schematic diagram of one 
common type of horizontal deflection 
system is shown in Fig. 37-5. 

This horizontal-deflection system has 
some important features in its operation 
First, it utilizes energy which was pre-
viously lost to provide part of each scan-
ning line. This permits a saving in the 
size of the power supply and provides 
greater efficiency for the horizontal scan-
ning system. Second, it provides high-
voltage pulses at the rate of 15,750 per 
second. These pulses when rectified 
provide the high accelerating potential 
(9,000 to 12,000 volts) for the second 
anode of the kinescope, eliminating the 
need for a separate high-voltage supply. 

Sweep Generator. -- The horizontal-
sweep oscillator is a sine-wave oscil-
lator, as described in a previous lesson. 
Due to the manner in which the oscillator 
tube is operated, the waveshape at the 
plate of the oscillator tube is squared off 
as shown at the left in the figure. This 
squared wave is passed through a " differ-
entiating" or "peaking" network, C176 
and R202, which produces a peaked wave 
with positive and negative " pips", as 
shown. The peak-to-peak amplitude of 
this wave is about 100 volts. The posi-
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tive pip produces a grid-leak bias of 
about 40 volts on the grid of V120B. Due 
to the large time constant of C177 and 
R203, the bias is maintained practically 
constant between positive pips. This 
means that V120B conducts only for a 
short period of each horizontal cycle 
(during the positive pip), and is cut off 
for the remainder of the horizontal cycle. 

When V120B (the horizontal-discharge 
tube)is cut off, condenser C179 charges 
in the positive direction through R204, 
+275 volts (power supply), and R187, as 
shown by the arrows. The developed wave-
shape is trapezoidal because of the 
action of R187 and C179. When the posi-
tive pip arrives, V120B conducts heavily 
and C179 discharges rapidly through 
R210, R187, and V120B. This discharge 
produces the sharp negative pulse portion 
of the trapezoidal wave. 

In this deflection system, the trape-
zoidal wave does not have exactly the 
same function as it did in the vertical 
circuits. Here, a trapezoidal wave is re-
quired because a very sharp negative 
pulse is needed to cut off the 6BG6-G 
(V126) at the end of the scanning line. 
The magnitude of the negative part of the 
trapezoidal wave can be controlled by the 
horizontal drive control, R187. How this 
control affects the picture will be ex-
plained later. The trapezoidal wave with 
adjustable negative pulse is fed into the 
grid of the 6BG6-G horizontal output 
stage. 

The Output Circuit. -- The plate of the 
6BG6-G feeds into a special horizontal 
output transformer. We will now discuss 
the operation of this special horizontal-
deflection circuit, disregarding for the 
moment the high- voltage rectifier and 
concentrating on the scanning function. 
An enlarged drawing of the waveshape 
input to the 6BG6-G is shown in Fig. 
37-6. 

The section from A' to A represents 
the rise of the sawtooth portion to its 
maximum positive value at the grid, which 
in turn causes the maximum current to 
pass through the output tube, output 
transformer, and horizontal-deflection 
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beam at left side 

coils. The direction of currents is shown 
in the simplified drawing of Fig. 37-7. 

The tube current, which is now in-
creasing, causes the primary of the out-
put transformer to become negative at the 
top with respect to the bottom. This in 
turn induces a voltage of opposite polarity 
in the secondary. Note the direction of 
the currents in the primary and secondary 
at this time, and that the current in the 
yoke is flowing up. This causes the beam 
to move to the right, and at point A (max-
imum value) the beam is forced to the 
extreme right side of the kinescope to 
complete the scanning of one line. Now, 
let us sum up the operating conditions 
at point A. 

1. Current in primary is maximum and 
is flowing down. 
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2. Current in secondary is maximum 
and is flowing down. 

3. Current in yoke coils is flowing up 
and is maximum ( positive direction). 

4. Beam is deflected all the way to 
the right. 

The output transformer is of a special 
design and is self-resonant at about 71kc. 
This resonant frequency is related to the 
desired retrace time, as will be seen. 

The Retrace.-- At point A on the input 
waveshape, the 6BG6-G is suddenly cut 
off by the negative pulse. Cutting off the 

1/2 maximum (positive) current 

5V4G 

1 
CI — C2 

-100V 8+ 

yoke 
horizontal 
deflection 

coils 

tube suddenly leaves the transformer with 
a great deal of stored energy in its mag-
netic field and it now tries to oscillate at 
its resonant frequency. Current in both 
the primary and secondary continues to 
flow in the same direction as before, but 
at a decreasing rate. The direction of 
current cannot change, since an induct-
ance tends to resist any change of cur-
rent. However, the magnitude of current 
is decreasing, since the oscillatory action 
is charging up the energy capacitance of 
the transformer. This is shown in Fig. 
37-8. 

5V4G 
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Fig. 37-8 
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Notice the reversal of polarity of the 
horizontal output transformer, caused by 
the magnetic field which is now collaps-
ing instead of expanding. The potential 
at the plate of the output tube is now 
positive. It is during this time (horizontal 
retrace) that the high-voltage pulse for 
the kinescope is produced ( Fig. 37-66). 
Fig. 37-8 shows the circuit when the 
current has decreased to one-half its 
maximum value in the transformer and 
yoke coils. This decrease of current 
permits the beam to return halfway to the 
center of the kinescope. (The exact man-
ner in which this is accomplished will be 
described in following lessons.) This is 
the first portion of the horizontal retrace; 
its timing is determined by the resonant 
frequency of the horizontal output trans-

former and yoke. 

Let us progress a step further, as 

shown in Fig. 37-9. 

5V4G 

GI 

-100V 

Fig. 37-9 

G2 

The current has now decreased to zero, 
but the voltage across the capacities C 
and Cs is maximum, meaning that the 
maximum value of the kinescope high-
voltage pulse is developed at this point. 
Compare this figure with Fig. 37-6b and 
note that zero current in the deflection 
yoke corresponds to maximum voltage at 

the 6BG6-G plate. 

It can be seen in Figs. 37-8, 37-9, and 
37-10 that during the retrace time, the 
plate of the reaction scanning tube ( 5V4G) 
is negative; it is not conducting and pro-

vides no damping for the deflection cir-
cuits. Therefore we can disregard this 
tube during retrace tim e. 

Fig. 37-10 shows the circuit as the 
beam starts to move toward the left of 
center. 

5V4G 

GI 

-100V 

/. 
2 maximum (negative) 

current 

Fig. 37-10 

C2 

8+ 

The stray capacities of C and Cs, 
P 

having reached their maximum charge, 
are now discharging as shown, putting 
their energy back into the deflection 
system, but in a direction opposite to 
that at the start of the retrace. Let us 
call the current that now flows a " nega-
tive" current. This is meant to indicate 
a reversal of direction, since current, 

8+ being a rate of flow, .has no polarity. The 
reversed current also produces a reversal 
of magnetic fields in the deflection yoke 
and transformer. The reversed yoke field 
pushes the beam to the left of center. 

The normal position of the electron 
beam is at the center of the kinescope, 
and it must be forced to either side by 
the magnetic deflection fields. Thus when 
the current (and magnetic field) is zero, 
the beam returns to center. When the 
current has a " positive" value, the beam 
is right of center, and when the current 
has a " negative" value the beam is left 
of center, for horizontal scanning. 

The beam is now halfway between the 
center and the left edge of the kinescope, 
still traveling from right to left. The 
plate of the 5V4-G is still negative and 
the tube is not conducting. The last dia-



porizontal Deflection Circuits 
37-9 

gram of the " retrace" series, which shows 
the conditions for completing the retrace, 
is Fig. 37-11. 

maximum (negative) 
Current 

Fig. 37-11 

The capacities CP and Cs are dis-
charged to zero, and current is maximum 
in the negative direction, forcing the beam 
to the extreme left of the kinescope 
screen. This concludes the retrace. 
Reference to Fig. 37-6b (yoke current) 
shows that the retrace time took precisely 
one-half of one cycle of free oscillation 
of the horizontal transformer and yoke. 

Let us now see how much time this 
actually takes. To find the time of a 
complete cycle we use the following 
equation: 

1 
T=— or T= 

71, 000 

=14 microseconds (approximately) 

Therefore, one-half of a full cycle, or the 
retrace time, takes about 7 microseconds. 
Since the maximum allowable retrace time 
is about 10 microseconds, enough time is 
left over ( about 3 microseconds) to allow 
for blanking both before and after retrace. 

1 

Damping. -- Before beginning the next 
horizontal trace, we must solve an import-
ant problem. At the end of the retrace, 
the horizontal output system is still in a 
condition of free oscillation. This oscil-
lation must be halted almost instantane-
ously if linear deflection is to be provided 

during the early part of the trace. If the 
os c illa ti on is not quickly stopped 
(damped), the left side of the picture will 
be badly distorted. We can stop the 
oscillation effectively by placing a simple 
damping tube across the deflection coils, 
as shown in Fig. 37-12. 

damping 
tube 

8+ 

Fig. 37-12 

In this simple system, when the oscil-
lation voltage tries to swing positive, the 
diode conducts and quickly damps out 
oscillations. There are, however, several 
additional features of the operation. One 
of these is the fact that energy stored 
in the horizontal transformer and yoke 
during the previous trace is wasted, and 
the output tube and power supply must 
furnish all the energy required to scan a 
new line. This results in relatively poor 
efficiency for the horizontal-scanning 
system. To overcome this, the " reaction 
scanning" system was developed and in-
corporated into later receivers. 

Reaction Scanning. -- This system or 
a modification of it has been used in 
many receivers. Reaction scanning pro-
vides damping of the oscillations with a 
large saving of stored energy in the hori-
zontal system. The reaction-scanning 
action starts just after the conclusion of 
the retrace ( Fig. 37-11). Note that a max-
imum value of current is flowing, the 
voltage across C and Cs is zero, and the 
beam is at the extreme left. Conditions 
in the horizontal output circuit a short 
time later are shown in Fig. 5,-13. 

The current continues to flow in the 
same direction, but its magnitude is now 
decreasing, lessening the strength of the 
magnetic field, and allowing the beam to 
start moving toward the right. At the same 
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C2 

time the reaction scanning tube ( 5V4G) 
begins to conduct, since the plate is now 
positive. 

To avoid confusion, the conduction 
path of 5V4G is shown separately in Fig. 

37-14. 

Fig. 37-14 

The tube current flows through the 
yoke coils and transformer secondary, 
through C2 and Cl. This effectively 
places the low resistance of the diode 
(5V4G) in shunt with these circuits and 
begins to damp out the natural tendency 
to oscillate. Remember that the beam is 
beginning to return to the right because 
of stored energy which is now being 
damped. The 6BG6-G horizontal- output 
tube is at this time practically non- con-
ducting, and adds little or no energy to 
the sweep. The energy stored in the 
horizontal-output circuit is being used to 

Fig. 37-15 

provide part of the forward trace. This 
must be done linearly, however, so that 
the trace will not be distorted. This 
means that the damping of tile oscilla-
tions must be linear at least until the 
6BG6-G begins to supply an appreciable 
part of the scanning energy. Some idea of 
the relation between the energy supplied 
by storage in the coils and that supplied 
by the horizontal-output tube can be 
gained with the aid of Fig. 37-15. 

lonescop'e screen 

center 

Here we see that the first portion of 
the damped oscillation remains linear, 
and since this represents current in the 
deflection system, it provides linear de-
flection for the first portion of the forward 
trace ( possibly one third or so). As the 
beam approaches the center of the screen, 
the damped oscillation is no longer linear 
and the beam would tend to slow down. 
However, the output tube now makes up 
for the deficiency, supplying enough 
energy to maintain linear deflection until 
the right side of the screen is reached. 

B-Supply Boost. -- It can be seen from 
the preceding discussion that the energy 
stored during the latter part of the trace 
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is not wasted, but is used to provide part 
of the forward sweep. This stored energy 
is also utilized in another manner. Refer 
to Fig. 37-14, which shows the conduction 
path of the 5V4-G reaction scanning tube. 
Note that this path passes through con-
densers C2 and Cl. We may disregard 
C2 since it is so large ( 120 MF in power 
supply) that no voltage change occurs 
across its terminals. However, Cl is 
relatively small (. 05 MF), and its voltage 
rises appreciably. Look at Fig. 37-5 for 

a moment. Cl of Fig. 37-14 is actually 
C186 of Fig. 37-5. Note that 350 volts 
appears at the top of C186 although the 
supply voltage is only 275 volts. This 
means that C186 (or Cl) charges to an 
additional 75 volts due to the conduction 

of the diode. This additional charge, and 
that of C188, which also charges through 
the diode, is applied to the plate circuit 
of the 6BG6-G and supplies a portion of 
the energy to operate this tube. 

Thus we have two means of energy 
storage: in the magnetic fields of the 
transformer and yoke, and in condensers 
C186 and C188. Conservation of some of 
the scanning energy in this way increases 
the efficiency of the horizontal scanning 
system considerably. As can be seen in 
Fig. 37-15, the energy supplied from stor-
age loses its linear characteristic after a 
time and becomes curved. This curvature 
is matched against an equal and opposite 
curvature of the horizontal-output tube 
characteristic, resulting in a linear sweep 
near the center of the screen as well as 
in the right and left portions. 

High Voitage.— Figure 37-6 shows that 

the plate voltage of the 6BG6 becomes a 
positive pulse during the retrace time, 
with the maximum value occurring at the 
center of the retrace. This pulse attains 

a maximum value of about 6,000 volts at 
the plate; however, this is not high enough 
for application to the kinescope. Refer-
ring to Fig. 37-5 it can be seen that an 
additional step-up to about 9,000 volts is 
obtained by autotransformer action in the 
primary of the horizontal output trans-
former. These large voltage pulses have 
a very high repetition rate ( 15,750 per 
second), and so require relatively little 
filtering as compared to a 60-cycle supply. 

As can be seen in Fig. 37-5, after 
rectification by the 1B3-GT the high volt-
age is filtered by a 500-MMF condenser, 
a 1-megohm resistor, and a second 500-
MMF condenser which is not shown in the 
diagram. This second condenser is actual-
ly part of the kinescope, comprising the 
inner and outer Aquadag coatings sepa-
rated by the dielectric of the glass tube. 
This type of high- voltage supply and 

filter has poor regulation and supplies 
only a small amount of current. This is 
satisfactory to operate the kinescope and 
also makes the upply much safer to 
handle than a 60-cycle high- voltage power 
supply. The 1B3-GT is a special rectifier 
tube with a very high inverse-peak voltage 
rating (40,000 volts) and a low filament-
current rating of 200 milliamperes. Fila-
ment power is supplied by a separate 
secondary winding on the horizontal-
output transformer, eliminating the need 
for a separate, expensive and bulky fila-
ment transformer. 

HOR I ZONTAL DEFLECT I ON CONTROLS 

37-3. The following controls and ad-
justments are present in the horizontal-
sweep circuits: 

a. 
b. 
C. 
d. 
e. 

Horizontal Drive Control 
Width Control 
Horizontal Linearity Control 
Horizontal Centering Control 
Horizontal Linearity Adjustment 

Horizontal Drive Control. -- This is 
shown in Fig. 37-5 as R187. It is a 
20,000-ohm variable resistor in series 
with a 6800-ohm fixed resistor ( R210) in 
the plate circuit of V120B. These two in 
turn are in series with sawtooth condenser 
C179. These resistors are "peaking" 

resistors which help produce the trape-
zoidal wave. Varying R1$7 has little 
effect on the sawtooth portion of the 
wave, but a considerable effect on the 
negative pulse portion. This effect is 
illustrated in Fig. 37-16. 

When the drive control is in its mini-

mum position, a relatively small negative 
pulse is produced. The average value of 
the wave is rather high ( Fig. 37-16a) and 
the sawtooth portion does not drive very 
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high above the bias in the positive direc-
tion on the grid of the output tube. This 
limits the maximum current supplied to 
the yoke; thus the amount of horizontal 
deflection with this setting of the hori-
zontal control is less than that at higher 
settings. Also, with this setting, the 
kinescope high voltage is low, since 
there is less energy storage in the yoke. 

When the drive control is advanced to 
its maximum position, the magnitude of 
the negative pulse is greatly increased, 
as shown in Fig. 37-16b. The sawtooth 
portion of the wave has about the same 
amplitude as before. The larger negative 
pulse now causes the average value of 
the wave to drop, so that the sawtooth 
portion drives higher in the positive direc-
tion than previously. This increases the 
scanning width and the high voltage. The 
maximum setting, however, can seldom be 
used since it causes crowding on the 
right side of the picture. The drive con-
trol is usually reduced from maximum 
until a linear horizontal deflection is 
obtained. 

Width Control. -- The width control is 
a variable inductance ( L196) connected 
across a portion of the secondary winding 
of the output transformer. This is shown 
in Fig. 37-5. When two inductances are 
placed in parallel, the total inductance is 
less than the original value. By changing 
the value of the variable inductance, the 
inductance of the entire secondary can be 

varied within certain limits. Varying the 
inductance of the secondary changes its 
induced voltage, and thus varies the 
current available to drive the yoke. If the 
inductance of L196 is made small, the 
inductance of the secondary is minimum 
and so is the yoke current, giving minimum 
width. When the inductance of L196 is 
maximum, the secondary inductance is 
also•maximum, as is the yoke current, and 
maximum width is obtained. Thus varying 
L196 offers a convenient means of con-
trolling the scanning width. 

Horizontal Linearity Control. -- This 
variable inductor is shown in Fig. 37-5 
as L201. The control is in effect a phase-
shifting device which shifts the phase of 
the voltage that is developed across con-
densers C186 and C188 by the conduction 
of the 5V4G. Since this voltage is applied 
to the plate of the horizontal-output tube 
through a portion of the horizontal-output 
transformer primary, shifting its phase 
causes slight changes in the operation of 
the 6BG6-G (V126) and thus provides 
small changes in horizontal linearity. 
Rotating the adjustment counterclockwise 
causes the second quarter of the picture 
to stretch slightly and the first quarter to 
crowd. This control can be adjusted only 
slightly, major linearity adjustments be-
ing made by the horizontal drive control, 
explained at the beginning of this section. 

Horizontal Centering Control. -- Hori-
zontal centering is provided by sending a 
direct current of variable magnitude 
through the horizontal-deflection coils. 
As shown on the right of the schematic 
of Fig. 37-5, the horizontal centering 
control ( R211) is a 20-ohm potentiometer. 
The top of the control goes to + 275 volts; 
the bottom to + 280 volts. The movable 
arm of the potentiometer goes to one side 
of the yoke coils while the bottom terminal 
(+280 volts) goes to the other side of the 
yoke coils by way of the width control 
(L196) and the secondary of the horizon-
tal- output transformer. 

The method of obtaining horizontal 
centering in this receiver circuit is a 
trifle unusual, and should be considered 
in detail. Assume that the movable arm 
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of the centering control is at the very 
bottom, or at position 3. In this position, 
the centering control cannot supply any 
direct current to the yoke, and it might 
seem that the beam (or picture) would not 
be influenced by centering current. How-
ever, this is not the case. When the 
centering control is in this position, 
maximum centering current is being sup-
plied from another source, and the picture 
is moved a rraximum amount off center in 
one direction. The path of the centering 
current from this second source is shown 
in Fig. 37-17. 

6BG6 G 

Fig. 37-17 

5V4 G 

Tracing the centering current, we find 
that it goes through the 6BG6-G, then 
down through the primary of the horizontal-
output transformer, through the linearity 
inductance ( L201), and to the damping 
tube, where it splits between the tube 
and the linearity resistor ( R209). From 
this point the current recombines and 
travels down through the yoke coils and 
back to + 280 volts. This current, which 
is the average or direct current from the 
6BG6-G, causes the picture to be moved 
to one side horizontally. 

Now assume that the horizontal center-
ing control is set to its other extreme; 
that is, the movable tap goes to the top of 
the potentiometer at + 275 volts. The con-
ditions now existing are shown in Fig. 
37-18. 

Due to the 5- volt potential difference 
across R211, a current now flows through 
the horizontal yoke coils in a direction 
opposite to that of the previous example. 
This is actually the resultant of two 

horizontal 
yoke coils 

i t 

  L201 

-100V 

Fig. 37-18 

1-275 

R2Il 

  +280 

currents, since the current described in 
connection with Fig. 37-17, still exists 
but is overcome by a greater current in 

1 the opposite direction from R211. Thi s 
R2Il new current, since it flows in the oppo-

site direction, causes the picture to be 
moved horizontally toward the opposite 
side of the screen. 

Now, if the movable arm is placed at 
the center of the control, the resultant 
direct current through the yoke coils is 
zero. This is true because the two cur-
rents previously discussed are now equal 
and opposite, and cancel out. With a zero 
direct current through the deflection coils, 
the picture will be near the center of the 
screen. Thus, varying the magnitude and 
direction of the direct current through the 
horizontal yoke coils provides horizontal 
centering for the picture. 

Mechanical Centering. -- In later re-
ceivers, electrical centering controls are 
not used. Instead the picture is centered 
by moving the focus magnet on the kine-
scope. Moving the magnet vertically 
shifts the picture horizontally, and moving 
the magnet horizontally shifts the picture 
vertically. The focus magnet can be 
moved by centering screws. In newer 
ets, the focus magnet has a separate 

centering plate that affects the focusing 
field. Instead of the focus magnet being 
moved, a lever arm on the centering plate 
is moved, vertically for horizontal center-
ing, and horizontally for vertical center-
ing. After the picture is centered, the 
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focus control and the ion-trap magnet 
must be readjusted. 

Linearity Adjustment. -- The linearity 
adjustment is a resistor with three taps, 
connected in parallel with the 5V4G; it 
is labelled R209 in Fig. 37-5. The resist-
ance of the unit to the lowest tap is 5,300 
ohms and may be increased by two steps 
of 500 ohms each. The resistor is in-
serted to compensate for manufacturing 
variations in the yoke and output trans-
former. Since it is in parallel with the 
5V4G tube, it has an effect on the rate of 
damping and so affects to some extent the 
linearity of the left side of the picture. 
This adjustment is set at the factory and 
usually does not have to be reset. How-
ever, if proper horizontal linearity cannot 
be obtained by adjusting the drive, width, 
or linearity controls, it may be necessary 
to move the tap on the linearity resistor. 
This resistor is located inside the high-
voltage compartment, and the high- voltage 
shield must be removed to reach it. 
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Electronic Magnifier. -- Certain tele-
vision receive rs are equipped with 
"Electronic Magnifier" deflection cir-
cuits. This circuit enlarges the center 
portion of the picture sufficiently to fill 
the entire screen, giving the effect of a 
"close-up" view. The Electronic Magni-
fier effect is controlled by a remotely 
operated switch, eihiçh may be located at 
any convenient viewing point. A schemat-
ic of this system is shown in Fig. 37-19. 

A relay ( K101) is controlled by the re-
mote switch ( S106) to provide normal or 
expanded picture viewing. The relay as 
shown is in the normal viewing position. 
Operation of the circuit can be seen more 
clearly in the simplified diagrams of 

Fig . 37-20. 

In the horizontal circuit, shown in a, 
it can be seen that the shunt and series 
width controls are in the circuit. These 
are adjusted to provide normal picture 
width. The series width coil core should 
not be out too far, otherwise the picture 
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Horizontal Deflection Controls 

LII9 
vertical 
peaking 
control 

will "ring" (oscillate) on the left half. 
In b of the figure, the vertical yoke coils 
are across the two taps of the vertical 
output transformer. The vertical peaking 
control aids in obtaining good vertical 
linearity in the top one-half inch of the 
picture. Vertical height and linearity are 
adjusted by the conventional controls. 

Expanding the Width.-- Now let us see 
how the currents change with the switch 
and relay in the expanded position. In Fig. 
37-21a neither L115 nor L121 are in the 
circuit. They have been replaced by L120 

6BG6 G 

4 

—120 v 

205 v 

horizontal 
oke coils 

(a) 

3 

width selector 
switch 

37-15 

vertical 
yoke coils 

(b) 

Fig. 37-21 

(the expanded-picture width control), 
C167, and the 3- position width-selector 
switch. The selector switch in position 1 
places L120 across the bottom part of the 
transformer. In position 2, L120 is cut 
out of the circuit, while in position 3, 
C167 is substituted for L120. This pro-
vides progressively greater widths ( going 
from 1 to 3) and if sufficient width is not 
obtained in position 1 by adjusting L120, 
position 2 or 3 may be used instead. In 
the expanded picture the larger outer 
circle of the test pattern, which is nor-
mally tangent to the top and bottom of the 
picture, is tangent to the sides of the 
picture (mask). 
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Expanding the Height. -- As can be 
seen in b of Fig. 37-21, the vertical peak-
ing control is removed in the expanded 
position and the yoke placed across a 
greater portion of the vertical output 
transformer. No adjustment is necessary 
here, since the height is automatically 
increased the proper amount. 

Thus, by virtue of the expanded sweeps 
in both the horizontal and vertical direc-
tions, it is possible to enlarge the center 
portion of the picture. Since important 
action seldom occurs near the outside 
edges, the expanded position can fre-
quently be used to provide a more satis-
factory view. 

COMMERCIAL HORIZONTAL DEFLECTION 
CIRCUITS 

37-4. The horizontal deflection sys-
tems in some receivers differ in several 
respects from the one just discussed. In 
general, these changes are: 

1. Different horizontal AFC system 
and oscillator. 

2. Different type of drive control 
3. Different type of horizontal output 

transformer and damping arrange-
ment. 

In some receivers, a different type of 
horizontal AFC system is used: the 
"stabilized synchroguide" which was 
discussed in Lesson 36. The horizontal 
sweep oscillator is of the blocking- oscil-
lator type which was discussed in detail 
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in the previous lesson. A schematic dia-
gram of this horizontal-deflection system 
is shown in Fig. 37-22. 

Sweep Oscillator. -- There is no sepa-
rate discharge tube, since the blocking 
oscillator also performs this function, as 
was the case in the vertical-deflection 
system previously discussed. The saw-
tooth condenser is C161. No trapezoidal 
wave is formed in this system. R184, 
which appears directly below C161, is the 
cathode resistor for the 6BG6-G, and not 
a peaking resistor, as it might first ap-
pear. Note that the sawtooth wave formed 
across C161 is applied between the grid 
and cathode of the output tube, and is the 
only signal driving this tube. 

Drive Control. -- The drive- control sys-
tem used here differs considerably from 
that used in the previous circuit. This is 
a capacitor voltage-divider arrangement 
consisting of the fixed coupling condenser 
C160 and the variable-drive control con-
C153B. 

Let us examine the capacitor voltage 
divider. In a previous lesson, we found 
that two resistors could be made to form 
a voltage- divider network for direct cur-
rent. In such a case, the applied voltage 
divides in proportion to the value of the 
resistances, the larger voltage appearing 
across the greater value of resistance. 
Much the same effect can be produced by 
using condensers as a voltage divider for 
alternating current. In this case, the a-c 
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voltage divides in proportion to the amount 
of the reactances. An example is shown 
in Fig. 37-23. 

90v 

Fig. 37-23 

-F 
30v 

60 

Here we have an a-c generator with an 
output of 90 volts. Connected across the 
generator is a capacitor voltage divider, 
one condenser having a reactance of 100 
ohms and the other a reactance of 200 
ohms. The a-c voltage divides across the 
two condensers in proportion to their 
reactances, 60 volts appearing across the 
larger reactance and 30 volts across the 
smaller reactance. 

Remember that the reactance of a con-
denser is inversely proportional to its 
capacity; that is, the smaller a condenser, 
the larger its reactance. In Fig. 37-23, 
the bottom condenser might be variable. 
Thus, decreasing its capacity (increasing 
its reactance) would change the voltage-
divider ratio so that more voltage would 
appear across the bottom condenser and 
less across the top. The opposite is also 
true. Increasing the capacity of the bottom 
condenser decreases its reactance and 
the voltage drops across it. 

Returning to Fig. 37-22, C160 corre-
sponds to the top condenser and C153B 
corresponds to the bottom condenser. 
Varying C153B adjusts the amount of 
sawtooth wave appearing across it. Since 
this is the actual signal fed into the grid 
of the 6BG6-G, C153B acts as a horizon-
tal drive control by controlling the ampli-
tude of the grid signal. The effect of the 
drive control upon the set operation is 
similar to that of the drive control in the 
previous case. 

In the control- grid circuit of the 
6BG6-G a 47-ohm resistor ( R183) is con-
nected in series with the grid. This 
resistor, which did not appear in early 
receivers, was inserted to reduce the 
effects of spurious oscillations which 
tend to appear in the grid circuit. These 
oscillations and their effect on the picture 
will be discussed in detail later. 

The Output Circuit. -- The basic func-
tioning of the horizontal output- tube trans-
former, damping, and high- voltage supply 
are the same as in early types. However, 
certain points of difference should be 
considered. As can be seen in Fig. 37-22, 
the output transformer is of the autotrans-
former type. This type is both simpler and 
more efficient than those with separate 
primary and secondary windings. The path 
of conduction of the damper tube is drawn 
in simplified form in Fig. 37-24. 
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Starting at the damper (6W4-GT) the 
conduction path can be traced through the 
linearity control L111 and R192, through 
the power supply to - 120, and into C164. 
This condenser stores energy for the out-
put tube by charging up to about + 322 
volts. This action also took place in the 
earlier system. The linearity control, 
L111, is in series with the damper current 
and also functions in a manner similar to 
that of the earlier system. The horizontal 
deflection coils are tapped into terminals 
1 and 4 of the autotransformer. This pro-
vides the proper impedance match between 
the yoke and the output tube for maximum 
transfer of power and efficient operation. 

Notice, however, that the damper cath-
ode is connected to terminal 5, while its 
plate is effectively connected to terminal 
1 through the power supply and C164. 
Thus, it is not only across the yoke coils, 
but across an additional part of the auto-
transformer as well. This provides more 
effective damping of the entire trans-
former. The filament of the damper tube 
is not tied to the cathode as it was in the 
older circuit, but is tapped down on the 
transformer. As a result, it is possible to 
reduce the necessary insulation of the 
filament winding supplying the 6W4-GT. 
This is accomplished as follows. During 
the retrace time, the top of the transformer 
is highly positive with respect to the bot-
tom. Proceeding toward the bottom of the 
transformer, the positive potential de-
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creases progressively. Thus the filament 
of the damper is less positive than its 
cathode by several hundred volts, which 
decreases the strain on the filament wind-
ing insulation. This is made possible by 
the characteristics of the heater- to-cathode 
insulation of the damper. The tube is so 
designed that with the cathode more posi-
tive than the heater, it will safely with-
stand a potential difference of 450 volts 
for a pulse period of not more than 10 
microseconds. Actually the pulse ( during 
flyback) is only about 7 microseconds, so 
the tube is operating below its rated 
conditions. 

High Voltage.-- Another point of inter-
est is the low potential connection of the 
high-voltage filter condenser, C168. This 
is the right side of the condenser in Fig. 
37-22; instead of going to ground, it is 
connected to the B plus supply ( 215 volts). 
This adds 215 volts to the high- voltage 
source, since the high- and low- voltage 
supplies are thus connected in series. 

D IRECT-DRIVEHORIZONTAL OUTPUT CIRCUIT 

37-5. Later receivers use a slightly 
different arrangement in the output circuit 
of the horizontal sweep output tube. The 
schematic is shown in Fig. 37-25. 
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The horizontal output tube is a 6AU5-
GT, which is much smaller both in physi-
cal dimensions and current ratings than 
the one (6BG6-G) previously used. This 
tube used in conjunction with a new yoke 
makes for more efficiency and economy in 
the horizontal output sweep system. 

The horizontal yoke is no longer tapped 
into an autotransformer, but is in series 
with a separate high-voltage transformer. 
The new yoke has considerably more in-
ductance than older types, and therefore 
requires less current for the same deflec-
tion. In comparing the two types of yokes 
the older type ( horizontal) is found to 
have an inductance of about 8 millihenrys; 
the new type, an inductance of about 30 
millihenrys, or nearly four times as much. 
The portion of the high-voltage transform-
er connected in series with the plate of 
the 6AU5 has an inductance of about 
28.5 millihenrys, and the remainder about 
102 millihenrys. 

The high- voltage transformer is tapped 
into a point where it will help provide the 
correct impedance match for the 6AU5 and 
at the same time limit the high voltage at 

6.4115 GT 

yoke 
coils 

width 
control 

CI56 

Fig. 37-26 

its plate. The maximum positive pulse 
rating at the plate of the 6AU5 is 5,000 
volts, and it is usually wise to remain 
below this value for trouble-free operation. 

The width control is a variable resistor 
(R178) in series with both the 6AU5 and 
the damper tube, thus controlling the val-
ue of current and, in turn, the sweep 
width. 

The path of damping tube current is 
shown in Fig. 37-26. 

Note that the damper current passes 
through C157, raising its potential to 
about 429 volts to provide energy storage 
for use by the plate circuit of the 6AU5 
and several other tubes. The horizontal 
linearity control acts the same as in pre-
viously-discussed circuits. 

PART H — TROUBLESHOOTING DEFLECTION 

CIRCUITS 

TROUBLES AND TESTS 

37.6 As in other parts of the receiver, 
one of the greatest aids to troubleshoot-
ing the deflection circuits is the presence 
or absence of a picture on the kinescope. 
By analyzing the various conditions on 
the kinescope screen, we can reduce 
considerably the time required to trouble-
shoot the receiver. A clear understanding 
of how the circuits work helps consider-
ably in doing this. Since all indications 
of trouble begin with the appearance of 
the picture ( if any) on the kinescope, we 
will consider specific kinescope pictures, 
then track down the trouble just as would 
be done in actual practice. 

Blank Screen. -- Suppose a set has a 
completely blank kinescope — no raster, 
no spot. After eliminating the obvious 
possibilities, such as checking to be sure 
that the set is plugged in and the power 
switch is on, the first step is to check 
for sound.If there is no sound, the trouble 
probably is in the low- voltage power 
supply. Since this unit is the subject of 
another lesson, we will assume that it is 
operating correctly and that we get normal 
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sound. Therefore,.we eliminate the low-
volt age power supply as a source of 
trouble. 

With no spot on the screen, several 
possibilities exist. The first element to 
check is the fuse (Fig. 37-19) in the 
B-plus line going to the horizontal-deflec-
tion circuits. This fuse, which has a 
rating of 1/4 ampere, is inserted to pro-
tect the receiver against faults which 
may occur in the deflection circuits. 
Remember that the fuse will only blow 
due to overloads in the deflection circuits. 
It is not affected by any other section of 
the receiver. However, fuses sometimes 
blow due to old age or temporary surges, 
and a blown fuse is therefore not a sure 
sign that something is wrong with the 
receiver. In many cases, simply replac-
ing the fuse will restore the set to normal 
operation. Be sure to check the fuse be-
fore looking for other troubles. 

Assume that the fuse is found to be 
normal. Now look into the neck of the 
kinescope to make sure that the filament 
is lit. ( We must assume that the ion trap, 
focus coil, and deflection yoke are cor-
rectly positioned.) If the filament is lit, 
it can usually be assumed that the kine-
scope is all right; however, if there is 
any doubt, try a substitute tube. In most 
cases, the original kinescope is left in 
the customer's home and a different kine-
scope is used in the shop; thus if the 
set's kinescope is bad, it will become 
apparent when the receiver is set up in 
the shop. 

Assuming that the kinescope is good 
(and it usually is), when there is no light 
on the face of the tube, we can be fairly 
sure it is caused by one of two reasons. 
One is excessive bias on the kinescope, 
which can be quickly checked with a 
voltmeter. The second and more common 
condition is a loss of kinescope high 
voltage. A quick check for high voltage 
can be made ( as previously described) by 
attempting to draw an arc from the high-
voltage connector. If no high voltage is 
present we must track down the cause. 
We will assume that the high- voltage cir-
cuits and rectifier are not at fault, since 
these will be treated in another lesson. 
Therefore, the loss of high voltage must 

be due to the fact that we are getting no 
drive through the horizontal- output 
transformer. 

Check the Tubes. -- The first step in 
this case is to check the tubes which may 
affect the operation of the horizontal-
sweep circuits. In one type of receiver 
(Fig. 37-5) the tubes which may be at 
fault are: 

a. Horizontal Oscillator ( not shown) 
b. Horizontal Discharge 
c. Horizontal Output 
d. Reaction Scanning 

The surest way to check these tubes 
is by substituting a new one. Tube check-
ers cannot always be relied upon. 

In later sets ( Fig. 37-14) the following 
tubes should be checked: 

a. Horizontal Sweep Oscillator 
b. Horizontal Sweep Output 
c. Damper 

If a defective tube is the only fault in 
the horizontal system, replacing it should 
restore the set to normal operation. Inci-
dentally, a 6BG6-G tube that is " gassy" 
may keep blowing fuses as fast as they 
can be replaced; so if this trouble arises, 
be sure to check that tube first. The next 
step is to make voltage and resistance 
measurements. 

Voltage and Resistance Checks.-- The 
voltages on the various tubes should be 
measured and checked against the service 
notes. Measurements should be made with 
a Volt-Ohmyst, if available, and should 
be within plus or minus 20 percent of the 
indicated values. Voltage readings radi-
cally different from those indicated in the 
service notes should be suspected, and 
their cause tracked down by resistance 
measurements. 

If certain resistors are open or their 
values greatly increased, they may affect 
the entire horizontal-deflection system. 
For example, in Fig. 37-19, R4 is the 
cathode bias resistor for the 6BG6-G tube. 
If this is open or matly increased in 
value, there will be little or no horizontal 
output. If the screen bypass condenser 
C163 should short, there will be no hori-
zontal output. Either of these faulty corn-
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ponents could be quickly located by volt-
age and resistance measurements. In 
making these measurements, remember 
the suggestions made in previouslessons, 
such as unhooking one side of a con-
denser, tapping a resistor, and so forth. 
All such measurements must be made 
accurately; otherwise they are valueless. 

The horizontal output transformer and 
horizontal yoke can be checked for con-
tinuity with an ohmmeter. Power must be 
off! The readings should conform fairly 
closely to those given in the service 
notes. Variation should not be greater 
than about 10 percent or so. Sometimes, 
however, resistance readings are not 
given in service notes. Therefore, it is a 
good idea to become familiar with such 
values by checking them in a properly 
operating receiver. An open or shorted 
winding in these coils could cause a com-
plete loss of high voltage. Frequently, 
open coils can be repaired, if the open 
ends are accessible. In the case of 
shorts, replacement is usually necessary 
because of the damage to insulation in 
the windings. 

In some receivers, .such as that shown 
in Fig. 37-5, . an open-circuited horizontal 
linearity coil will cause a complete loss 
of picture illumination and scanning be-
cause the B plus line is opened. This 
may be easily detected by a continuity 
check with an ohmmeter. In some later 
receivers ( Fig. 37-32), a shunting resistor 
is across the linearity control, so even if 
it should open, the receiver may still 
operate to some extent. 

HORIZONTAL DEFLECT ION TROUBLES 

37-7. Not all troubles in the horizontal 
deflection system result in a complete 
loss of brightness. Other conditions can 
cause a distorted raster or unwanted lines 
appearing on the kinescope. Some of 
the conditions are caused by oscillations 
in the horizontal system. We may divide 
such oscillations into two categories: 
(a) those caused by incomplete damping, 
and ( b) "Barkhausen" oscillations. 

The effects of incomplete damping may 
show up on the kinescope as a fold-over 

of the raster, most severe at the left side, 
or as a series of white, vertical lines. 
These photographs illustrate the two 
conditions. 

(0) 

(b) 

Fig. 37-27 

in both of these pictures of the hori-
zontal output circuit oscillations, it is 
possible to determine the section of the 
horizontal system causing the trouble 
simply by looking at the kinescope raster. 

Defective Damping. -- A very wide 
vertical bar such as is shown in Fig. 
37-27a is caused by some radical failure 
of the damping circuit; thus the cause 
must be on the output side of the horizon-
tal output tube. This wide bar is caused 
by large amplitude oscillations of bon-
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zontal yoke current. A photograph of an 
oscillograni of yoke current taken under 
these conditions is shown in Fig. 37-28. 

Fig. 37-28 

Notice the large amplitude swing due 
to lack of damping. This oscillation 
causes the beam to go forward, come 
backward and go forward again, traversing 
the area three times and producing a high-
ly intensified section at the left side. 
This oscillation of the beam at the left 
side can be clearly seen in Fig. 37-27a. 
Note that the vertical retrace lines go 
through a complete cycle of oscillation, 
thus intensifying the left side of the 
screen. Although difficult to see, there 
are also several narrow white vertical 
bars inside the wide bar. These are 
caused by the low amplitude oscillations, 
which do not swing the beam horizontally 
as much. The wide vertical bar in this 
case was caused by an open B-boost 
condenser, such as C186 in Fig. 37-5. 
A similar effect could be caused by a 
defective damping tube. Remember, when 

a very wide bar appears at the left side 
of the raster, look for trouble in the output 
circuit of the horizontal output tube. 

Excessive Drive. -- The thin white 
vertical bars ( there may be as many as 5 
or more) near the left side of the picture 
in Fig. 37-276 are also caused by insuf-
ficient damping. However, this is the 
fault of too much drive at the grid of the 
horizontal output tube, not of any defect 

in the damping system. There is simply 
too much oscillation produced for the 
damper to remove completely. A photo-
graph of an oscillogram of yoke current 
taken when 5 narrow white vertical bars 
were present is shown in Fig. 37-29. 

Fig. 37-29 

Note that for each white bar seen on 
the kinescope, there is one oscillation. 
These decrease in amplitude as horizon-
tal scanning progresses, and thus are 
rarely present in the right side of the 
raster. An enlarged view of a section 
(lower left) of Fig. 37-276 is'shown here, 

Fig. 37-30 

Note the oscillation of the vertical 
line. The amplitude of oscillations is 
less here than in the previous example, 
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since the damper is working normally. As 
stated above, this condition is caused by 
overdrive of the horizontal output tube. 
One way in which overdrive may be pro-
duced is by a decrease in value of the 
sawtooth condenser charging resistor. As 
an example, look at Fig. 37-22, in which 
R179, the charging resistor for C161, has 
a normal value of 100,000 ohms. If this 
value decreases, the sawtooth amplitude 
will increase, and if the charge is large 
enough, overdrive of the 6BG6-G will be 
produced, resulting in narrow, white, ver-
tical bars on the kinescope. The smaller 
R179 becomes, the more bars will appear. 
An increase of R179 above its normal 

value will not cause this condition, but 
may cause a loss of brightness, since in 
this case the drive will be reduced. A 
reduced value of C161 could also cause 
the narrow bars to appear. 

Once again, try first to localize the 
trouble to one section of the receiver, 
then look for specific defective compo-
nents. In this case, as in others, a quick 
look at the raster indicates where to start 
looking for trouble. In dealing with this 
type of difficulty in the horizontal deflec-
tion system, it should be remembered that 
later receivers use high-impedance yokes, 
and that with these yokes it is normal to 
find faint, wide, vertical bars in the ab-
sence of picture. When the picture ap-
pears, these cannot be seen. Since the 
bars do not interfere with picture quality, 
and cannot be easily removed, they should 
ordinarily be disregarded. However, if 
such bars become a source of interference 
in the picture, their effects must be 
reduced. 

B ark ha usen Oscillations. -- These 
oscillations are entirely different from the 
horizontal oscillations previously de-
scribed. They usually appear in the form 
of one or more black, vertical lines on 
the left side of the raster. The lines may 
vary in number and appearance from one 
channel to another, and may also be af-
fected by different brightness levels. 
Barkhausen oscillations are usually more 
obvious on the high-frequency channels, 
and at low brightness levels. A photo-
graph of very strong Barkhausen oscil-
lations is shown in Fig. 37-31, with an 
oscillogram of the grid of the kinescope. 

Fig. 37-31 

Note that the pulses of Barkhausen 
oscillation are of large enough amplitude 
to drive the kinescope grid to cutoff, thus 
producing the black lines. 

These oscillations are actually elec-
tron oscillations about the grid of the 
6BG6-G. Their exact frequency is unpre-
dictable, since it depends on tube con-
struction and operating potentials, but 
probably will not be lower than about 30 
megacycles or so. The oscillations are 
quite strong, and beat with the local 
oscillator to produce the correct i-f on 
certain channels, particularly the high 
ones. Because of the strength of the 
signals they appear black ( or black spot-
ted with white) on the kinescope. 

While different in nature and frequency 
from ordinary horizontal oscillations, 
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there is a connection in terms of timing 
or phasing between Barkhausen and hori-
zontal oscillations. In order for Bark-
hausen to occur, it is usually necessary 
for the plate of the 6BG6-G to go negative. 
This is usually only possible at the left 
side of the raster while horizontal oscil-
lations are occurring. Too much drive 
may create excessive horizontal oscilla-
tion, as we have already learned, and this 
condition encourages Barkhausen to take 
place. In some cases the Barkhausen can 
be eliminated by simply resetting the 
drive control. This shows the connection 
between Barkhausen and drive. It is now 
clear that any condition which encourages 
excessive horizontal oscillation may also 
be the cause of Barkhausen. Thus one 
way to avoid or remove Barkhausen is to 
make sure that there is not too much hori-
zontal drive and that the damping circuits 
are working properly. Other methods of 
reducing Barkhausen are: 

1. Replace the horizontal output tube. 
(The old one may work satisfactori-
ly in another set.) 

2. Place a single magnet type ion trap 
around the top of the output tube 
and rotate for best performance. 

3. Change the antenna or lead-in 
placement. (A built-in antenna may 

pick up an excessive amount of 
Barkhausen oscillation.) 

Horizontal Hon-Linearity. -- Another 
trouble which may be encountered is hori-
zontal non- linearity; that is, a non-con-
stant speed of electron movement across 
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the screen. It may be too slow in some 
areas and too fast in others. Where the 
beam movement is too slow, the picture 
will become crowded. Where it is too fast, 
the picture will be stretched. Unless the 
condition is extremely bad, it is difficult 
to determine non- linearity by watching a 
picture. A test pattern should be used; 
side wedges of equal horizontal length 
indicate linearity. 

Frequently, however, a test pattern is 
not available when needed and a check 
must be made by some other means. This 
can be done simply by connecting an r-f 
signal generator as shown in Fig. 37-32. 

An r-f signal generator ( or an audio 
oscillator with extended high- frequency 
range up to 100 kc or more) is connected 
in series with a d-c blocking condenser 
to the grid of the first video amplifier. 

No antenna signal is desired at this time 
and the generator ground is tied back to 
the receiver chassis. The generator fre-
quency is adjusted to about the tenth 
harmonic of the horizontal scanning fre-
quency; 157,500 cycles. This will result 
in about 10 vertical bars on the kinescope 
screen, as shown in Fig. 37-33. 

Note that the width and spacing of the 

bars are equal when the receiver is prop-
erly adjusted and is operating normally. 
This is not so when horizontal non- linear-
ity is present. Some minor defects which 
cause non- linearity of scanning may be 
corrected by changing adjustments. If the 
receiver has been operating correctly and 
suffers a radical change of linearity, it 
would be wise to track down the source 
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(low range) 

00 

second 

video 
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face 

Fig. 37-32 
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Fig. 37-33 

of trouble even if it could be corrected by 
adjustments. A photograph of horizontal 
yoke current taken from a normal receiver 
looks like this: 

/ 
Fig. 37-34 

Note the very slight oscillations at the 
bottom of the sawtooth. These are normal 
and should not be confused with the larger 
amplitude oscillations previously shown. 

In tracking down the cause of horizon-
tal non-linearity, it is important to keep 

in mind the functioning of the horizontal 
system. Aside from adjustments, most of 
the troubles causing horizontal non-
linearity originate either in or preceding 
the horizontal output tube. As always, be 
sure the tubes in the horizontal system 
are all right before pulling the set out. 
Also, check the adjustments to make sure 
no one has tightened up all the loose 
screws. 

Almost any resistor or condenser in 
the horizontal-oscillator or output-tube 
circuit may cause non-linearity if suffi-
ciently defective. Therefore the values 
of such resistors should be checked with 
an ohmmeter. If this does not indicate the 
trouble, the condensers should be checked 
for shorts, opens, or leakage. Be sure 
always to disconnect one side of a con-
denser when checking it. 

An oscilloscope can be of great help 
in localizing trouble. Suppose you are 
checking horizontal linearity on the kine-
scope and find a picture that looks like 
this: 

Fig. 37-35 

Note that the bars are crowded toward 
the left and some width has been lost. 
Analyzing the situation, it would seem 
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that we have lost some drive from the 
6BG6-G. Assuming all tubes to be good, 
we first check the waveshape and its 
amplitude on the grid of the 6BG6-G, be-
ing sure to check amplitude as well as 
sphere. Assume in this case that the 
waveshape is normal. (You can determine 
the normal waveshape by referring to the 
service notes.) Since the grid drive is 
normal, we next check the circuit elements 
of the horizontal output tube ( Fig. 37-22). 
A voltage check, although simple and 
rapid, usually detects only serious faults. 
However, a voltage check should be made 
on all the appropriate pins (except plate) 
of the 6BG6-G to determine if the voltages 
differ radically from the correct ones. 
Assume the voltage readings to be normal. 
We next check the various resistors in 
the output- tube circuit, and find that they 
are all normal. The screen-grid bypass 
condenser ( 163) is also found to be good. 
Finally, we disconnect one side of the 
cathode condenser C162, and find it to be 
open. Replacing this condenser eliminates 
the difficulty. With the cathode condens-
er open, the cathode resistance was un by-
passed. A degenerative voltage was thus 
developed in the cathode circuit which 
reduced the output of the 6BG6-G and 
caused the difficulty. 

Other component faults could cause a 
similar trouble. For example, in Fig. 
37-22 a leaky C161 could give a similar 
trouble indication. However, this would 
have been detected in the waveshape test 
at the 6BG6-G grid. Other component 
changes in these circuits cause various 
types of non-linearity. For instance, an 
increase of R186 causes crowding at the 
right. A decrease in R181 crowds the 
right and left sides and spreads the cen-
ter. A leak in C160 spreads the center 
and crowds the right. These are only 
examples of what may happen in one set. 
Different types of receivers use different 
components and circuits. However, the 
basic procedure for locating trouble is 
always the same: 

1. Study the kinescope picture. 
2. Determine the section causing 

trouble. 
3. Localize the component failure. 

Insufficient Width. -- When a raster 
decreases in width, there are frequently 
other symptoms such as oscillation or 
non- linearity. In such cases the first 
thing to look for is the cause of the oscil-
lation or non- linearity. On the other hand, 
it may be possible for a receiver to lose 
width without any appreciable change in 
linearity. Small decreases in width are 
usually due to weakening of tubes with 
use, and usually can be compensated for 
with the adjustments; however, any radi-
cal change in width is due to a faulty 
tube or component and should be tracked 
down. Do not be misled by temporary low 
line voltage, which may occur in some 
areas at certain times of the day or night 
when peak loads exist. When there is a 
doubt about such a condition, be sure to 
check the line voltage before tearing the 
set apart. A decrease of width is usually 
accompanied by a drop in the high volt-
age. This is to be expected, due to the 
nature of the high-voltage supply, and 
usually should not be interpreted as a 
separate trouble. Some causes of de-
creased width are listed below: 

1. Weak horizontal oscillator or output 
tubes 

2. Increased value of sawtooth charg-
ing resistor ( such as R179 in Fig. 
37-22) 

3. Faulty sawtooth condenser ( such as 
C161 in Fig. 37-22) 

4. Shorted width control 
5. Shorted horizontal yoke coil ( to be 

explained later) 
6. Other faults which also cause no-

Éicea ble horizontal non- linearity, 
(previously described) 

7. Low B plus voltage 
8. Low line voltage 

VERTICAL DEFLECTION TROUBLES 

37-8. The vertical-deflection circuits 
are less likely to cause trouble than the 
horizontal circuits. This is due to the fact 
that in general the vertical circuits: 

a. Operate at a much lower frequency. 
b. Operate at lower power output. 
c. Have much lower peak a-c voltages 

in the output system. 
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d. Do not have elaborate damping sys-
tems or high-voltage supplies. 

e. Use simple potentiometer controls 
for adjustments. 

This does not mean that vertical-de-
flection troubles will never appear, but 
that horizontal-deflection troubles will be 
encountered more often. 

When vertical deflection troubles do 
occur, it is equally important that they be 
found and corrected properly and effici-
ently. This section will assist in doing so. 

As in horizontal- deflection troubles, 
the appearance of the kinescope picture 
is of great help in troubleshooting vertical 
circuits. Generally speaking, vertical 
troubles can be listed in the following 
categories: 

1 Those which cause complete loss of 
vertical deflection. 

2 Those which cause a partial loss of 
h eight, and vertical non- linearity. 

3. Those which cause an increase of 
height, and vertical non-linearity. 

4. Those which cause an excessive 
frequency shift, preventing synchro-
nization. 

In discussing vertical troubles, we 
will consider only one type of vertical 
deflection system, which is used in many 
sets. The only notable exception is the 
vertical system used in some late receiv-
ers such as were described in this lesson. 
However, procedures which apply to one 
system apply in general to the other. A 
schematic of this commonly used vertical 
system is shown here: 
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No Vertical Deflection. -- In the first 
example we will consider, no vertical 
deflection at all is present. In this case 
the kinescope will show only a single 
bright horizontal line, like this: 

Fig. 37-37 

As always, the first step is to check 
the tubes. Failure of either the vertical 
oscillator or output tubes could cause 
this trouble. Check by substituting other 
tubes. This can frequently be done by 
taking tubes from other parts of the re-
ceiver for temporary substitution. Assum-
ing the tubes to be all right, we must look 
further. A voltage check will often reveal 
any radical defect; this should be made 
next. The non-functioning of either tube 
in the vertical circuit could cause a com-
plete loss of vertical deflection. A quick 
check of vertical oscillator operation can 
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be made by measuring the grid bias. If it 
is normal (check against service notes), 
it is safe to assume that the vertical 
oscillator is working satisfactorily; you 
can then concentrate on the output cir-
cuits. A simple check of the vertical 
deflection amplifier can be made by touch-
ing the grid of the tube with a screw 
driver or by inserting a 60-cycle signal 
from the filament supply. Watch for an 
increase in vertical deflection. If it ap-
pears, the vertical amplifier is probably 
all right, and the trouble precedes it. 

However, as was said before, voltage 
checks are not always reliable, and the 
oscilloscope should be used if the trouble 
cannot be found immediately. The first 
waveshape to check is the one at the 
grid of the vertical output tube. Be sure 
to check amplitude as well as waveshape. 
If this is all right, the trouble must lie in 
the output tube circuit. If the waves hape 
is not normal, the components preceding 
this point must be checked. Be on the 
lookout for a leaky or open C145 ( Fig. 
37-36) or an open C150. Either of these 
could cause a complete loss of vertical 
deflection. However, in the case of R156, 
which goes to B plus, an open or increased 
value could kill the whole vertical deflec-
tion system. This would be easy to find 
by voltage and resistance measurements. 

An open winding in either vertical 
transformer, while unlikely, could also 
cause complete loss of vertical deflec-
tion. Again, this is easily found by volt-
age and resistance measurements. In 
most cases component failures which 
cause complete loss of vertical deflection 
are found without too much difficulty by 
simple voltage and resistance readings, 
but possibilities such as a leaky C145, 
which may not be easy to detect, should 
not be overlooked. 

Another possibility in the case of no 
vertical deflection would be an open C149 
or an open R163. The latter, however, is 
not likely. 

Loss of Height and Hon- Linearity. --
In many instances, a loss of height is 
accompanied by a change of vertical 
linearity, and vice versa. Therefore, 
these are treated together in this lesson. 

A check of vertical linearity can be 
made without a test pattern in the same 
way as horizontal linearity was checked. 
It is only necessary to reduce the fre-
quency of the generator to about 600 cy-
cles, thus obtaining about 10 horizontal 
bars as shown here: 

Fig. 37-38 

In this photograph the receiver is oper-
ating normally, with good vertical linearity 
and proper height. The accompanying 
oscillogram shows yoke current. This was 
obtained by inserting a small resistor 
(10 ohms) in series with the vertical yoke 
and connecting the oscilloscope across 
the resistor. 

Suppose there is trouble in the vertical 
deflection system, and the kinescope 
raster looks like Fig. 37-39. 
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Fig. 37-39 

Note the thin lines at the top, the 
blank space, and the bottom lines which 
appear to be almost normal. The accom-
panying oscillogram of yoke current shows 
excessive peaking at the bottom of the 
waveshape (top of raster), followed by a 
steep vertical portion ( blank space on 
kinescope), followed by a fairly linear 
sawtooth current, which accounts for the 
almost normal bottom portion of the kine-
scope. We may recall that peaking in this 
circuit is produced by R164 (Fig. 37-36), 
so it is possible that excessive peaking 
may be the result of an increase in the 
value of R164. Checking this resistor, 
we find that it has a value of about 50,000 
ohms, as compared to its original value 
of 8,200 ohms. This is the cause of the 
trouble; replacing the resistor eliminates 

it. It is doubtful that other faulty compo-
nents could cause this peculiar effect; 
thus when it appears, R164 ( or its equi-
valent)should be checked before anything 
else, except, of course, the tubes. 

Fig. 37-40 illustrates another case 
where the vertical linearity is very poor. 
However, in this case the height is not 
particularly affected. 

Fig. 37-40 

The kinescope picture shows the top 
stretched and the bottom badly crowded. 
The accompanying oscillogram was taken 
at the grid (pin 5) of the vertical-output 
tube. The negative peak is approximately 
normal, but note the flattening off of the 
sawtooth portion at the top of the wave. 
This is due to grid current limiting. 
Therefore, it may be assumed that some-
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thing is causing excessive grid current to 
be drawn from the vertical- sweep-output 
tube. The most logical assumption in 
such a case is that the coupling condens-
er ( C149) has become leaky, causing a 
more positive voltage to be applied to the 
grid of the output tube. A check of the 
grid voltage shows it to be more positive 
(less negative) than normal, and this is 
found to be caused by a leaky C149. Note: 
An oscillogram showing a flattened saw-
tooth might also be obtained if we had a 
decreased value of charging resistor, 
such as R154 or R155. But this would 
result in a considerable increase of height 
(not present in this case) due to exces-
sive charging of C150. This would remove 
C149 as the source of the trouble. 

A leaky C150 produces a kinescope 
picture and oscillogram similar to those 
produced by a leaky C149, but of greatly 

reduced amplitude. The photographs of 
kinescope raster and grid waveshape 
(6K6) are shown in Fig. 37-41. 

The greatly reduced amplitude indi-
cates that this condition probably is not 
caused by a leaky coupling condenser. 
Also notice in comparing the two oscillo-
grams that with a leaky C150 we do not 
find the severe flattening effect so no-
ticeable when grid limiting, due to a 
leaky C149, occurs. 

Let us look now at R165 in Fig. 37-36. 
This is a series plate resistor ( 1,000 
ohms) which is part of a decoupling filter 
consisting of R165 and C148. If this 
resistor increases in value, a reduced 
plate voltage, and therefore reduced out-
put from the 6K6, is produced. These 
photographs (Fig. 37-42) were taken with 
R165 increased to about 100,000 ohms. 

Fig. 37-41 Fig. 37-42 
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The oscillogram is of yoke current, 
taken as previously described. Note the 
decreased height of the kinescope raster 
and the non- linearity, with the bars wid-
est on top and crowding toward the bottom. 
The oscillogram shows a reduced saw-
tooth current which flattens at the top. It 
is the flattening that produces the crowd-
ing at the bottom of the kinescope raster. 
Remember that the bottom of the yoke-
current sawtooth always corresponds to the 
top of the kinescope raster. 

Increased Height and Hon-Linearity. --
Some faults in the vertical deflection 
system may cause increased height with 
accompanying non-linearity. Relatively 
few faults can cause this to happen, 
which makes them easy to track down. 
For example, the photographs of Figure 
37-43 were taken with a fault producing 
increased height and non- linearity. 

Due to the increased height, not all of 
the bars appear on the kinescope. Note 
the crowding of the bars toward the bot-
tom caused by the curvature of the yoke 
current. Since height has been increased, 
we might assume that the sawtooth con-
denser (C150) is charging up too high. 
This is a definite possibility. We will as-
sume, however, that checking this circuit 
reveals no defects, and that the wave-
shape on the grid of the vertical-output 
tube is normal in shape and amplitude. 

Since the input wave to the output tube 
is normal, the increased height must be 
due to decreased bias. A lower bias 
would shift the input wave higher on the 
tube characteristic, where the transcon-
ductance is greater, and thus produce a 
greater ( but non-linear) output. A low 
bias could be caused by a short or re-
duced value of R161 or R162 (Fig. 37-36). 
This can be quickly checked with an ohm-
meter. Assume that these are all right. 
This leaves only the cathode by-pass 
condenser C147B and in checking this 
(after disconnecting one side) it is found 
to be shorted, thus removing the cathode 
bias. Replacing this condenser elimi-
nates the difficulty. 

In general, increased height may be 
caused by: 

1. Excessive charging of the sawtooth 
condenser, or 

37-31 

Fig. 37-43 

2. Decreased bias on the vertical- out-
put tube. 

It is possible in some cases to bring 
a raster back to almost normal by read-
justing the height and linearity controls. 
For small changes in height and linearity 
this is perfectly proper. However, if a 
radical change occurs in a short time, it 
usually indicates that a fault has devel-
oped. Under such circumstances, elimi-
nating the fault with the controls merely 
postpones trouble, at best. The fault 
still exists, and probably will reappear 
in a more aggravated form. It is therefore 
wiser to track down the fault and repair 
the set properly. 

Loss of Synchronization. -- In some 
cases, it becomes impossible to sync in 
the vertical oscillator. Neglecting diffi-
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culties in the sync circuits, which have 
been covered in a previous lesson, and 
assuming that the tubes are not defective, 
relatively few components can cause this 
trouble. ( We are assuming that height is 
normal.) Inability to sync in the vertical 
oscillator usually results from not being 
able to approach sync frequency with the 
the range of the hold control. The hold 
control ( R158 in Fig. 37-36) might be de-
fective, and should be checked to make 
sure that its value has not changed and 
that the resistance varies smoothly when 
the shaft is turned. If the control is not 
at fault, we must check the other compo-
nents affecting the time constant of the 
grid circuit of the vertical oscillator. In 
Fig. 37-36 C144, C145, R157, or R160, 
if faulty, could cause an excessive fre-
quency change resulting in loss of syn-
chronization. 

In the type of vertical system illus-
trated in Fig. 37-4, loss of synchroniza-
tion is sometimes due to the character-
istics of the output transformer, T106. In 
such cases replacing this transformer will 
eliminate the trouble. The old transformer 
need not be thrown away, as it may work 
satisfactorily in another chassis. The R 
and C components likely to cause loss 
of synchronization in this chassis are: 
C139, C140, R200, R148, R149, and R151. 
Troubles in this circuit similar to those 
discussed previously may be encountered 
and may in general be traced down by the 
same methods and reasoning used before. 

YOKE TROUBLES 

37-9. Horizontal Yoke Troubles.--
Yoke troubles are usually easy to find, 
due to the severe effect they produce on 
the raster. For example, consider Fig. 
37-44. This condition occurs when there 
is a short circuit across one of the two 
hori7ontal deflection coils (for diagram 
see Fig. 37-25 or other horizontal cir-
cuit). Notice the trapezoidal ( keystone) 
shaped raster and the reduction of width. 
If the other coil were shorted, the trape-
zoid would be upside down; narrow at the 
bottom and wide at the top. 

Fig. 37-44 

In Fig. 37-25 C155 is shown across one 
of the horizontal deflection coils. This is 
a 56-micromicrofarad condenser, connected 
to reduce oscillation of the yoke. If the 
condenser becomes defective, or has the 
wrong value, extreme horizontal oscilla-
tion may occur. This is not a fault of the 
damping or driving circuits previously dis-
cussed. In such a case the kinescope pic-
ture may look something like this: 

Fig. 37-45 

Notice the bright vertical bars caused 
by oscillation of the beam. This particu-
lar type of oscillation is so characteristic 
of yoke trouble that there should be little 
chance of confusing it with other types. 
In any event, replacing C155 will immedi-
ately cure it and eliminate the other cir-
cuit as the source of trouble. 
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Arcing. — Arcing may occur inside the 
yoke cover, usually between leads con-
necting to the vertical and horizontal 
coils. This type of trouble may occur more 
frequently in later sets using the high-
impedance yokes ( Fig. 37-22). Due to the 
increased impedance of the high-impedance 
yoke, a higher voltage kick is developed 
across it, with a greater tendency toward 
arcing. This difficulty, if not a dead 
short, shows up in the raster as reduced 
or erratic changes of width, with varia-
tions of brightness. The arcing can often 
be heard near the yoke, although care 
must be taken in approaching the high 
voltage. In receivers having plug-in type 
yokes, you can take the yoke off the 
kinescope, plug it back in and look inside 
it with the set turned on. If it is arcing 
between the connecting leads, it is usual-
ly a simple matter to dress the leads far 
enough apart to stop the arcing. Arcing 
may also be due to a breakdown of the in-
sulation between the horizontal and verti-
cal yoke coils. In such a case, replace-
of the yoke is usually necessary. If the 
arcing is not too severe, it may be possi-
ble to repair the yoke by installing new 
insulation. A complete short between hor-
izontal and vertical coils probably will 
result in a partial or complete loss of 
width and high voltage. 

Due to high kick- back voltage of the 
high impedance yokes, another type of 
arcing may appear outside the yoke. This 
arcing occurs between the filament wind-
ing of the damper tube and the case of the 
low- voltage transformer. Examination of 
Fig. 37-25 will show how this is possible. 
Note that the filament winding ties into 
the "hot" side of the horizontal yoke 
coils through the cathode connection. 
This means that the high voltage kick of 
the yoke is passed directly to the filament 
winding. If sharp points exist at the inter-
nal connections to the filament winding, 
the high-voltage kick will arc through the 
transformer-case insulation to the metal 
case. This does not destroy the trans-
former or filament winding. Repairs can 
be made by removing the outer shell of 
the transformer, rounding off the sharp 
connection points to the filament winding 
with solder, and applying new case insu-
lation. The transformer will be better than 

new, because the rounded connections 
will prevent future arcing. 

Vertical Yoke Troubles. — As in the 
vertical-deflection circuits, fewer vertical 
than horizontal yoke troubles may be ex-
pected. This is due to the lower power 
and voltage present in the vertical yoke. 
A short circuit across one of the vertical 
deflection coils produces a trapezoidal 
raster, which looks like this: 

Fig. 37-46 

If the other coil were shorted, the trap-
ezoid would be reversed, with the narrow 
portion at the left. 

An open vertical deflection coil pro-
duces a raster of small height which looks 
like this: 

11111111111 
Fig. 37-47 
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Notice the oscillation due to lack of 
sufficient vertical damping. This raster 
has a trapezoidal shape and is wide at 
the right side. In general, when the raster 
assumes a trapezoidal shape, it is usually 
caused by a short or open circuit in the 
deflection coils. 

Vertical Oscillations. — Cases of oscil-
lations producing deflection in the verti-
cal direction are rare. If they are present 
(with .normal raster), they are usually due 
to an open or increased value of damping 
resistor across each of the vertical de-
flection coils. These resistors are R166 
and R167 in Fig. 37.-36. Because of the 
low shunting resistance of the coils, one 
side of the resistors must be disconnected 
before they can be measured with an ohm-
meter. 

Summary. — Throughout this section, 
, we have tried to emphasize several steps 

necessary for efficient troubleshooting. 
Briefly, these are: 

1. Understand thoroughly the function-
ing of the circuit. 

2. Examine the kinescope raster care-
fully. 

3. Disregard the soldering iron and 
parts box for a few minutes, and try 
to reason out the situation. 

4. Decide in which section of the re-
ceiver the trouble probably is lo-
cated. 

5. Change the tubes in that section. 
If this does not eliminate the trouble, 

6. Check the voltages, resistors, and 
condensers, using the oscilloscope 
to help isolate the defective local 
circuit. 

7. Change the defective part. 
You need not follow this procedure ex-

actly, for every case of trouble in the de-
flection circuits. However, it represents a 
method of troubleshooting with a definite 
procedure and as such can be of value. 
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PART I — THE KINESCOPE 

STRUCTURE OF THE KINESCOPE 

38-1. The function of the kinescope is 
to convert the electric signals applied to 
its electrodes into the picture the viewer 
sees. The kinescope is made up of three 
main parts: the electron gun, the fluores-
cent screen, and the tube envelope. In 
this respect it is like other cathode-ray 
tubes, such as those used in oscilloscopes. 
Special characteristics, however, make it 
more suitable for picture reproduction. 

The Plectron Gun. — The purpose of 
the electron gun is to provide a fine beam 
of electrons and to accelerate this beam 
toward the fluorescent screen with enough 
energy so that the screen will emit light 
when the electrons strike it. The gun 
usually consists of a cathode which sup-
plies the electrons for the beam, a control 
grid which modulates the electron beam 
with the picture signal, and two anodes 
which accelerate the electrons toward the 
screen. Electron guns vary in structure, 
but all operate on the same principle. 

The cathode used in the kinescope is 
of the indirectly heated type. It consists 
of a spiral heater element, usually of pure 
tungsten wire, surrounded by the cylindri-
cal cathode. Figure 38-1 shows a typical 
cathode. The cylinder is made of pure 
nickel. One end of it is coated with 
strontium and barium oxide. The heater 
wire, although insulated electrically from 
the nickel cylinder, makes good thermal 
contact with it, so that when the heater 
current passes through the tungsten fila-
ment, the heat developed is easily trans-

,,nickel cylinder 
),_oxide coated 

cap 

heater wires 

Fig. 38-1 

heater wires 

ferred to the nickel cathode. The oxide 
coating on the end cap, when heated, pro-
vides a good supply of electrons. 

The Grid. — Surrounding the cathode, 
and having the same center axis, is 
another, larger cylinder. This element, 
shown in Fig. 38-2, is the control grid — 
sometimes called grid number 1 or the 
modulating grid. It controls the direction 
in which electrons are emitted from the 
cathode and modulates the intensity of 
the electron beam. 

The small aperture in the closed end 
of the grid carries out the first function. 
The grid itself is kept at a negative volt-
age with respect to the cathode, to repel 
the electrons emitted from the cathode. 
The aperture, however, is large enough 
that the electrons are attracted by a rela-
tively high positive voltage on the accel-

erating electrodes. These elements are so 
constructed that when correct operating 
voltages are applied, the electrons leave 
the cathode, pass through the aperture, 
and converge at a point outside the grid. 
This is called the crossover point ( Fig. 
38-2). It plays an important part in the 

focusing operation. 

ji/grid 
crossover 
/ point 

cathode 

Fig. 38-2 

The second function of the grid, modu-
lation of the electron beam, is accom-
plished by the voltages applied between 
grid and cathode. In TV receiver circuits, 
the grid is kept negative with respect to 
the cathode. The more negative the grid 
voltage, the fewer the electrons that can 
pass through the grid aperture. In ' most 
picture tubes, the electron beam is cut off 
entirely if the grid goes more than 45 to 
55 volts negative. Since the number of 
electrons that strike the fluorescent 
screen is one of the factors that deter-
mines how bright the spot on the screen 
will be, the amount of this bias voltage 
between grid and cathode determines the 
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average brightness of the picture. The 
brightness control on most receivers is 
simply a potentiometer which varies this 
bias. 

Kinescope data sheets usually give 
the grid voltage value as that voltage on 
the control grid which gives " visual ex-
tinction of an undeflected focused spot." 

This is the voltage on the grid which 
causes the light emitted at the fluofescent 
screen to cease to be visible. It is the 
cut-off bias for the kinescope. Usually a 
range of voltages is given, representing 
the range of control grid voltages over 
which the tube will operate properly. For 
the 16GP4, for example, -33 volts is the 
lowest control grid voltage, and -77 
volts the highest, for proper operation. 

The undeflected spot, although mean-
ingless so far as an operating television 
receiver is concerned, serves as a con-
venient reference for specifying the bias 
voltage. The cut-off voltage for a normal-
ly deflected spot is somewhat less. 

Two typical bias circuits are shown in 
Fig. 38-3. In circuit a, both grid ad 
cathode circuits are connected to the 
B-plus supply of the video output ampli-
fier. Because the output amplifier current 
flows through R1 and R2, there is a volt-
age drop across these resistors which 
makes the voltage on the grid lower than 
that on the cathode. The potentiometer 
serves as brightness control. In circuit b, 
both the grid and cathode circuits are 
connected to the - 100 volt supply. In this 
case there are no voltage drops in the 
grid circuit, but the voltage drop in the 
brightness control due to the kinescope 
current keeps the cathode positive with 
respect to the grid. There are many varia-
tions of these bias circuits, and nearly 
every receiver circuit is somewhat differ-
ent, but all are the same in principle. 

The video signal is also applied be-
tween grid and cathode of the kinescope. 
This signal contains the picture informa-
tion. When it modulates the electron beam, 
it causes the dark parts of the picture to 
appear dark on the fluorescent screen by 
cutting down on the beam intensity, and 
the light parts to appear light by making 
the beam more intense. When the ampli-
tude of the video signal is increased, the 

vibe° 
output 

video 
output 

(o) Bias circuit 

brightness 
control 

(b) Bias circuit 

Fig. 38-3 

brightness 
control 

-100v 

grid swings more negative (that is, closer 
to cutoff) during the dark parts of the pic-
ture, and more positive during the light 
parts of the picture. This control of the 
video signal amplitude applied between 
grid and cathode of the kinescope is the 
contrast control. 

First Anode. — The purpose of the 
accelerating anodes is to speed up the 
the electrons on their way to the fluores-
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cent screen. Figure 38-4 is a diagram of 
an electron gun having two anodes, called 
the first and second anodes. These are 
cylindrical, and on the same axis as the 
cathode and grid. The first anode is 
closer to the grid and of abbut the same 
diameter. It has an aperture, as the dia-
gram indicates, and is usually maintained 
at 250 to 300 volts positive. This positive 
voltage attracts the electrons emitted by 
the cathode and gives them a high veloci-
ty. Many of the electrons strike the first 
anode and never go beyond, but large 
numbers reach a speed high enough to 
carry them through the aperture and on to 
the screen. The purpose of the aperture 
in the anode is to help provide a very 
fine beam of electrons. 

cathode grid 
first ) second,' 
anode anode 

Fig. 38-4 

Second Anode. — In older 7- and 10-
inch kinescopes and in most cathode-ray 
oscilloscope tubes, the second anode is 
simply a larger cylinder, following the 
first anode and at a higher voltage, usual-
ly from 7 to 10 kilovolts. Modern glass 
kinescopes have, in addition to this large 
cylinder, a conductive coating on the 
inside of the envelope. This coating, 
called Aquadag, is electrically connected 
to the larger cylinder and is part of the 
second anode. In metal kinescopes, the 
metal part of the envelope serves in the 
same way. The second anode accelerates 
the electrons still more on their way to-
ward the screen. 

Typical second anode voltages for 10-
and 12-inch kinescopes are from 9 to 11 
kilovolts. In larger picture tubes, the 
second anode is maintained at from 12 to 
14 kilovolts. Caution: the metal shell of 
metal kinescopes is at the second anode 
potentià1. This voltage can be fatal. 

Glass tubes usually have an outer con-
ductive coating also. The inner and outer 
coatings, with the glass shell separating 

them, form an excellent capacitor. If the 
outer coating is connected to ground, this 
capacitor serves to filter the high- voltage 
supply. 

Figure 38-5 shows a complete electron 
gun as used in modern kinescopes. 
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PRINCIPLES OF DEFLECTION 

38-2. The electron beam formed by the 
gun must be deflected in both the horizon-
tal and vertical directions to form the 
raster on the screen. There are two meth-
ods of producing deflection; electromag-
netic and electrostatic, although in modern 
television receivers the electromagnetic 
method is used almost exclusively. Some 
of the older 7- and 10-inch kinescopes 
use the electrostatic method. 

Electromagnetic Deflection.— Electro-
magnetic deflection is. based on the fact 
that an electric current passing through a 
magnetic field has a force exerted on it 
that is at right angles both to the direc-
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tion of the current and to the magnetic 
lines of force. This principle is illustrated 
by the diagram of Fig. 38-6, which resem-
bles a simplified electric motor or a 
simple meter movement. Between the two 
magnets is a magnetic field of force, with 
lines of force leaving the north pole and 
entering the south pole. In this field is a 
small coil between the poles in the dia-
gram, which is free to rotate. If a current 
is passed through the coil, the coil is 
rotated by the resulting force. 

F ig. 38-6 

The electron beam to be deflected is 
an electric current, and it has an advan-
tage in that it requires no wire conductor 
The electrons themselves have practically 
no mass; thus it is easy to deflect the 
beam back and forth inside the kinescope 
at the very rapid rate required ( 15,750 
times a second for horizontal deflection). 

Electromagnetic deflection. in a kine-
scope is produced by two magnetic fields, 
one for vertical deflection and the other 
for horizontal. Figure 38-7 shows how 
vertical deflection is produced. The coils 
on either side of the tube neck are in a 
horizontal plane. When current passes 
through them, a magnetic field is set up 
which passes through the neck of the tube 
and directly across the path of the elec-
tron beam. The beam is deflected in the 
vertical direction as it passes through 
the magnetic field. If the current through 
the deflection coil varies with a sawtooth 
waveshape, the magnetic field varies 
with the same waveshape, and the elec-

Fig. 38-7 

screen 

--.—vertical deflection 
coil 

deflection 
current 

tron beam is deflected in the sawtooth 
manner needed to produce the caste'. 

Horizontal deflection is produced in 
the same way, except that the horizontal 
coils are placed on the top and bottom of 
the tube neck, and the deflection rate is 
different. In television receivers using 
magnetic deflection, the vertical and hori-
zontal coils are mounted together in a 
single housing called the deflection yoke. 
A typical deflection yoke is shown in 
Fig. 38-8. It is doughnut- shaped and 
slides over the neck of the tube as shown 
in Fig. 38-9. Most deflection yokes fit 
tightly against the conical part of the 
tube envelope; rubber cushions help keep 
them in place and prevent the tube from 
being scratched. 

F ig. 38-8 

Deflection Angle. — The amount of 
deflection necessary to produce a raster 
that will fill the face of the tube is a 
characteristic of the kinescope itself, 
and depends on the length of the tube 
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cone and the diameter of the face. All 
electromagnetic deflection tubes are given 
a rating called the deflection angle. This 
is the total angle through which the beam 
sweeps as it is deflected from one edge 
of the screen to the opposite edge; in 
other words, the maximurn deflection 
angle. This is illustrated in Fig. 38-9. 

deflection 
yoke 

Fig. 38-9 

deflection 
angle 

Most 12- to 20-inch kinescopes have 
deflection angles of from 55 to 65 degrees, 
and some of the larger tubes have angles 
of 70 degrees. The 30BP4, a 30-inch tube, 
has a deflection angle of 90 degrees. 

The amount of deflection provided by 
the yoke depends on two factors: the 
amount of deflection current in the coil, 
and the voltage on the second anode. The 
strength of the deflecting field is propor-
tional to the amount of deflecting current, 
so that to get a full raster ample curreni 
must be supplied to the yoke. The second 
anode voltage affects the amount of de-
flection because it determines the speed 
with which the electrons pass through the 
deflecting field. If the second anode volt-
age is high, the electrons pass through 
the field faster and have less time to be 
deflected, and the raster is smaller. If the 
second anode voltage is low, the elec-
trons spend more time in the deflecting 
field, are deflected more, and the raster 
is larger. If the raster on a receiver be-
comes too large, one of the causes may 
be a defect in the high-voltage supply. 

Electrostatic Deflection. — Electro-
static deflection is based on the fact that 
a charged particle in an electrostatic 
field has a force exerted on it proportional 
to the magnitude of the field. In cathode-
ray tubes using electrostatic deflection, 
the electron beam passes between two 
parallel plates charged with opposite 
polarity, as shown in Fig. 38-10. 

beam 

F ig. 38-10 

The electrons, as they pass between 
the plates, are attracted to the positive 
plate and deflected from their original 
course. To obtain the sawtooth deflection 
needed to produce a raster, it is only 
necessary to vary the charge on the de-
flection plates with a sawtooth waveform. 
Kinescopes have two pair of plates, one 
pair for vertical deflection, the other for 
horizontal. These plates, as shown in 
Figure 38-11, usually have flared ends, 
so that there is less chance of the elec-
tron beam hitting the ends of the plate if 
the deflection voltage is too high. 

tube 
neck 

1st anode 2nd anode deflection 
plates 

Fig. 38-11 

Electrostatic-deflection tubes are 
given a rating called the deflection factor, 
which corresponds to the deflection angle 
of electromagnetic deflection tubes. This 
factor, in volts per inch, tells how many 
volts are required on the deflection plates 
to move the electron beam one inch from 
the center of the screen. 

It is apparent that the main difference 
between electromagnetic and electrostatic 
deflection is that the first depends on a 
deflection current through a yoke, while 
the second depends on a deflection volt-
age applied to the plates. Electromagnetic 
deflection is favored for kinescopes for 
several reasons. Perhaps the most im-
portant is that the deflection voltage 
would have to be extremely high in larger 
kinescopes — of the order of several 
thousand volts. It is much easier to sup-
ply a high deflection current. Another 
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reason is that the gun structure of elec-
tromagnetic-deflection tubes is simpler 
because the deflection plates, which 
must be accurately aligned, are eliminat-
ed. A third reason is that both horizontal-
and vertical-deflection coils can be 
placed around the neck of the tube at the 
same place, close to the flare of the tube, 
which makes possible shorter tubes. 

FOCUSING 

38-3. Another important process that 
takes place in the kinescope is focusing 

of the electron beam. The beam, as has 
been said, is made of electrons. Because 
these electrons are not confined to a wire 
conductor, and because they all have a 

like charge, they tend to repel each other. 
Therefore, the beam would spread out 
like a spray before reaching the screen if 
some means for keeping it together were 

not provided. The spot of light on the 
screen caused by the striking electrons 
must be at least as small as the finest 
detail to be shown in the picture. The 
term " in focus" simply means that the 
spot is made small enough that all parts 
of the picture are as sharp in detail as 
possible. 

As with deflection, focusing can be 
accomplished either by electrostatic or 
by electromagnetic means. The earliest 
kinescopes used electrostatic focusing. 
As tube sizes increased, it became more 
convenient to use magnetic focusing, but 
early in 1951 gun design was improved so 

that electrostatic focusing could be used 
with larger tubes, thus saving appreciable 

amounts of copper and magnetic material 
by eliminating focusing coils. 

Magnetic Focusing. — Like magnetic 
deflection, magnetic focusing depends on 
the fact that an electron has a force exert-

ed on it when it crosses magnetic lines 
of force. If the electron moves parallel to 
the lines of force, as shown in Fig. 38-12, 

no force is exerted on it and it continues 
in a straight line. If it strays from this 
straight-line motion, the magnetic field 
exerts a force on it that is at right angles 
both to the direction in which the electron 
is moving and at right angles to the line 

of force. The result is that it continues 
in a spiral path until it is no longer in the 
magnetic field. 

electron 

Fig. 38-12 

magnetic 
field 

Figure 38-13 shows two electrons leav-
ing the same point but going in different 
directions. The spiral motion caused by 
the magnetic field twists them around so 
that they will cross paths again at a point 
further along the line, as indicated by the 
dashed lines. They will continue to do 
this as long as they are under the influ-
ence of the magnetic field. 

Now we can see the importance of the 
crossover point mentioned in Section 38-1. 
All the electrons leaving the grid con-
verge on a small point outside the grid. 
Although they spread out again immediate-
ly, we can make them converge again far-
ther along the line by causing them to 
pass through a suitable magnetic field pa-
rallel to the desired direction of the beam. 

electrons 

path of electrons 

Fig. 38-13 

Actually, it is not necessary to pro-
vide a magnetic field extending the entire 
length of the tube. The focusing magnet, 
which fits over the neck of the tube be-

hind the deflection yoke, is rather short, 
as shown in Fig. 38-14. With the proper 
strength of field, the erring electrons are 
given just enough twisting motion to make 
them meet again as they strike the screen. 

PM Focus Magnets. — The simplest 
method of providing a focusing field is 
with permanenrmagnets. Permanent mag-
nets are arranged about an iron core which 
can be moved to provide the focusing 
adjustment. 
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Fig. 38-14 

In earlier television receivers an electro-
magnetic coil was used for focusing but 
most kinescopes today with magnetic fo-
cusing use a permanent magnet. With a 
PM focus magnet a mechanical centering 
ring is used to center the picture. 

Figure 38-15 illustrates a commonly-
used permanent-magnet focusing ring. In 
the center is a thin sleeve of non-magnet-
ic metal which fits over the neck of the 
kinescope. This sleeve is stationary, but 
it supports a larger iron sleeve about an 
inch long which moves back and forth 
along the axis of the kinescope neck as 
the focus adjustment is turned. Two metal 
flanges outside the iron ring support three 
pieces of alnico which provide the mag-
netic field. The entire assembly usually 
is fastened to the deflection yoke case 
and is separated about a half-inch from it 
by spacers. 

F 1g• 38-15 

The three pieces of alnico alone would 
not provide a magnetic field sufficiently 
uniform for good focusing. However, the 
iron sleeve, which is symmetrical about 
the tube's axis, controls the distribution 
of magnetic flux to provide a uniform field 
inside the tube neck. By moving the 
sleeve forward or backward, the entire 
field inside the tube neck can be moved 
to provide the focusing action. 

This type of focusing is popular in TV 
receivers using magnetic focusing be-
cause the adjustment is simple and be-
cause no focusing currents must be 
supplied. The movement of the iron sleeve 
gives a wide range of adjustment, and if 
this is not enough for best focusing, the 
entire assembly can be moved closer to 
or farther from the deflection yoke by 
adjustment of the spacer bolts. This 
gives a rough focusing adjustment, and 
allows a fine adjustment to be made with-
in a suitable range. 

Some receivers use a combination of 
electromagnetic and permanent-magnet 
focusing. In this case the focusing ring 
consists of a permanent magnet inside 
which a coil is wound. The permanent 
magnet supplies the bulk of the magnetic 
field, and the coil current can be varied 
to provide focusing adjustment. The focus-
ing current required by such coils is 
usually from 30 to 40 milliamperes. These 
combination coils have not proved popu-
lar because they are more expensive to 
construct than permanent- magnet rings, 
and because in many cases the permanent 
magnet loses so much of its magnetism 
that the coil current cannot sufficiently 
control the focus. This is avoided in per-
manent magnet rings by aging the magnets 
properly before they are installed. 

Focus Coils. — All-electromagnetic 
focusing has also been used in many 
receivers. In such cases the focusing 
coil consists of a coil of wire surrounded 
by .an iron casing. The casing has an air 
gap, as illustrated in Fig. 38-16. The 
focusing curient required is usually from 
115 to 120 milliamperes; focus is adjust-
ed simply by varying the current through 
the coil. This type of focus coil is not 
popular because of the relatively high 
direct current needed. 
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Electrostatic Focus ing. — Many older 
types of kinescopes, especially the 7- to 
10-inch sizes, use an electrostatic field 
to accomplish focusing. Focusing action 
depends on the configuration of the elec-
trostatic field that is set up between the 
first and second anodes, as indicated in 
Fig. 38-17. In this diagram, the dotted 
lines represent lines of equal electrostatic 
field strength. That is, if an electron is 
at any point on one of these lines, the 
same electrostatic force is exerted on it. 

base ion trap centering 
magnet magnet 

grid no. 5 

cathode first anode 
grid no.2 

grid no.1 second anode 
grid no.3 

crossover 
point first anode 

Fig. 38-17 

beam 

second anode 

Electrons in the beam must pass through 
these lines, and, because of the electro-

static forces, their path is bent toward 
the inner axis of the tube. Thus, if we 
shape the lines properly, by making the 
two anodes of the right size and shape 
and by applying the right voltages to 
them, we get the desired focusing action. 
The focusing control on sets using this 
type of tube is simply a potentiometer 
which controls the voltage on one of the 
anodes. 

Many new, large-screen kinescopes are 
now using electrostatic focus, but in 
these the focusing action is somewhat 
different, involving a special focusing 
electrode. Figlire 38-18 shows the gun 
structure and location of the focusing 

deflection 
yoke 

focusing electrode 
grid no.4 

conductive 
coating 

Fig. 38-18 
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grid in this type of tube. Grids numbered 
3 and 5 are elec.trically connected to-
gether and form a second anode similar 
to the second anodes already described. 
The first anode, marked grid num ber 2, 
and the rest of the gun structure, are also 
like those previously discussed. 

Grid number 4, the focusing electrode, 
is the only new element in tfiis gun struc-
ture. When a suitable voltage is applied 
to it, focusing action takes place in much 
the same way as in the older electrostat-
ic- focus tubes. 

The focusing action depends on the 
amount of voltage applied to the focusing 
electrode, and on the design of the gun. 
Some electrostatic-focus tubes require 
about 20 percent of the second- anode 
voltage on the focusing grid. This amounts 
to from 2,000 to 2,500 volts,depending on 
the tube type. Figure 38-19 shows three 
methods of obtaining a suitable focusing 
voltage.Circuit a shows a bleeder across 
the high-voltage supply to tap off the fo-
cusing voltage. 
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Circuit b in Fig. 38-19 uses a separate 
rectifier tube which rectifies the high 
positive pulses on the plate of the hori-
zontal output amplifier. This makes the 
voltage divider much simpler, and varia-
tions in brightness have practically no 
effect on the focusing voltage. This cir-
cuit does not cause a drop in the second 
anode voltage. 

Circuit c is similar to b, but has the 
added advantage that the focusing voltage 
is controlled by a trimmer capacitor which 
is at a low voltage. This eliminates spe-
cial insulated mountings and shafts, 
which are required by the potentiometer 
of circuit b. 

The main advantage of electrostatic-
focus kinescopes is that substantial 
amounts of copper or permanent-magnet 
materials are saved. 

Some electrostatic-focus kinescopes 
now being made use only a few hundred 
volts on the focusing electrode, usually 
from 200 to 400 volts. These are called 
low- voltage focus tubes and are like those 
just described except for slight differ-
ences in the gun structure. 

Figure 38-20 is a circuit diagram show-
ing how the focus voltage may be ob-
tained. In this case, the boosted plate 
voltage, available at the cathode of the 
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damper tube, is applied to the focusing 
electrode through a 7.5-megohm potentio-
meter which serves as focus control. This 
circuit shows only one of many possibili-
ties; any point in the circuit with suitable 
voltage would be satisfactory since the 
focusing electrode draws no current and 
does not load the circuit. 

Self-focusing tubes are also available. 
They require neither a focusing magnet 

nor a focusing voltage, and have no ex-
ternal connection to the focusing elec-
trode. The electron- gun construction of 
these tubes is like that of the other elec-
tro-static-focus tubes, and they do have 
a focusing electrode. However, the focus 
voltage is obtained by an internal connec-
tion through a high resistance between 
the focusing electrode and the second 
anode. Focusing is completely automatic. 

Defocusing Problems. — When the focus 
in a kinescope is adjusted, the electron 

beam is in exactly the correct focus at 
only one point. This presents a problem,, 
because the distance that the beam trav-
els from the focusing field to the screen 
is not the same at all po in ts of the 
screen. This is shown in Fig. 38-21, in 
which the beam is shown to be in focus 
at the center of the screen. As the beam 
is deflected from the center, the in- focus 
point of the beam would follow along the 
dashed line of the figure, which is the arc 
of a circle whose center is approximately 
in the center of the focusing field. The 
face of the tube, however, does not curve 
as much as this arc, and the beam is not 
exactly in focus when it hits the screen 
at points other than the center. This de-
focusing is most noticeable at the edges 
of the screen; the effect is called edge 

defocus. The problem is the same for all 
types of tubes, but it is not annoying to 

arc of circle of 
true focus 

Fig. 38-zo Fig. 38-21 
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the viewer if the second anode voltage is 
at the right value and the focusing field 
is adjusted correctly. 

In magnetic- focus tubes, defocusing 
occurs if the second anode voltage drops 
below its normal value, reducing the 
speed of the electrons as they pass 
through the focusing field. In the high-
voltage electrostatic- focus kinescopes, 
this does not usually occur, because the 
focusing voltage and the second anode 
voltage, both of which are rectified from 
the horizontal output tube, will drop by 
proportional amounts. Thus the focusing 
is maintained if, for example, the a-c line 
voltage drops, although the raster will get 
smaller. This automatic focusing action 
takes place in the low-voltage electro-
static-focus tubes only if the focusing 
voltage and the second anode voltage 
always change by proportional amounts. 
This will usually be true for changes in 
a-c line voltages, but not for drops in the 
high-voltage because of aging or other 
defects in the horizontal output circuit. 

In addition to this automatic focusing, 
the high- voltage electrostatic-focus tubes 
also have less edge defocusing if a focus-
ing voltage circuit like those of Fig. 
38-19 b or c is used. The rectified hori-
zontal output pulses are not filtered per-
fectly so that the focus voltage is not 
pure direct current. Instead, its wave-
shape is such that the focusing varies as 
the beam moves from left to right across 
the screen, and the focusing is good on 
both sides of the screen as well as at the 
center. 

ION TRAPS 

38-4. Ion spots. — Some kinescopes, 

after having been in use for some time, 
develop a small, round, brownish spot 
from a half-inch to an inch and a half in 
diameter in the center of the screen. This 
is called an ion spot or ion burn, and 
results from bombardment of the screen 
by gas ions produced in the tube. These 
ions are emitted in small amounts by the 
cathode, or they are formed when elec-
trons collide with gas molecules left in 
the tube due to imperfect vacuum. 

Ion spots occur only in kinescopes 
which use electromagnetic deflection. 
This is because, in electrostatic deflec-
tion, the amount a charged particle is 
deflected does not depend on either its 
charge or its mass. Thus all particles 
are deflected the same amount, and any 
ions in the kinescope are deflected over 
the entire area of the raster. In magnetic 
deflection, the amount a particle is de-
flected depends on the ratio of its charge 
to its mass. The gas ion, having the same 
charge as an electron but several thou-
sand times its mass, is deflected much 
less by the magnetic field and an ion 
spot forms at the center of the raster. 

An ion spot is not the result of the 
afterglow which leaves a very bright spot 
on the screen for a few seconds after the 
set is turned off. This afterglow occurs 
simply because it takes some seconds for 
the high voltage to decay after the set is 
turned off, and since the deflection volt-
age has gone off the beam is concentrated 

near the center of the screen. Further-
more, ion spot may be visible only when 
the raster is present, and it is not to be 
confused with a possible screen burn 
caused by an undeflected beam. The ion 
spot may be more noticeable when the 
high voltage is lower than normal, be-
cause the velocity of the electrons is re-
duced and they cannot penetrate the ion 
cluster so easily. 

Ion Traps. — Once an ion spot has 
formed in a kinescope it cannot be re-
moved. If it is objectionable, the only 
remedy is to replace the picture tube. 
However, practically all modern kine-
scopes eliminate ion spot trouble by the 
use of ion traps. An ion trap consists of 
a small magnet, or pair of magnets, which 
fits on the neck of the tube and prevents 
any ions that may be formed from reach-
ing the screen. Two types of ion traps are 
in general use: the bent-gun type and the 
slashed- or tilted-field gun type. 

Figure 38-22 shows how the bent- gun 
ion trap operates. The cathode end of the 
gun is mounted askew in the neck of the 
tube so that it aims at the side wall of 
the tube neck. The second anode, as the 
diagram indicates, is slightly bent, so 
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that this end of the gun does aim toward 
the screen. A small permanent magnet, 
usually a piece of alnico mounted in a 
clamp, is fitted on the neck of the tube 
over the gun. When the beam is formed, 
the electrons and any negative ions that 
may be present are at first accelerated 
toward the side of the second anode. But 
the electrons, easily deflected by the 
magnetic field from the small magnet, are 
bent toward an aperture in the second 
anode. The heavier ions are not deflected, 
but strike the anode wall where they can 
do harm. 

,./on trap 
7" magnet 

ube neck 

cathode —  

1st anode 

2nd anode 

Fig. 38-22 

ions 

electron beam 

The slashed-field gun, illustrated in 
Figure 38-23, need not be mounted askew 
in the tube neck. It requires two perma-
nent magnets. The facing ends of the two 
anodes are cut at an angle to the axis of 
tube so that the electrostatic field which 
accelerates the electron beam is dis-
torted. Both electrons and ions, which 
are deflected the same amount by an 
electrostatic field, are aimed toward the 
wall of the anode as they leave the cath-
ode. The ions continue in their initial 
direction, but the electrons are straight-
ened out by the shape of the magnetic 
field produced by the two permanent 
magnets. 

sloshed 
field 

Fig. 38-23 
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Ion Trap Adjustment. — Adjustment of 
the ion trap is simple, but must be done 
very exactly to avoid damage to the tube 
and to obtain maximum brightness. The 
procedure is essentially the same for 
both types of traps, except that with the 
double-magnet type the smaller of the two 
magnets must be in the forward position 
and farthest from the base end of the tube. 

The tube is located in the set so that 
the bent end of the gun points upward. In 
the case of the slashed-field gun, the 
wide side of the slashed field is on the 
top. These parts of the gun are visible 
through the glass tube neck. 

For the first adjustment, slide the 
clamp which holds the magnet over the 
neck of the tube so that the magnet is on 
the glass part of the tube neck about one-
quarter inch from the plastic tube base. 
Make this adjustment with the lowest set-
ting of the brightness control at which a 
raster is visible. 

Rotate the magnet around the neck of 
the kinescope, at the same time sliding it 
forward and backward. Notice that the 
brightness of the raster varies. Stop at 
the point of maximum brightness. 

Reduce the brightness control again 
and continue moving the magnet until the 
raster cannot be made any brighter by 
sliding the magnet. To make the final 
adjustment, vary the brightness control 
until the raster begins to bloom (expand 
rapidly and defocus) and carefully set the 
magnet for maximum brightness. 

If no raster appears during this pro-
cess, try reversing the ion- trap magnet. 
If its polarity is wrong, the electrons will 
not be deflected in the right direction. 
Sometimes two points of maximum bright-
ness appear. If this happens, use the one 
at which the magnet is closest to the 
base of the tube. The second maximum 
occurs when the ion- trap magnet is too 
close to the focusing magnet. It will in-
terfere with the focusing. 

Sometimes the adjustment cannot be 
made at all. If the magnet is demagnetized 
from having been dropped or otherwise 
mistreated; it may not have enough 
strength to give the full deflection re-
quired. In this case the raster will be 
weak. 
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Occasionally, the magnet is too 
strong, and proper ion-trap adjustment 
cannot be made even if the magnet is slid 
well back on the base of the tube. If a 
more suitable magnet is not immediately 
available, the magnet may be temporarily 
shunted with a paper clip or other small 
piece of magnetic material. This will re-
duce the strength of the field enough so 
that adjustment can be made. 

Centering Control. — Some means must 
be provided to center the raster on the 
kinescope screen. A rough adjustment, of 
course, is made when the deflection yoke 
and focus coil are mounted on the tube. 
The yoke trust be slid as far up on the 
tube neck as possible so that it fits firm-
ly against the cone of the tube. The focus 
coil, which is fastened to the yoke hous-
ing by screws and separated from it by 
spacers, is usually about one-half inch 
behind the yoke. If the yoke and coil are 
not in proper position, the centering ad-
justment may not be enough to center the 
raster. 

Mechanical centering is often used in 
modern receivers. With this type of con-
trol, the position of the electron beam 
within the tube is adjusted by moving a 
magnetic shunt which is attached to the 
focus magnet. The shunt is a flat, circu-
lar, iron disk with a hole in the center 
th,at is slightly larger than the diameter 

Fig. 38-24 

of the tube neck. The di sk fit s flat 
against one side of the focus magnet and 
can be slid either vertically or horizontal-
ly along the face of the focus magnet. 
Figure 38-24 shows such an arrangement. 
When the disk is moved, the shape of the 
magnetic field is altered enough so that 
the raster can be centered. 

Another method of centering control 
sometimes used is that of passing direct 
current through the deflection coils. The 
direct current sets up a constant magnetic 
field within the tube which gives a con-
stant deflection of the electron beam. 
This constant deflection is independent 
of the sawtooth deflection current. By 
varying the strength of the direct current, 
the entire raster can be moved vertically 
or horizontally. Figure 38-25 is a simpli-
fied circuit of this type of control. 

horizontal 
deflection 
circuit 

horizontal 
centering 

vertical 
deflection 
circuit 

deflection 
coils 

w?rfical 
centering 

Fig. 38-25 

Electrical centering is now less com-
mon than mechanical centering because 
of the added load on the power-supply 
circuits. Also, mechanical centering is 
more easily accomplished and does not 
change with variations in supply voltage 
or other circuit conditions. 

Electrostatic-focus tubes have no 
focusing magnet to which a movable shunt 
can be attached for centering. Direct cur-
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rent can be used in the deflection yoke 
for centering, but a simpler method is that 
of using a small external magnet similar 
to an ion- trap magnet. 

One type of external-centering magnet 
consists of a small piece of alnico mount-
ed on a shaft. It can be rotated on bear-
ings between two iron pole pieces, as 
shown in Fig. 38-26. The entire unit is 
clamped to the tube neck by a wing nut. 
When the magnet is positioned so that its 
polarity is as shown in the diagram, most 
of the magnetic flux passes through the 
pole pieces and through the neck of the 
tube, where it affects the electron beam. 
If the magnet is rotated through 90 de-
grees, none of the flux reaches the inside 
of the tube. Thus the centering flux can 
be adjusted frond a maximum value to zero 
by rotating the magnet within the pole 
pieces. 

rotary 
magnet 

wing nut I axis 

Fig. 38-26 

Centering with this device is accom-
plished by first rotating the entire center-
ing unit on the neck of the tube so that 
its axis ( shown in Fig. 38-26) is in line 
with the direction of displacement of the 
raster. Then the magnet itself is rotated 
until the raster is pulled to the center of 
the tube face. 

Centering magnets can be used in 
pairs. The two units are placed on the 
neck, one behind the other, with their 
axes at right angles. For centering adjust-

ments, only the two magnets need be 
rotated; the pole pieces are left station-
ary on the tube neck. 

THE FLUORESCENT SCREEN 

38-5. Phosphors. — As was said at the 

beginning of this lesson, the kinescope 
converts the electric picture signal into 
the light pattern which the viewer sees as 
a picture. The actual process of convert-
ing electric energy into light energy takes 
place in the coating on the inside of the 
tube face. 

This coating is a material which emits 
light when struck by high- velocity elec-
trons and continues to emit light for a 
short time afterward. The property of the 
material to emit light during the electron 

bombardment is called fluorescence; its 
ability to continue to emit light is called 
phosphorescence. Materials possessing 
both these properties are commonly called 
phosphors. 

Many kinds of phosphors are available 
for cathode-ray tubes. The choice for any 
particular use depends on a selection of 
these properties: color of luminescence; 
luminescent efficiency; and duration of 
phosphorescence, or persistence. For 
kinescopes the color of the emitted light 
should be white, since we are most accus-
tomed to looking at black-and-white pic-
tures. The luminescent efficiency must be 
as high as possible to eliminate the need 
for impractically high voltages. 

Phosphors with persistences of from 
only a few milliseconds to several sec-
onds and longer are available. For kine-
scopes, a medium persistence is selected. 
When the electron beam passes a given 
point on the screen, the light emitted 

must not die out immediately, or the pic-
ture would appear to flicker. Nor must the 
light at that spot last too long, or it would 
interfere with light emitted on the next 
passage of the beam, and the moving pic-
ture would appear smeared and flat. 

The phosphor itself is a nonconducting 
material. We might therefore expect that 
the continuous stream of electrons strik-
ing it would gradually build up a negative 
charge high enough to repel any further 

electrons. However, the phosphor is also 
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an efficient emitter of secondary elec-
trons. Each time a high-energy electron 
hits the screen, the phosphor emits not 
only light, but also one or more other 
electrons. These secondary electrons 
drift into the vacuum inside the tube and 
immediately are attracted to the high 
positive voltage on the Aquadag coating. 
This coating acts as a plate return to 
drain off the electrons. A d-c path to 
ground must be supplied in the high- volt-
age supply. 

Many kinescopes feature a metal-
backed, or aluminized, screen. This 
means that a very thin layer of metallic 
aluminum is deposited chemically behind 
the phosphor. This backing serves two 
purposes: It increases the light output 
from the tube, and eliminates ion spot. 

About half the light emitted from any 
spot on the screen radiates directly back 
into the tube and serves no useful pur-
pose. The other half of the light radiates 
forward, but about 15 or 20 percent of this 
is absorbed by the glass in the face-plate, 
so that only 30 or 35 percent of the light 
emitted by the phosphor can be seen by 
the viewer. The metal backing on the 
phosphor is so thin that electrons can 
easily penetrate it to reach the phosphor 
with no appreciable loss of energy, but it 
is thick enough to reflect the light which 
would otherwise be directed back into the 
tube. Thus the aluminized screen gives a 
much brighter spot than screens having 
no backing. 

Also, gaseous ions, which are much 
larger than electrons, cannot pass the 
metal backing and no ion spot can be 
formed. Tubes which have aluminized 
screens normally do not need ion traps. 

Filterglass Faceplate. — Another fea-
ture of many kinescopes is a filterglass 
faceplate, which is used to increase con-
trast. Contrast refers to the difference 
between points of maximum and minimum 
brightness on the screen. For high con-
trast all parts of the original scene which 
are black should appear as black as pos-
sible on the kinescope screen, and white 
parts of the scene should appear as white 
as possible. Even with a very bright kine-
scope, the picture will appear dull or flat 
if there is not sufficient contrast. 

The filterglass faceplate improves 
contrast by reducing halation. Some of the 
light emitted from a spot on the phosphor 
is reflected back by the outer surface of 
the glass tube face and reflected forward 
again by the inner surface, as shown in 
Fig. 38-27. If the electron beam is station-
ary, this reflected light appears as a halo 
around the bright spot where the beam is 
striking. Usually the halo has a sharply 
defined inner edge one or two inches in 
diameter and a poorly defined outer edge. 
Sometimes a second halo appears outside 
the first. 

electron beam 

phosphor 

Fig. 38-27 

glass on tube 
phase 

light reflected 
within glass 

halo 

When the beam is scanning the raster, 
the halo moves with it and cannot be seen. 
However, the stray light which it causes 
is still present, and makes the general 
background of the picture brighter. Fig. 
38-27 shows that the reflected light which 
causes halation must pass through a 
greater amount of glass than the light 
which goes directly to the viewer. The 
light transmitted by the filterglass de-
creases very rapidly with the amount of 
glass it must pass through. Thus the 
direct light, which passes only through 
the thickness of the faceplate, loses very 
little of its intensity, while the reflected 
light is very much attenuated and the 
halation is correspondingly reduced. 

Etched Glass Faceplate. — Another 
factor which greatly affects picture con-
trast is reflection of room light from the 
kinescope face. If the television receiver 
is in a room with a fairly high light level, 
much of this outside light may be reflect-
ed toward the viewer along with the light 
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from the phosphor. This makes for bad 
contrast because the dark parts of the 
screen reflect well. An etched or frosted 
faceplate reduces this stray reflection so 
that better contrast can be obtained even 
with normal room lighting. 

TYPICAL KINESCOPES 

38-6. Almost all television receivers 
now being manufactured use kinescopes 
ranging in size from 14 to 22 inches. Most 
older postwar sees used 10- and 12-inch 
tubes, and a few receivers using 7-inch 
electrostatically deflected kinescopes 
are still in use. At the other extreme, 25-
and 30-inch tubes are being manufactured 
for more elaborate home receivers. In all, 
there are roughly 75 different types of 
kinescopes currently being made and used 
in home television receivers. 

The tube number aids greatly in iden-
tifying kinescopes, since it tells several 
important things about the tube. 

Consider the 16GP4-A, for example, a 
frequently used kinescope. The first num-
ber, 16, is the approximate tube diameter 
in inches. In the case of rectangular 
tubes, this number applies to about the 
nearest half-inch, and should not be used 
as a mounting dimension. 

The first letter, G in this case, dis-
tinguishes the tube from others of the 
same general size and is assigned in 
more or less alphabetical order to each 
new tube type as it is developed. 

P4 indicates the type of phosphor 
that is used in the fluorescent screen. 
This is the same for all kinescopes. It is 
white with medium persistence. 

The letter following the hyphen, A, 4, 
C, or D, indicates variations in the face-
plate in tubes which otherwise have, the 
same number. Thus the 16GP4 has a face-
plate of filterglass, while the 16GP4-B 
has a frosted or etched faceplate in addi-
tion to the filterglass. Kinescopes which 
have the same number except for this last 
letter are interchangeable in all respects. 

Basing Diagrams. — Another aid for 
identifying kinescopes is the basing dia-
gram. Like basing diagrams for other 

types of electron tubes, this shows the 
electrical connections to the tube. Figure 
38-28 shows the three most common bas-
ing diagrams used for kinescopes. 
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Fig. 38-28 

Diagram a is for an electromagnetic-
deflection magnetic-focus kinescope. 
Pins 1 and 12 are the heater connections; 
pin 11 is the cathode; pin 2 is grid num-
ber 1; and pin 10 is the first anode. Con-
nection to the second anode is made to a 
special socket on the cone of the envel-
ope. All magnetic-focus kinescopes in 
common use employ this arrangement 
except the lOMP4, 12CP4, 12VP4, and 
12WP4. 

Electrostatic-focus tubes require a 
connection for the focusing electrode, and 
therefore have a somewhat different bas-
ing diagram. Both high- and low- voltage 
focus tubes use diagram b. This is the 
same as diagram a except that the added 
electrode is shown to be connected to 
pin 6 on the base. 

Diagram c is for the self-focus type of 
kinescope. This shows the same elec-
trodes as diagram b, but the focusing 
electrode, instead of connecting to pin 6 
on the base, is shown as connecting to 
the cathode internally through a resist-
ance. The other electrodes have the same 
connections as in the other two diagrams. 

The basing diagram is useful only for 
making electrical connections to the tube. 
It does not show any other important fea-
tures such as type of envelope, type of 
ion trap, faceplate, deflection angle, or 
electrical characteristics. 

Tube Envelopes. — Kinescopes are 
also classed according to the type of 
envelope. This classification is divided 
into two groups: the shape of the enve-
lope, and the typeof construction. 



38-18 
TELEVISION SERVICING COURSE, LESSON 38 

Round kinescopes have circular face-
plates. Because the picture itself is rec-
tangular, the entire area of the round 
faceplate is not used; there must always 
be a certain amount of unused space on 
each side of tie picture if the full raster 
is to be displayed. To eliminate this 
waste, many picture tubes are made with 
a rectangular faceplate that is nearly the 
same shape as the picture. These rectan-
gular tubes, while more difficult to manu-
facture, provide a great saving in cabinet 
space. This is shown in Fig. 38-29. 

The construction of a kinescope may 
be all glass or a combination of metal 
and glass. Either of these types may be 
rectangular or round. In the metal tube, 
the conical section between the neck and 
the faceplate is made of steel. Metal 
tubes are much lighter in weight than 
glass tubes, and are cheaper to manufac-
ture because the metal cone is easily 
produced by a spinning process. The 
metallic cone also provides a good mag-
netic shield for the electron beam so that 
stray magnetic fields are less likely to 
distort the picture. Also, metal tubes are 
less fragile than glass tubes, and even if 
they should break, there is less danger 
from flying glass. 

The disadvantage ot metal tubes is 
that the high second anode voltage must 
be applied to the exposed metal shell. 
It is also possible for the metal shell to 
become permanently magnetized in spots 
if located too near a magnetic field. Such 
magnetism shows up as picture dis-
tortion, usually near the edges of the 
picture. 

In glass tubes the hazard of the ex-
posed second anode voltage is elimin-
ated. Most glass kinescopes have an 
outer coating that is a good conductor. 

round tube ' 

rectangular tube 

The Aquadag coating inside the kine-
scope and the outer conductive coating, 
separated by the glass, make an excel-
lent capacitor. If the outer coating is 
grounded, this capacitor serves as a 
filter for the high-voltage supply. It also 
can hold an appreciable charge, even if 
the kinescope is completely discon-
nected from the receiver. Always ground 
both the outer coating and the high-
voltage terminal of a kinescope before 
handling it. 

KINESCOPE CHARACTERISTICS 

38-7. Tube handbooks list a number 
of characteristics for kinescopes. These 
may be divided into electrical and mech-
anical characteristics. 

Electrical Characteristics. — We have 
already discussed most of the important 
electrical characteristics. These are; 
deflection angle, focusing method, capa-
citance between inner and outer coating, 
type of ion trap used, ,focusing current or 
voltage, maximum and typical operating 
voltages, a n d control-grid extinction 
voltage. Heater voltage- and current-
ratings and interelectrode capacitances 
are also given. 

Maximum-voltage ratings are given 
for the first and second anodes and for 
the control grid. If these voltages are 
exceeded when the tube is installed in 
the receiver, the life of the kinescope 
will be greatly shortened. It is especially 
important that the maximum second anode 
voltage of larger kinescopes be kept 
within the tube's rating. With more than 
15,000 volts the electrons have enough 
energy when they strike the kinescope 

Fig. 38-29 
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screen to produce appreciable amounts of 
X-Rays.ln generala thick kinescope face-
plate provides adequate shielding. How-
ever, these may be harmful to an un-
shielded observer closeby, exposed to 
them over a period of time. 

Typical operating voltages are also 
given in the tube handbooks. These are 
lower than the maximum voltages and in 
general are the best voltages for operat-
ing the tube, although in different re-
ceivers they may vary somewhat. 

Mechanical Characteristics. — Also 
listed are a number of mechanical char-
acteristics which are important when re-
placing one tube type with another. 
These are: dimensions of the tube face, 
over-all length, construction of the en-
velope, type of anode terminal, type of 
faceplate, basing diagram, and mounting 
position. 

The tube-face size is given in maxi-
mum outer dimensions, and indicates 
whether the tube is round or rectangular. 
In addition, the size of the fluorescent 
screen, which is somewhat smaller, is 
given. In some cases, the kinescope must 
be mounted in a certain position with re-
spect to the vertical, and this is speci-
fied. 

Following is a list of kinescope cha-
racteristics as they might appear on a 
typical tube data sheet. Data for the 
16GP4 are used since this is one of the 
more commonly used kinescopes. 

Heater voltage (ac/dc) 6  3 volts 
Heater current 0  6 ampere 

Maximum Ratings 
Anode voltage 14  000 kv max. 
Grid No. 2 ( first anode) 410 volts max. 
Grid No. 1 ( control grid) 
Negative bias value  125 volts max. 
Positive bias value 0 max. 
Positive peak value 2 volts max. 

Peak Heater-Cathode voltage 
Heater negative with rrspect to cathode: 
During warm-up period  410 volts max. 
After warm-up  150 volts max. 

Heater positive with respect to 
cathode 150 volts max. 

Typical Operation 
Anode voltage   12,000 volts 
Grid No. 2 voltage 300 volts 
Grid No. 1 voltage for visual ex-
tinction of undeflected focused 
spot -33 to - 77 volts 

Focusing coil current (dc approx.) 100 ma 
Field strength of single-pole ion 
trap magnet  45 gausses 

General 
Faceplate   èilterglass 
Fluorescence and 
phosphorescence White 
Persistence of phosphorescence Medium 

Focusing method Magnetic 
Deflection method Magnetic 
Ion trap gun Requires single 

external mag-
net 

Deflection angle 70 degrees 
Maximum over-all length  17-11/16" 
Greatest diameter   15-.7/8" ±1/8" 
Screen diameter   14-5/8" 
Mounting position  any 
Base.  Small-Shell Duo-

decal 5-Pin 

In addition to this information, the 
data sheet specifies the type of focus 
coil that should be used with the tube. 
Frequently specifications for the high-
voltage power supply are given, so that 
there will be no damage to the kinescope 
or supply in case of a short circuit. 

Always consult the data sheet when 
replacing a kinescope with another of a 
different type, to be sure it will work in 
the circuit. 

INSTALL I NG THE KINESCOPE 

38-8. Kinescopes are remarkably dur-
able if properly handled, and do not have 
to be replaced often. But troubles do oc-
cur, and faulty tubes must be replaced. 
If the new kinescope is of the same type 
as the old one, replacement consists 
simply of putting in the new tube and ad-
justing the ion trap, focusing, and cen-
tering. 

However, sometimes an exact replace-
ment cannot be obtained, or the set owner 
wants a larger kinescope installed. Such 
tube changes are more difficult, and give 
rise to a number of problems. 

Mechanical Problems — The first thing 
to consider is cabinet size. The larger 
tube must fit inside the cabinet, or a lar-
ger cabinet must be provided. Many sets 
have cabinets which allow enough room 
for a kinescope slightly larger than the 
original. In this case, the opening in the 
front of the cabinet must be enlarged for 
the larger tube. Sometimes this can be 
done simply by installing a larger tube 
mask in the front of the cabinet. Usually 
however, a new protective window is 
also required. 
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If the new kinescope is too long for 
the cabinet, the socket end can be al-
lowed to extend an inch or so beyond the 
back of the cabinet. A metal or fiber cup 
must then be mounted over the tube base 
for protection. This should be done only 
as a last resort since, even with the pro-
tective cup, the kinescope may be dam-
aged if the set is moved. 

When a larger kinescope is installed, 
a new mounting arrangement usually must 
be provided. Kinescopes are supported in 
two places: by a saddle or cushioning 
arrangement at the screen end and by the 
deflectiore yoke. Never use the socket end 
of. the kinescope for support. 

Metal kinescopes must be supported 
at the screen end by insulators because 
the metal shell which carries the high 
voltage extends to the outer rim of the 
tube face. Rectangular, metal-shell kine-
scopes are usually supported at the cor-
ners by insulators. Round, metal-shell 
tubes are usually supported by an insula-
tor ring which fits around the rim of the 
tube face. The supporting insulators must 
be able to withstand the full second-
anode voltage. 

A number of different mounting ar-
rangements are available for glass kine-
scopes. Most of these have some sort of 
cushioning device at the screen end of 
the tube to protect the tube from jarring 
or rough handling during shipment. 

All kinescopes must have a protec-
tive viewing window mounted in front of 
the viewing screen to avoid damage to 
the tube face and to keep out dust. This 
window may be either glass or clear 
plastic. 

High-Voltage Problems. — Corona for-
mation must be considered when install-
ing a kinescope. Corona is an electric 
discharge which appears on the surface 
of a conductor when the voltage between 
the conductor and nearby conducting ma-
terial is higher than the breakdown volt-
age of the air space between them. It 
causes ozone to be formed, and this in 
turn deteriorates the insulating materials. 
If sharp edges or points are present, the 
possibility of corona is greater, and 
arcing may occur at such edges or points. 

If the corona is severe, it is visible as a 
bluish glow when the room is darkened, 
but it can cause damage without being 
vi sible. 

Corona can be avoided by a few sim-
ple precautions. Avoid any sharp edges 
or points on or near high-voltage conduc-
tors. Do not splice the high-voltage lead 
if it is not long enough for the new tube, 
but replace the entire lead. Be sure that 
the high-voltage lead is dressed neatly 
with no exposed stray wire. 

The metal rim on metal kinescopes is 
rounded to prevent corona. This rim, 
mounted on the supporting insulators, 
should be spaced from any grounded ele-
ments in the receiver by at least one 
inch. Similarly, all other parts of the 
metal cone should have at least one inch 
of air space between them and other 
metallic parts of the receiver. Deflecting-
yoke surfaces on the side toward the 
metal cone should be smooth. 

Dust collected around the anode cap 
of glass kinescopes and on the support-
ing insulators of metal kinescopes can 
reduce the insulating qualities of these 
parts, especially when the humidity is 
high, increasing the possibility of corona 
formation. The tube must be kept free 
from dust. This is best done by using a 
mounting arrangement which has a dust 
seal. 

Other contamination, especially finger-
prints, can also cause corona. Keep the 
kinescope as clean as possible during 
handling and installing. The surfaces of 
kinescopes, both glass and metal, and 
the supporting insulators, may be cleaned 
with soapless detergents, then rinsed 
with clean water and dried immediately. 
Do not use cleaning agents which might 
dissolve or otherwise injure the coated 
surfaces. 

Conductive Coatings.— If a kinescope 
having an external condurttive coating is 
used to replace another with no coating, 
the added capacitance of the coating may 
make the total capacitance too high for 
the circuit. For second-anode voltages of 
12,000, 14,000, 16,000, and 18,000 volts, 
the maximum allowable values of filter 
capacitance are 2,500, 2,000, 1,500, and 
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750 micromicrofarads, respectively. When 
installing a new kinescope, check the 
value of the filter capacitor in the re-
ceiver to see that its capacitance plus 
the capacitance of the tube coating does 
not exceed these values. If the total is 
too large, remove the capacitor in the re-
ceiver or replace it with one of lower 
value. 

When a kinescope without an outer 
coating is used to replace another that 
has a coating, a filter capacitor must be 
added. The same values for maximum 
capacitance as given in the preceding 
paragraph may be used as a guide. The 
capacitor must have a sufficiently high 
voltage rating to withstand the second-
anode voltage. 

If a metal kinescope is used to re-
place one having an external coating, a 
filter capacitor must be added. 

The external coating on coated kine-
scopes must be firmly grounded. This is 
usually done by a contact arm which ex-
tends from the deflection yoke mounting. 
The arm should give at least one-quarter 
square-inch of good contact. If a metal 
tube is installed, this contact arm must 
be removed even if it only touches the 
glass part of the glass funnel, because 
it will reduce the high-voltage path to 
ground of the metal shell. 

Component Problems.— Usually, kine-
scopes that are in the 50- to 60- degree 
deflection angle group can be deflected 

by any yoke designed for a kinescope in 
that group. Similarly, those in the 66- to 
70-degree deflection angle group usually 
require no new yoke if replaced by an-
other kinescope within the group. 

Frequently a tube from the larger-
angle group is substituted for one in the 
smaller- angle group. In this case a new 

deflection yoke must be used. In addition, 
it is usually necessary to make changes 
in the high-voltage, supply, in both the 
vertical- and horizontal-deflection cir-
cuits, the focusing system, and some-
times in the low- voltage supply. Conver-
sions of this type vary from set to set 
and it is necessary to consult conversion 
data for the particular receiver. 

ADJUSTMENT OF COMPONENTS 

38-9. When installing the new kine-
scope, first be sure that it fits well me-
chanically. Never use force in putting the 
tube in place, and never allow any of the 
mounting attachments to put undue force 
on the tube. The leads to the tube socket 
should have enough slack that they put 
no strain on the neck of the tube. 

Component Lineup. — The deflection 
yoke, which helps to support the kine-
scope, is mounted on the neck of the tube 
and fits close to the cone. Next to the 
yoke, in magnetic- focus tubes, is the 
focusing device, which may be any of the 
magnetic types discussed. This is us-
ually supported by the deflection-yoke 
housing, and should be separated from 
the yoke by about one-half inch. This 
distance will be slightly less if mea-
sured from the yoke housing. Next is the 
ion- trap magnet, which is placed about 
one-quarter inch from the base of the 
tube. 

With electrostatic- focus tubes, the 
lineup of components is the same ex-
cept that the centering device replaces 
the focusing device. 

Adjustment Procedure. — The ion- trap 
adjustment, as explained in the section 
on ion traps, is made first. It may be 'ne-
cessary to repeat the final ion-trap ad-
justment after the other components have 
been adjusted. However, the ion-trap 
magnet must be used only according to 
instructions, and never as an aid in fo-
cusing, centering, or width adjustment. 

The focusing adjustment is made next. 
This is best done with a test pattern, but 
it can be done with only a raster. When 
focusing with a raster, the focusing con-
trol should be set to give the best over-
all sharpness of the scanning lines. If 
done with a test pattern, it should be set 
for best resolution of the narrow ends of 
the wedges in the pattern. 

In the case of magnetically focused 
tubes, if the raster or pattern cannot be 
focused, it may be necessary to change 
the position of the focusing magnet 
slightly. 
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When focusing is completed, the pic-
ture must be centered and squared up. 
The first step is to rotate the deflection 
yoke until either the top or the bottom 
of the picture is in line with the edge of 
the tube mask. The yoke is then fastened 
snugly in place against the cone of the 
tube, by tightening the thumbnut which 
holds it. The picture is then centered by 
adjusting the centering device. The cor-
rect vertical and horizontal picture size 
is obtained by adjusting the size con-
trols. 

These picture adjustments are best 
made with a test pattern, which indicates 
sharply any incorrect adjustments, but 
they can also be made with a raster or 
picture. After the first adjustments are 
made, all must be given a final touch for 
best results. 

GENERAL PRECAUTIONS 

38-10. HighVoltages.— While the reg-
ulation of high-voltage power supplies in 
television receivers is usually so poor 
that contact with the supply is not fatal, 
these supplies are dangerous and may 
cause serious injury. Before touching any 
part of the circuit, turn off the power sup-
ply switch and ground both sides of high-
voltage capacitors and the shell of metal 
kinescopes. Remember that high voltages 
may be present on low-voltage circuits if 
there is a faulty capacitor or other com-
ponent. 

Handling of Tubes. — Because of the 
large surface area and high degree of 
vacuum, a tremendous force exists due 
to air pressure on the tube.. If the kines-
cope breaks, this force is released sud-
denly and causes the glass to fly. There-
fore, great care must be used in handling. 

Wear goggles and gloves when handl-
ing kinescopes. 

Do not handle a kinescope by its neck. 

Do not exert more than moderate pres-
sure when installing a kinescope. 

If a tube does break, and you get cut, 
wash the cut carefully to remove all dirt 
and glass particles. The coatings used 

on kinescopes are not generally poison-
ous, but you might have an unusual al-
lergy. 

Keep kinescopes in their cartons when 
not in use. They may roll from a table, 
or the faceplate become scratched. Never 
place the kinescope face down, except 
on a surface rrotected by felt or similar 
material. 

The best way to dispose of a worn-out 
kinescope is to place it in a carton, seal 
the carton, and drive a heavy tool, such 
as a crow- bar, through the top of the car-
ton. 

PART II — KINESCOPE TROUBLES 

This section will cover defects within 
the kinescope itself and troubles related 
directly to the operation of the picture 
tube. 

filament 

cathode 
control grid  
first anode 
ion trop 

2nd onode 

high 
voltage 

Fig. 38-30 

NO BRIGHTNESS 

38-11. Shown in Fig. 38-30 is a dia-
gram of an electromagnetic kinescope. All 
the parts drawn in heavy lines must be 
functioning properly in order for bright-
ness to appear on the screen. These in-
clude everything except the focus magnet 
and the deflection yoke. If the yoke were 
defective, (provided the defect did not 
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cause loss of high voltage) the beam 
would not be deflected but there would 
still be light on the screen. If the focus 
magnet were defective the image on the 
screen would be out of focus but the 
screen would be lit. No brightness can be 
caused by a trouble in the following com-
ponents or circuits for the picture tube. 

1. Second Anode 
2. Ion Trap 
3. First Anode 
4. Control Grid 
5. Cathode 
6. Filament 

L ocaliz in g No Brightness Troubles. — 
The diagram of Fig. 38-30 indicates the 
voltages which must be supplied to the 
parts of the picture tube that produce 
brightness. When a no-brightness trouble 
is encountered the presence of each of 
their voltages can be checked. If all of 
the operating voltages are present and 
have the correct value, and if the ion trap 
is not faulty the kinescope tube has an 
internal defect. These conditions will 
now be considered separately except for 
the filament which can be easily checked 
as a cause of no brightness. You can 
look to see if the filament is lit, check 
filament continuity with an ohmmeter and 
measure the a-c filament voltage. 

Second Anode. — In receivers having 
a flyback or r-f power supply high volt-
age at the second anode can be checked 
by momentarily arcing the anode lead to 
chassis ground. If no arc is obtained 
then no high voltage is present. It should 
be noted that B+ is usually present on the 
second anode and will cause a small 
spark even though no high voltage exists. 
DO NOT MAKE THIS TEST ON RECEIV-
ERS EQUIPPED WITH A 60-CYCLE 
HIGH VOLTAGE SUPPLY. These power 
supplies are capable of delivering current 
and maintaining high voltage output under 
load. For this reason a shock from a 60-
cycle high voltage power supply could 
cause death. Methods of localizing the 
cause of no high voltage are treated in 
the lesson on deflection circuits. 

Ion Trap. — Improper positioning of 
the ion trap magnet can cause the beam 
to be deflected away from the flouresent 
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screen, thereby preventing brightness. 
If the trap is placed backwards on the 
neck of the tube, the screen will light 
when the trap is rotated 180° from its 
normal position. This is shown in Fig. 
38-31. Almost any type of PM ion trap 
(single or double magnet) will work with 
any picture tube. PM ion traps are not 
troublesome except in regard to position-
ing. However, the coils in EM traps can 
develop internal open circuits or shorted 
turns. Defects in EM traps often do not 
appear until the trap has heated up. For 
instance, the brightness might fade out 
after the set operates for 20 minutes. EM 
traps can be checked for trouble by sub-
stituting a PM trap. 

{the screen will not light when the trap 
is rotated to this 
position 

then 

IF THE SCREEN LIGHTS 
WITH THE ION TRAP IN 

THIS POSITION 

but 

the screen will light 
with the trap in 
this position if it's 
removed, then inverted 
and replaced 

F ig. 38-31 

First Anode. — The first anode po-
tential must be approximately 300 volts 
more positive than the cathode in order 
for brightness to appear. The connection 
to the first anode is a pin at the picture 
tube base. Therefore, B+ for the first 
anode can be measured by inserting the 
voltmeter probe into this proper hole in 
the kinescope socket, with the other 
meter lead grounded to chassis. 

Fig. 38-32 illustrates the first anode 
decoupling network, consisting of the 
isolating resistor R and bypass con-
denser C. The bypass condenser keeps 
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control grid 

cathode 

the anode at ground potential for all fre-
quencies of the video signal ( 30 cps to 
4 mc). The condenser has the same func-
tion as the screen grid bypass condenser 
found in a pentode amplifier. When B+ is 
absent from the first anode a shorted by-
pass condenser is often the trouble. A 
shorted circuit here may cause the re-
sistor to burn. 

Control Grid — Cathode. — An open 
cathode circuit results in no brightness 
because the picture tube is then unable 
to conduct anode current. Aside from 
this condition, the grid and cathode have 
to be considered together. The grid-
cathode bias voltage controls the in-
tensity of the light on the screen by con-
trolling the kinescope conduction in the 
same way that the grid bias controls the 
conduction of an ordinary amplifier tube. 
There will be no brightness when the 
voltage at the grid is approximately 50 
volts negative with respect to the cath-
ode. Fifty volts is a representative kine-
scope grid cutoff potential. The exact 
cutoff voltage of a particular kinescope 
type will vary slightly from this value. 
Because the grid bias is relative to the 
cathode, the picture tube can be cut off 
in two ways: 1. By a positive voltage at 
the cathode with respect to ground which 
is greater than cutoff bias (+ 50V). 2. 
By a negative voltage at the grid with 
respect to ground which is greater than 
cutoff bias (— 50V). 

No Control over Brightness. — Since 
the brightness is controlled by varying 
the control grid bias, a trouble that caus-
es inability to reduce brightness must 
be located in the grid-cathode circuit of 
the kinescope. Brightness is maximum 
when grid bias is zero with .-respect to 
the cathode. Therefore, inability to re-

duce brightness means the brightness 
control cannot increase the bias to a suf-
ficiently large negative voltage. The 
range might still be about 50 volts. 

The kinescope bias can be measured 
by inserting a voltmeter probe in the pro-
per hole in the tube socket. However, if 
abnormal bias is the result of an internal 
short within the kinescope, the meter 
reading will be normal with the socket 
removed from the picture tube base. This 
possibility of error can be avoided by 
measuring the bias at a wiring tie- point 
under the chassis, with the tube socket 
in place. If the bias measured at the tie-
point is low but returns to normal when 
the socket is removed then we know the 
picture tube is defective. 

TROUBLESHOOTING PICTURE TUBE GRID 
CIRCUITS 

38-12. Incorrect bias in the kinescope 
grid circuits can produce two possible 
symptoms: ( 1) no brightness, ( 2) no con-
trol over brightness. 

No brightness means a high value of 
negative grid voltage with respect to the 
cathode; no control over brightness means 
a low value of negative grid voltage or a 
positive grid voltage. In addition, loss of 
synchronization sometimes accompanies 
the trouble of no control over brightness; 
this can happen when the sync takeoff 
point is at the kinescope grid. 

The kinescope grid and cathode cir-
cuit must be capable of responding to 
the full frequency range of the video sig-
nal, from 30 cps to 4 mc. For this reason 
certain component failures in the kine-
scope grid-cathode circuit can pause 
picture smear in the same way that de-
fects in the video amplifier cause smear. 
Such failures need not alter the bias volt-
age. An example is an open coupling con-
denser from the video output tube plate 
to the kinescope grid. 

A less obvious component failure 
capable of producing smear is an open 
condenser in the signal return circuit of 
the kinescope. Referring to Fig. 38-33, 
C131 is the signal return path from the 
kinescope cathode to the video output 
tube plate load. Fig. 38-34 is a simpli-
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fied diagram illustrating the position of 
this condenser in the signal path. Note 
that in the schematic diagram in Fig. 
38-33 the condenser is shown returned 
to 1215v at point A. The video output 
tube plate load is also returned to 1 215 
at point B, so that the condenser is elec-
trically connected from the kinescope 
cathode to point 13. If this condenser 
opens the signal return path is through 
the power supply, which does not have 
equal response to all the video frequen-
cies. The result is picture smear. 

If the, signal return ( bypass) condenser 
C131 were shorted there would be no 
brightness because 4 215 volts would be 
applied to the cathode which would cut 
kinescope beam current. 

The circuit shown in Fig. 38-34 is 
direct- coupled; the plate of the video 
amplifier is connected directly to the 

grid of the kinescope. No blocking con-
denser is present. Therefore, the kine-
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scope grid bias depends upon the con-
duction of the video output tube. If the 
conduction became excessive, the kine-
scope grid voltage would become less 
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positive. Excessive conduction in the 
video output tube can cause no bright-
ness, therefore, in circuits wherè the 
video amplifier is directly coupled to 
the kinescope grid. 

In summary, trouble in the kinescope 
control grid-cathode circuit is capable of 
producing the following four symptoms: 
(1) no brightness, ( 2) no control of bright-
ness, ( 3) no sync, ( 4) picture smear. 
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Fig. 38-35 is a part of the schematic 
diagram of another receiver circuit, show-
ing the video amplifier, the sync takeoff 
and the kinescope. We'll use this dia-
gram to illustrate an example of trouble-
shooting a receiver having no control 
over brightness. 
1. Measure the grid and cathode voltage 
to see which is at fault. The cathode 
voltage should be 4120 volts when the 
brightness control is turned to the no-
brightness position ( full counterclockwise 
rotation). The grid should not be much 

more positive than the 48.3 volts shown. 
2. Remove the kinescope socket to see 
if the voltage returns to normal, as a 
check on the kinescope. 
3. If the cathode voltage is low (close to 
zero volts) 

(a) measure on the center arm of the 
control. If the voltage is normal 
here then C134 is shorted. 

(b) If the voltage at the control arm is 
also low: 
(1) There could be a short from 

the arm to ground. 
(2) The 4 120 volt supply could 

be low. 
(3) The resistance element in the 

control could be open at point 1. 

Note that trouble in the cathode would 
not affect the sync. 
4. If the grid is excessively positive, 
check C190 and C215 for leakage. Leak-
age in either of these condensers would 
apply 4 295v (plate voltage of the video 
output tube) to the kinescope grid. Note 
that leakage in these condensers could 
cause loss of sync. 

HIGH VOLTAGE BUZZ AND SMEAR 

38-13. The kinescope beam current is 
not constant but varies in intensity ac-
cording to variations in control grid volt-

age. The variations in control grid voltage 
correspond to the instantaneous changes 
of picture and sync information. This ac-
tion is the same as occurs in a conven-
tional vacuum tube amplifier. Therefore, 
the variations in kinescope current can 
cause voltage variations to occur across 
any resistance in series with the second 
anode. Such resistance is sometimes pre-
sent in the high voltage power supply as 
a result of a circuit defect. This is the 
cause of a trouble that produces sync 
buzz and smear. 

In the case of a glass kinescope, buzz 
and smear can be caused by ungrounding 
the outer coating. To see why this is so 
refer to Fig. 38-36. At a is shown a high 
voltage power supply for a glass kine-
scope. The output filter capacitor of the 
power supply is formed by the capacitance 
between the inner and the outer coatings 
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of the kinescope. The high voltage con-
nects to the inner coating. The outer 
coating is grounded to the chassis by 
some kind of spring clip. This capaci-

tance is represented by C2 in the dia-
gram. 

Fig. 38-36 b shows what happens 
when the outer coating is not grounded. 
With C2 open the only ground return for 
variations (a-c component) of the kine-
scope beam current is c 1.R is in series 
with the kinescope second anode and 
the a-c ground at C 1. Therefore R acts 
as a plate load resistor for the kine-
scope. This can be understood by com-
paring the diagram of the kinescope cir-
cuit ( with C2 opened at point X) with the 
diagram at C, which shows a conven-
tional triode amplifier circuit. Large volt-
age variations corresponding to the ver-

tical sync signal exist across R. These 
voltage variations are present at every 
point on the kinescope outer coating with 
respect to ground. They can be picked up 
by nearby audio circuits and heard as 
buzz in the sound. 

Smear Due To Ungrounded Kinescope Coating 

Fig. 38-37 

Fig. 38-37 is a photo of the picture on 
the face of a glass kinescope with its 
outer coating ungrounded. Notice the 
trailing streaks. This type of smear is 
due to the fact that the impedance of the 
ground return for kinescope beam current 
variations is not equal for all video fre-
quencies. The kinescope now has a plate 
load impedance (R of Fig. 38-36) that is 
not compensated for frequency response. 

Metal kinescopes can also cause buzz. 
There is no "outer coating" on a metal 
kinescope but there is usually no filter re-
sistor in the high voltage power supply. 
The metal part of the tube is directly 
connected to the high voltage filter con'-
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denser which is the ground return for 
variations in beam current. However, 

while this condenser forms an a-c ground 
connected to the metal cone of the tube, 
it lacks the shielding effects of the outer 
coating of a glass kinescope. For this 
reason volume controls and audio leads 
near metal kinescopes are often fitted 
with metal shields which must be grounded. 

High voltage buzz can be recognized 
by the following: 

1. The loudness of the buzz decreases 
when the brightness control is 
turned down. 

2. The buzz stops when the high volt-
age lead is disconnected from the 
kinescope. This test is easily 
made with glass kinescopes. 

3. The buzz stops when the kinescope 
socket is removed. With metal tubes 
this is an easier test than dis-
connecting the high voltage lead. 

Fig. 38-38 

Buzz and smear encountered with 
glass kinescopes due to an ungrounded 
outer coating are usually caused by 
wearing away of the coating. A kine-
scope with a worn spot on the outer coat-
ing is pictured in Fig. 38-38. 

In this case the cure consists of ro-
tating the tube so that the grounding 
clips contact the coating rather than the 
worn spot. 

Buzz encountered with metal tubes 
is usually the result of an open ground 
connection on the shield protecting some 
audio component or lead. It is occasional-
ly necessary to shield a component such 
as a volume control where no shield al-
ready exists or to replace an audio lead 
with shielded wire. 

FOCUS TROUBLES 

38-14. — For the purposes of this sec-
tion we will consider troubles which make 
it impossible to pass through best focus 
when rotating the focus control. The de-
fects which cause inability to pass 
through the best focus are different for 
electrostatic systems and magnetic sys-
te ms. 

Magnetic Focus. — In this case focus 
depends upon two factors: ( 1) The strength 
of the magnetic field; ( 2) The point along 
the electron beam where the field acts. 
Nothing can be done about the strength 
of field when a permanent focus magnet 
is used, except to use a new magnet. 
However, the magnet can be moved back 
and forth along the neck of the kinescope 
to vary the point along the beam where 
the field will act. 

The strength of the field produced by 
an electromagnet is measured in ampere-
turns. As this implies, the more turns in 
the coil, the stronger is the field. Also, 
the more current that flows in the coil 
the stronger is the field. 

When it is impossible to pass through 
focus, the first step is to re- position the 
coil on the kinescope neck in an effort to 
find a point where the beam can be fo-
cused by the available strength of field. 



Focus Troubles 

1 
Fig. 38-39 

Failing this, the problem is to increase 
the current flowing in the coil. The 
trouble could also be due to too much 
current in the coil so that it would be 
necessary to decrease the coil current. 

Fig. 38-39 is a simplified diagram of 
a television power supply showing the 
location of the focus coil ( F) and the 
focus control ( R). The focus control is 
a variable resistance in parallel with 
the coil. The total current flowing be-
tween points A and B does not change. 
It is determined by the load on the power 
supply. Therefore if any of the parallel 
resistors ( R1, R2) increases in value more 
current will flow in the coil because less 
flows in the, parallel resistors, while the 
total is unchanged. It is unnecessary to 
consider a change in the resistance value 
of the control because it can be set to 
any desired value in its range. 

Changing the Focus Coil Current. — It 
is occasionally necessary to change the 
amount of current in a focus coil although 
no defects exist in the circuit. This is 
the case, for instance, when a receiver is 
converted to a larger screen size. In-
creased high voltage may be used in the 
converted receiver, resulting in a more 
intense beam which requires a stronger 
magnetic field for focus. 

Referring to Fig. 38-39, removing R2 
increases the current in the coil. Re-

RI 

FOCUS 
CONTROL 
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moving any resistor in parallel with the 
coil increases the coil current. The op-
posite is also true—adding resistors in 
parallel with the coil decreases the coil 
current. If R1 were replaced with a higher 
value resistor, increased current would 
flow in the coil because the resistance 
in parallel with the coil increases the 
coil current. 

Another way of increasing the current 
in the focus coil of Fig. 38-39 is to place 
a resistor in parallel with the bleeder 
resistor of the power supply. R3 is the 
bleeder and R4 is the added resistor. Two 
precautions should be observed. 

1. The added resistor should not be 
of such a low value that the in-
creased current would overload the 
receiver transformer or rectifier 
tubes. 

2. The added resistor should be con-
nected across the entire bleeder 
from the full B plus point to B 
minus, as in Fig. 38-39. This is to 
avoid changing the division of 
voltage at intermediate taps. 

A typical resistor for this purpose is 
20,000 ohms, with a 10 watt power rating. 
This value is safe for most power sup-
plies. 

A test is available to determine wheth-
er inability to pass through focus is the 
result of too much or too little current in 
the coil. Basically the idea is that if 
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focus is most nearly reached when the 
control is set for maximum resistance 
then there is not enough current in the 
coil. This can be understood if we con-
sider that if the control could be turned 
a little more we would reach focus. Turn-
ing the control more in the same direction 
would mean a further increase of parallel 
resistance and more coil current. If focus 
is most nearly reached when the coil is 
set for minimum resistance then there is 
too much current in the coil. 

To make this test, rotate the control 
in the direction which approaches focus. 
Note the direction. Then, turn off the 
power. Connect an ohmmeter from the 
control's center arm to the end terminal 
which is connected to the focus coil. 
Now, rotate the control in the same di-

Horizontal 
Output Tube 

IV2 
Focus 

Rectifier 
Tube 

\ control 

to focus 
electrode in 
kinescope 

8016 
High Voltage 

Rectifier Tube 
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to kinescope 
2nd anode 

focus 

high voltage 

transformer 

rection that approached focus. If the re-
sistance reading increases, not enough 
current is flowing in the coil. If the re-
sistance reading decreases too much 
current is flowing in the coil. 

Electrostatic Focus. — Electrostatic 
focus is reached when the proper voltage 
is present at the focusing element within 
the kinescope. We can divide electro-
magnetic tubes employing electrostatic 
focus into two categories: 

1. Those which require high voltage 
gt the focus element. That is, a 
voltage greater than that avail-
able from the low voltage power 
supply. 

2. Those which focus with a low volt-
age. The focus voltage for these 
tubes is obtained from the low volt-
age supply. 

8016 
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Rectifier Tube 
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output tube 

Fig. 38-40 
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The high voltage for focusing in kine-
scopes of the first category is obtained 
from the high voltage power supply and 
involves a high resistance bleeder which 
is a source of focus troubles. 

Fig. 38-40 a and b show two circuits 
which are representative of arrangements 
used to provide high voltage for focus. 
In a the separate rectifier is used to ob-
tain focus voltage. At b focus voltage is 
tapped off a bleeder connected from the 
kinescope second anode voltage to ground. 

Notice that if the separate focus recti-
fier tube fails, focus can be lost while 
brightness is not impaired.Also a changed 
value resistor in the bleeder of the cir-
cuit at a would not affect the brightness. 

If a resistor changes value in the cir-
cuit at b, brightness as well as focus can 
be affected because the bleeder supplies 
voltage for the kinescope accelerating 
anode and the brightness control, as well 
as for the focusing electrode. Shorts can 
cause no brightness in either circuit a 
or b. 

If focus cannot be reached because 
not enough focus voltage is supplied to 
the kinescope, this means that a bleeder 
resistor at the high voltage side of the 
focus control has increased in value. In 
the case of a separate rectifier, this 
could also mean that the tube has low 
emission and therefore its internal re-
sistance has increased. 

If focus cannot be reached because 
too much focus voltage is applied to the 
kinescope, then a bleeder resistor on the 
low voltage side of the control has in-
creased in value. 

To decide whether inability to reach 
focus is due to excessive voltage or too 
little voltage note the direction in which 
the control must be rotated to approach 
focus. Now turn off the power. Place an 
ohmmeter across the focus control. Con-
nect one meter lead to the center arm and 
the other to the end terminal which is 
the low voltage side of the control. Ro-
tate the control in the direction that ap-
proached focus. If the resistance in-
creases then not enough voltage is avail-
able; a resistor on the high voltage side 
has increased in value. If the resistance 

of the control decreases, too much volt-
age is supplied; a resistor on the low 
voltage side has increased. 

This test localizes a changed value 
of resistance to either the high voltage 
side of the control or the low voltage 
side. After this, fixing the trouble is 
often a matter of replacing the few sus-
pected resistors one at a time. There are 
two reasons for this: ( 1) the resistors 
that have increased cannot easily be de-
tected unless an ohmmeter with an R x 1 
megohm scale is available; ( 2) frequently 
more than one resistor has increased in 
value. 

F ig. 38-41 

Stray Magnetic Fields. — Fig. 38-41 is 
a photograph of a picture pulled out of 
shape by the deflecting action of a stray 
magnetic field. Such fields are produced 
when a magnet is in the vicirniy of the 
kinescope. For example, if a loudspeaker 
were mounted too close to the picture 
tube the picture could be distorted as 
shown in Fig. 38-41. This could also 
happen if the cone of a metal kinescope 
becomes magnetized. 

KINESCOPE INTERNAL DEFECTS. 

38-15. — Internal defects in the pic-
ture tube include low emission from 
the cathode, shorts between elements, 
open filament, improperly positioned ele-
ments and elements disconnected from 
the pins on the tube base. 

Kinescope testing devices can be 
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purchased to be used for checking emis-
sion and for the presence of inter-element 
shorts. Some of the testing devices are 
accessories to the tube testers; others 
are self-contained units. It is possible 
with some of these instruments to test 
the kinescope while it remains installed 
in the cabinet. Generally, they test for 
shorts and leakage by applying a voltage 
across the tube elements. A current flow 
then indicates that a short is present. 
For instance, no current should flow be-
tween grid and cathode when a positive 
voltage is applied to the cathode. If a 
current is measured under these condi-
tions, a grid-to-cathode short is indicated. 
In some of these testers emission is 
tested by measuring the current flow from 
cathode to first anode with B plus applied 
to the first anode and the grid and cath-
ode grounded. No second anode voltage 
is applied. A certain current reading in 
microamperes then indicates proper emis-
sion for specific tube types. A lower 
reading indicates low emission. 

The test instruments provide a posi-
tive check for internal shorts, opens and 
emission. However, faulty kinescopes 
can also be recognized in other ways. 
We have already discussed means of 
troubleshooting the grid-cathode circuit. 
Low emission may show up as insuf-
ficient contrast in the picture. Another 
symptom of low emission is sometimes 

Normal Picture Silvery Picture 

referred to as a " silvery" picture. It is 
shown in the photograph of Fig. 38-42. 

Improperly positioned elements can 
make it difficult to obtain brightness or 

render proper centering impossible. When 
a kinescope will not "light up" although 
all the correct operating potentials are 
present, moving the ion trap far back on 
the plastic base of the tube sometimes 
results in the appearance of part of the 
raster at the edge of the tube face. This 
indicates that the elements are improper-
ly positioned. 

Opened filaments and other discon-
nected elements are frequently caused 
by an unsoldered connection in the pin 
on the tube base. If the filaments do not 
light in a new kinescope it is worth-
while to heat the filament pins and allow 
some solder to flow into them. 

Another symptom of a faulty kinescope 
is shown in the photograph of Fig. 38-43. 

Originally, the tube photographed had 
no brightness. The dark, smeared picture 
appeared when the ion trap was reposi-
tioned. This symptom is frequently en-
countered with glass kinescopes. If the 
neck of the tube is tapped, bright, white, 
horizontal streaks appear. Continuous 
tapping may also cause the tube to work 
properly again but this is only temporary. 

Smeared Dark Picture Due to Defective Kinescope 

Fig. 38-42 Fig. 38-43 
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PART I - THE FM SOUND CIRCUITS 

TYPES OF SOUND I-F CIRCUITS 

39-1. Two types of sound sections are 
in use: the split-sound system and the 
intercarrier system. 

Split-Sound System. — Figure 39-1 is a 
block diagram showing a split-sound FM 
sound section. The sound and picture 
signals enter the RF amplifier, heterodyne 
with the local oscillator signal, and ap-
pear at the mixer output as two intermedi-
ate-frequency signals s ep a r a te d by 
4.5 mcs. 

The sound signal is separated from 
the picture signal by a tuned circuit. The 
point at which it is separated, called the 
sound take-off point, may be located at 
the output of the mixer or at the output of 
one of the picture i-f amplifiers, usually 
the second. These take-off points are 
shown by the dotted lines in the diagram. 

The chief advantage of separating the 
sound and picture signals in the i-f am-
plifier is that, since the sound signal is 

r- -, -1 r 
1 r- f II ; 1 ri: mixer 
L amplifier 
 J Li- - -. —I 

r 1 i 
u r - f ; 
; 
1 oscillator : 
L   _; 

R-F section 

amplified with the picture signal, fewer 
sound i-f amplifiers are needed. 

The amount of amplification necessary 
before the sound signal can be applied to 
the FM detector depends upon how much 
it has been amplified in previous stages. 
The amplified i-f signal enters the FM 
sound detector section, in which it is 
converted to an audio-frequency signal. 
Two types of FM detectors are commonly 
used: the phase-shift discriminator, and 
the ratio detector, both of which were de-
developed by S. W. Seeley. 

To obtain the full advantage of fre-
quency modulation, the FM detector should 
not respond to variations in amplitude. 
The ratio detector automatically discrim-
inates against amplitude modulation. 
Phase-shift discriminators, however, are 
sensitive to changes in amplitude as well 
as frequency. To remedy this, the last 
stage of i-f amplification in receivers so 
equipped is designed to reject amplitude 
modulation. 

The audio-frequency signal passes 
through several stages of audio-frequency 
amplification, which amplify it sufficient-
ly to drive a loudspeaker. 

Intercarrier Sound System.— The inter-
carrier system differs from the split-sound 
system in several respects. In the inter-
carrier system, the sound signal is not 
separated from the video signal at the 
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mixer output, but is amplified with it in 
the picture i-f amplifier stages. This is 
shown in Fig. 39-2. 

Both signals are then fed to a second 
detector section, which functions as a 
corn bined video detector and second mix-
er. The video signals may range from 
30 cycles to 4 mcs, while the sound car-
rier is converted to 4.5 mcs. This 4.5 mc 
sound i-f is fixed by the transmitted car-
rier frequencies, and is an important char-
acteristic of the intercarrier sound system. 

The production of a second sound i-f 
signal is due to a heterodyning action in 
the second detector. The amplified sound 
and picture signals combine to produce a 
beat note. Since the difference in frequen-
cy between the two carrier frequencies is 
always 4.5 mc, the beat note is. also 4.5 
mc. A 4.5-mc tuned circuit couples the 
second sound signal into a 4.5-mc sound 
i-f amplifier. The take-off point may be at 
the output of the video detector or ampli-
fier stages. The amplified 4.5-mc sound 
signal is then applied to the FM detector. 

COMPARISON OF FM AND AM 

39-2. Picture or sound information can 
be transmitted by modulating the ampli-
iude or the frequency of a carrier wave. 
In amplitude modulation, or AM, the am-
plitude of the carrier wave is varied in 
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accordance with the amplitude variations 
of the modulating wave or signal. 

111111111[11111111111111111110111111 
(a) unmodulated carrier wave 

(b) low a- f signal (c) higher o- f signal 
of lower amplitude 

(d) resulting amplitude - modulated carrier wove 

Fig. 39-3 

Referring to Fig. 39-3a, note the con-
stant amplitude (indicated by the dashed 
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line) and the constant frequency of the 
unmodulated carrier wave. Suppose we 
modulate the carrier wave, first by a low 
audio-frequency signal (6), and then by a 
higher a-f signal of lower amplitude (c). 
Note the new characteristics of the carrier 
wave in (d). The variations in amplitude 
of the carrier wave ( shown by the dashed 
line) correspond exactly to those of the 
modulating signal. During the period when 
no modulation is applied, there is no am-
plitude variation in the carrier wave. 
When the modulating signal of higher fre-
quency and lower amplitude ( e) is applied, 
the carrier wave varies in accordance 
with that signal. 

There is, however, a limit to the am-
plitude of modulating signal that can be 
impressed upon the carrier wave. Exceed-
ing this limit results in over-modulation, 
and severe distortion. This is shown in 

Fig. 39-4. 
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(a) unmodulated carrier wove 

(b)o-f modulating signal (c) a-f modulating signal 
which will produce which will produce 
100% modulation over 

(d)100% modulated (e) over- modulated 
carrier wove carrier wave 

Fig. 39-4 

The carrier wave (a)in Fig.39-4 is first 
modulated by the modulating signal of (b). 
The resulting wave is that of (d). It is 
then modulated by a modulating signal of 
greater amplitude (c). The result is shown 
in (e); the carrier wave is interrupted, and 
severe distortion results. It follows, 
therefore, that a maximum amplitude of 
modulating signal exists. This maximum 
modulation is called 100 percent modu-
lation. 

In frequency modulation, information is 
impressed on a carrier wave by varying 
its frequency, the amplitude remaining 
constant. 

With no modulation applied to the car-
rier wave, its frequency is constant, and 
is called the center or resting frequency. 
Now, suppose that one complete cycle of 
an a-f modulating' signal is applied to a 
carrier wave. When the a-f signal is at 
zero volts (a-c ,cis) the carrier fre-
quency remains unchanged. However, when 
the a-f signal becomes increasingly posi-
tive, the carrier-wave frequency increases. 
As the a-f signal reaches its peak posi-
tive amplitude, the carrier wave reaches 
its highest frequency above center or rest-
ing frequency — its maximum deviation. 
As the a-f signal becomes decreasingly 
positive, the carrier wave follows with a 
decrease in frequency. When one-half of 
the a-f cycle is completed, the a-f voltage 
is instantaneously zero, and the carrier 
wave is at its resting frequency. As the 
a-f signal starts through its negative half-
cycle, the carrier wave decreases in fre-
quency. When the a-f signal reaches its 
maximum negative amplitude, the carrier 
wave reaches its lowest frequency below 
center frequency — again, its maximum 
deviation. This deviation above and below 
center frequency is called the carrier 
wave swing. The amount of deviation is 
directly proportional to the amplitude of 
the modulating signal. Note that there can 
be no over- modulation, since an extremely 
strong modulating signal can only cause 
greater deviation. 

Figure 39-5a represents a carrier wave 
at center or resting frequency. 

Figure 39-5e shows the effect of mod-
ulation by the signals of (b), ( c), and (d). 
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Note the increase of frequency of the 
carrier wave as the modulating signals 
become positive, and the decrease of fre-
quency as the modulating signals go neg-
ative. Since the amplitude of the modulat-
ing signal of (c) is greater than that of 
(b), there is greater deviation in the car-
rier wave. Since the frequency of the 
modulating signal of (d) is twice that of 
(b) or (c), the carrier wave deviates twice 
as rapidly. Note that the carrier wave, 
whether modulated or unmodulated, re-
mains constant in amplitude. 

REDUCTION OF INTERFERENCE 

39-3. The advantage of frequency mod-
ulation is its comparative freedom from 
noise interference, whether within the 
receiver or from external sources. 

Receiver Noise. — The noise pulses 
produced internally in any receiver may 
be divided into two general classes: those 

39-5 

caused by thermal agitation and those 
caused by shot effect. Thermal agitation 
is the random motion of free electrons 
caused by thermal action in all electrical 
conductors. This motion generates a low-
amplitude voltage over a wide range of 
frequencies. Shot effect is due to the 
slight variations of plate current and the 
irregular flow of electrons from cathode 
to plate which occur in all vacuum-tube 
circuits. Flowing through the plate-load 
impedance, these current variations de-
velop a voltage which appears as noise. 

Receiver noise is present in both AM 
and FM receivers. However, since most 
interference is in the form of amplitude 
variations, and the FM carrier wave cor-
responds to the modulating signal by 
variations in frequency, interference is 
held to a minimum in FM receivers. 

External Noise. — Interference from 
external sources is often more undesirable 
than receiver noise. Ignition, electrical 
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appliance, and atmospheric noise pulses 
may at times completely prevent AM re-
ception. FM receivers, however, often 
attenuate these interfering signals much 
more completely because they reject am-
plitude modulation. 

Station Interference. — Interference may 
occur from stations operating on the same 
channel or on adjacent channels. In the 
AM system, a station with an amplitude 
only slightly greater than that of another 
on the same channel can cause serious 
interference. In the FM system, a much 
greater amplitude is required to produce 
objectionable interference. Thus FM re-
ceivers are usually less subject to such 
interference. 

Noise, Pre-Emphasis and De-Emphasis. 
— In spite of the reduction in interference 
afforded by FM systems, some noise 
pulses appear, especially in the upper 
audio-frequency range. Since noise in this 
part of the spectrum is particularly annoy-
ing, a means of attenuating it is provided. 
FM systems achieve this by increasing 
the amplitude of higher audio frequencies 
in the modulating stages of the transmit-
ter. This is called pre-emphasis. A de-
emphasis circuit in the receiver reverses 
the process, and as the signal is reduced 
to its original amplitude, the accompany-
ing high audio-frequency noise pulses are 
also reduced. 

PRODUCTION OF FM 

39-4. An FM carrier wave can be pro-
duced by frequency-modulating a sine-
wave oscillator. The oscillator generates 
a steady sine- wave voltage, the frequency 
of which is determined by the combination 
of inductance and capacitance of the tank 
circuit. The frequency of oscillation is 
determined by the formula, f = 1/2 71. V LC, 

where f = frequency in cycles per second, 
L = inductance in henries, and C = capac-
itance in farads. 

Thus, if either the inductance or the 
capacitance decreases, the frequency of 
oscillation increases. Conversely, an in-
crease of inductance or capacitance 
causes a decrease in oscillator frequency. 

Elementary FM Oscillator. — To fre-
quency modulate an oscillator, its induct-
ance or capacitance must be varied in 
accordance with the intelligence to be 
transmitted. For example, suppose we 
modify an oscillator by the addition of a 
capacitor microphone across the tank 
circuit, as shown in Fig. 39-6. 

bock plate 1 capacitor 
microphone 

 diaphragm 

Fig. 39-6 

The capacitor microphone consists of 
an immovable, metallic back plate, and a 
flexible, metallic diaphragm, separated by 
an air dialectric. The resonant frequency 
of oscillation is determined by the induct-
ance of the tank circuit and the sum of 
the two capacitances in parallel ( that of 
the tank circuit and that of the micro-
phone). 

When sound waves strike the capacitor 
microphone, the diaphragm vibrates to-
ward and away from the fixed plate. This 
movement of the diaphragm causes the 
total capacitance to increase and de-
crease, which in turn causes the frequency 
of oscillation to increase and decrease. 
For example, a sound wave of 1,000 cy-
cles per second will cause the FM carrier 
wave to swing 1,000 times per second. A 
sound wave of the same frequency, but of 
greater amplitude, will also cause the 
carrier wave to swing 1,000 times per 
second, but the amount of deviation will 
be proportionally greater. That is, the 
frequency of the carrier wave deviates at 
the same rate as that of the modulating 
signal, and is proportional to the ampli-
tude of the modulating signal. 

REACTANCE TUBE CIRCUITS 

39-5. A reactance-tube circuit is a 
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vacuum-tube circuit which can be designed 
to display either inductive or capacitive 
reactance. This reactance can be varied 
by a change in control grid voltage. 

The reactance-tube modulator consists 
of a reactance tube placed across the 
oscillator tank circuit. The frequency of 
the oscillator can be varied in accordance 
with a modulating signal by varying the 
reactance of the modulator. 

Fig. 39-7 

Figure 39-7 is a schematic of a reac-
tance-tube modulator, placed across a 
sine-wave oscillator. A pentagrid type 
tube is used. Referring to the diagram, GI 
is a quadrature or out- of-phase grid which 
operates in conjunction with the resistor-
capacitor branch. G3 is the control grid. 
G2 and G4, connected internally, form the 
screen grid, shielding the control grid 
from the quadrature grid. G5 is the sup-
pressor. 

Resistor R and capacitor C, compris-
ing the R-C branch, are connected in 
series. The reactance of C is computed 
at the frequency of the oscillator, and is 
at least ten times as great as the resist-
ance. Because of this large proportion of 
reactance to resistance, the R-C branch 
appears capacitive to the a-c voltage of 
the oscillator. 

Examination of the figure shows that 
the sine-wave voltage of the tank circuit 
is placed across the R-C branch and 

across plate and ground of the reactance 
tube. Cb, which has only negligible reac-
tance, serves as a d-c blocking capacitor. 

The phase relationship of voltage and 
current are shown in Fig. 39-8. 

(a) oscillator voltage 

(b) current in R-C branch 

(c) voltage across R 

(d) plate current 

Fig. 39-8 

The oscillator a-c sine- wave voltage 
(a) is used as a reference voltage. It is 
placed across the R-C branch, and results 
in an alternating current (b) which leads 
the reference voltage by 90 degrees. The 
voltage across R (c) is in phase with the 
current, and therefore leads the reference 
voltage by 90 degrees. Since this voltage 
is the quadraturegrid voltage, and is ap-
plied to GI and ground, the plate current 
(d) is in phase with it. Therefore, the 
plate current leads by 90 degrees the 
reference voltage. Note that ( 1) the refer-
ence voltage is placed across plate and 
ground of the reactance tube, and ( 2) the 
plate current through the tube leads the 
reference voltage by 90 degrees. This 
shows that the tube exhibits a capacitive 
reactance. 
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Variation of Reactance and Oscillator 
Frequency. - The reactance of the tube 
is equal to the a-c reference voltage di-
vided by the a-c plate current. A change 
in either of these will therefore change 
the reactance. The oscillator voltage, 
used as a reference, remains constant; 

therefore the a-c plate current is varied. 
The control-grid voltage determines how 
much of the a-c plate current created by 
the quadrature grid finally reaches the 
plate. A negative-going control voltage 
will decrease the a-c plate current and 
increase the reactance. This causes the 
apparent capacitance to decrease ( since 
capacitive reactance is inversely propor-
tional to capacitance) or the apparent 
inductance to increase ( since inductive 
reactance is directly proportional to in-
ductance), depending upon the type of 
reactance tube used. This in turn causes 
the frequency of the oscillator to increase 
or decrease. A positive-going control grid 
voltage has the opposite effect. The 
change of reactance ( and therefore fre-
quency) due to a change in control- grid 
voltage should be linear. To effect this, 
the control voltage should be biased at 
the middle of the ii,-eG3 curve and the 
change in control vóltage limited to the' 
linear portion of the curve. Cathode bias-
ing is used to set the operating point in 
the middle of the linear portion of the 
curve. 

An a-f voltage placed across control 
grid and ground will then produce an FM 
wave. The rate of frequency change 
will be that of the a-f voltage, and the 
deviation will be proportional to the am-
plitude of the a-f voltage. 

Inductive Reactance Tube. - We have 
seen that a reactance tube may display 
capacitive reactance. It is also possible 
for a reactance tube to display inductive 
reactance. Such a circuit is shown in 

Fig. 39-9. 

Comparing this circuit with the capaci- 
(d) plate current 

tive-reactance tube circuit of Fig. 39-7, 
note thRt there is only one difference: R Fig. 39-10 
and C -.e interchanged. The ratio of re-
sisaànce to reactance in the R-C branch branch appears resistive to an a-c volt-
(calculated at oscillator frequency) is ten age. Follow the relationship of each volt-
to one or greater. Therefore the R-C age and current in Fig. 39-10, as we 

Fig. 39-9 

(a) oscillator voltage 

(b) current in R-C branch 

(c) voltage across C 
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discuss the inductive- reactance tube 
circuit. 

The oscillator voltage ( Fig. 39-10a) is 
applied to the reactance tube ( plate and 
ground) and the R-C branch. The current 
(b) flowing in the R-C branch is resis-
tive and in phase. The voltage across C 
(c) lags by 90 degrees the current through 
C. This voltage is applied to the quadra-
ture grid. The plate current (d) is there-
fore in phase with the quadrature grid vol-
tage. Since the a-c plate current lags the 
a-c plate voltage, the tube possesses in-
ductive reactance. 

Thus, a reactance tube can be de-
signed to display either inductive or 
capacitive reactance. And since the reac-
tance can be varied in accordance with 
information to be transmitted, the reac-
tance tube can be used as an FM 
modulator. 

PR INC PLES OF FM DETECT l ON 

39-6. The FM carrier wave is modu-
lated by varying its frequency in accord-
ance with the amplitude of the modulating 
signal, at a rate corresponding to that of 
the modulating signal. The FM detector 
must reverse this process, and furnish an 
output voltage which follows the varia-
tions of the original modulating signal in 
amplitude and rate of change. 

The simplest method of doing this is 
by slope detection. A sound i-f amplifier 
is aligned to operate on the slope of its 
response curve, producing an output which 

varies in amplitude in accordance with 
the changing frequency of the incoming 
signal. This amplitude-modulated wave is 
then passed through an AM detector, 
which filters out the carrier wave. 

A BC frequency 

Fig. 39-11 

Figure 39-11 shows the over-all re-

sponse curve of a typical sound i-f ampli-
fier. It is so aligned that the center fre-
quency of the sound i-f signal is on the 
center of one slope — in this case, the 
low- frequency slope. When the signal is 
at center frequency .6 , the corresponding 
output voltage is represented by B'. If the 
signal frequency decreases to A, the out-
put voltage decreases to A'. If the fre-
quency of the signal increases to C, the 
output voltage increases to C'. 

(a) a-f modulating signal 

A 8 
11-"T ri p 

inn 
(b) F-M carrier wave modulated by (a) 

(c) amplitude variations some as (a) 

due to slope detection 

Fig. 39-12 

A 

8\ 

B' 

Figure 39-12a represents an a-f modu-
lating signal. Impressed on an FM carrier 
wave, it produces the modulated wave of 
(b). The letters A, B, and C represent 
frequencies below, at, and above center 
frequency. This modulated wave is passed 
through a sound i-f amplifier aligned to 
operate on its slope, as explained above. 
The output of the amplifier is the wave of 
(c). Note that frequency variations (A,B,C) 
have become amplitude variations 
(A', B', C'). This amplitude-modulated 
wave is passed through an AM detector, 
the output of which is the original modu-
lating signal. 

Slope detection has twodieadvantages. 
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It offers no provision for rejection of un-
desired amplitude modulation, and, since 
the slope is not linear, a strong modu-
lating signal may produce distortion. For 
these reasons, slope detectors are no 
longer used in TV sound systems. It is 
important to note, however, that slope 
detection can cause the FM sound signal 
to be detected in the AM picture i-f sec-
tion of a receiver, producing audio signal 
in the video amplifier and the resultant 
sound bars in the picture. 

MINIMIZING AMPLITUDE MODULATION 

39-7. — An FM carrier is constant in 
amplitude when transmitted. However, by 
the time it reaches the detector of the 
receiver, its amplitude may no longer be 
constant. If a detector which responds to 
amplitude modulation is used, the output 
will contain not only the signal but any 
noise pulses or other interfering signals 
accompanying it. To suppress such .AM 
interference, the last i-f amplifier stage 
may be operated as a limiter. 

noise 
pulses 

rr 

input 

(0) (b) 

amplitude of signal 
allowed to pass 

circuit 

Fig. 39-13 

\AUI UV_ 

\ illy 

output 

(c) 

How a limiter effectively removes am-
plitude modulation from an FM carrier 
wave can be seen in Fig. 39-13. The am-
plitude of the FM carrier wave (a) has 
been varied by noise pulses, as shown. 
However, the limiter circuit (b) rejects 
amplitudes beyond the limits shown by 
the dashed lines. The remainder of the 
signal is amplified, and the output volt-
age is of constant amplitude, as shown 
in (c). 

The characteristics of a limiter cir-
cuit are: the use of a sharp cut-off pent-
ode tube, grid- leak or signal bias, and 
low screen-grid and plate voltages. The 
amplitude of the input signal voltage must 

be great enough to c ause plate satura-
tion, and also greater than the grid cut-off 
voltage of the tube. 

Figure 39-14 is the schematic of a 
limiter circuit; it is the last i-f amplifier 
stage preceding the discriminator.T111 is 
a tuned interstage transformer which has 
the necessary bandwidth to pass an FM 
i-f signal ( more than 50 kc). The band-
width is determined by the Q of the pri-
mary and secondary, and the mutual cou-
pling between them. The tuned primary is 
connected in the plate circuit of the 
preceding i-f amplifier, and offers maxi-
mum impedance to the i-f current. Con-
sequently, the i-f plate current develops 
a maximum voltage across the primary, 
and by transformer action a voltage is 
induced in the tuned secondary. The i-f 
signal which appears across the second-
ary is the grid signal voltage for the 
6AU6. Grid- leak bias is used, the bias 
voltage appearing across R186 and C222. 

The bias is self-adjusting for signals 
of different amplitudes, permitting the 
positive tip of the signal voltage to drive 
the grid slightly positive. When the sig-
nal voltage first appears at the input cir-
cuit of the tube, the bias voltage across 
R 186-C222 is zero volts, and the grid is 
driven positive to the maximum value of 
the signal voltage. The grid current which 
is drawn charges C222. The voltage de-
veloped across C222, the bias voltage, 
is always approximately equal to the 
maximum value of the incoming positive 
signal voltage. Within a few cycles of 
operation, equilibrium is established, and 
the positive tip of the signal voltage 
draws enough grid current to keep the 
bias voltage equal to the existing maxi-
mum signal voltage. If the signal voltage 
increases, a greater grid current flow 
charges C222 to a higher voltage, in-
creasing the bias. In any case, only the 
most positive tip of signal voltage can 
drive the grid positive. This self-adjust-
ment depends upon the time constant of 
R186-C222, which is • usually from one to 
five microseconds. The time constant for 
the circuit of Fig. 39-14 is 2.2 microse-
conds. 

The stage is operated Class C, since 
plate current flows for less than 180 
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TII2 
sound 

discriminator transformer 
1 

from 
i-f amplifier 

T -6.4116 

sound i-f transformer 

R /86 
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C 222 
100 

+110 v 

1- 76v 

Fig. 39-14 

degrees of .the signal voltage a-c cycle— 
during the shaded portion of the grid- sig-
nal curve of Fig. 39-15. As long as the 
amplitude of the signal voltage is greater 
than the cut-off voltage of the tube, the 
pulses of plate current are constant. 
Reference to Fig. 39-15 shows that it is 
the area of the grid signal voltage before 
cutoff which determines the amount of 

transfer 
characteristic 
curve 

cut-off 

1 
ec (grid voltage)   

R188 
12 K 

tM 
C 171 

1 1500 

R 187 
47K 

sound 
disc 

  J 

C 172 
11500 

R189 
1K 

+120 v 

plate current flow. If the signal voltage 
increases, plate- current saturation re-
sults. If the signal voltage decreases, the 
bias voltage readjusts itself so that only 
the positive tip of signal voltage will 
draw plate current. Note in the figure that 
all amplitudes of signal voltage have 
approximately the same area of plate-
current conduction. This holds true only 

plate current 

2. 

bias voltage approaching 
class C operation 

// 

C-
  C) 

Fig. 39-15 

operating bias voltage 
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so long as the circuit operates Class C. 
If the signal voltage becomes so weak 
that the tube no longer operates Class C, 
proper limiting is not obtained. 

The constant pulses flow through the 
tuned primary of T112 ( the sound dis-
criminator transformer), and a constant-
amplitude sine- wave voltage is developed, 
due to the electrical fly- wheel effect of 
the tank circuit. The instantaneous fre-
quency of the output voltage is the same 
as that of the grid signal voltage. 

ib 

40 

1. voltage needed to 
-  saturate tube 

‘9, 

vcielloge needed to 
saturate tube 

Fig. 39-16 

The higher the screen-grid and plate 
voltages, the greater amplitude of signal 
voltage is required to cause saturation 
and develop a bias voltage greater than 
cutoff. Referring to Fig. 39-16, which 
shows two transfer characteristic (ib-ec) 
curves, it is apparent that lower screen-
grid and plate voltages require less grid 
signal voltage for saturation and Class C 
operation. Consequently, the values of 
plate and screen-grid voltage are de-
termined by how much the signal has 
been amplified. 

To maintain a constant screen- grid 
voltage, a voltage-divider network ( R187-
R188 in Fig. 39-14) is used. If a series 
screen-grid dropping resistor were used, the 
the screen-grid voltage would tend to vary 
with signal voltages of different amplitudes, 

causing the gain of the stage to vary. 
C171 is a screen- grid bypass capacitor. 
R189-C172 is a decoupling network which 
maintains constant screen-grid and plate 
voltages and prevents i-f signals from af-
fecting other circuits through the common 
impedance of the power supply. 

Cathode bias may be used in addition 
to grid- leak bias, to protect the tube a-
gainst excessive plate current which 
might occur with no incoming signal volt-
age. 

Since the grid- leak bias is produced by 
the rectified signal, the presence of bias, 
as shown by measurement with a d-c 
voltmeter, indicates the presence of an 
a- c signal. 

PHASE-SHIFT DISCRIMINATOR 

39-8. — The function of the discrimina-
tor is to develop: ( 1) a posi t.- output 
voltage proportional to increase in fre-
quency of the carrier wave, ( 2) a nega-
tive output voltage proportional to de-
crease in frequency of the carrier wave, 
and ( 3) zero voltage at center frequency 
of the carrier wave. Before determining 
how an a-f voltage is produced by the 
discriminator, let us review the proper-
ties of a tuned transformer. 

Ip 

Fig. 39-17 

Transformer Theory. — Figure 39-17 
represents a typical tuned transformer. 
A source of voltage, Ep, is applied to 
the tuned primary. This is the reference 
voltage. Its frequency is the resonant 
frequency of the transformer. The primary 
current, 1, lags the reference voltage by 
9) degrees. This current induces a volt-
age in each turn of the secondary, and 
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the sum of these voltages is indicated by 
the voltage Ein. However, this is not the 
output voltage of the secondary. Rather, 
it should be considered as a generator 
forming part of a series-resonant circuit 
composed of the coil L., its small inter-
nal resistance Rs, C, and Ein. At reso-
nance the secondary current Ls, is in 
phase with Ein. The voltage across C 
(E a) lags Is by 90 degrees.E e is the out-
put voltage of the secondary circuit. 
Thus at resonant frequency Ec leads E p 

by 90 degrees. This is shown in Fig. 
39-18a. 

(a) at resonant frequency of transformer 

(b) above resonant frequency of transformer 

(c) be/ow resonant frequency of transformer 

Fig. 39-18 

Now, let the frequency of Ep be in-
creased. The voltage induced in the sec-
ondary still lags the current in the pri-
mary by 90 degrees, but since the sec-
ondary circuit is inductive for voltages 
above resonant frequency, I. lags Ein by 
an amount proportional to the increase in 
frequency. Therefore, Ec leads Er, by less 
than 90 degrees. This is shown in Fig. 
39-I8b. 

If the frequency of Ep is lower than 
the resonant frequency of the transformer, 

the reverse occurs; the secondary be-
comes capacitive, Is leads E and Ec 
leads Ep by more than 93 degrees. This 
is shown in Fig. 39-18c. 

In short, a voltage of varying frequency 
on the primary of a tuned transformer 
produces an output with a phase dis-
placement proportional to the variations 
of the input frequency. If the input volt-
age is an FM carrier, wave, with its 
center frequency that of the resonant 
frequency of the transformer, the output 
voltage corresponds in phase angle to 
the variations in frequency of the carrier 
wave. 

from last 
i-f amplifier 

et 

Fig. 39-19 

Phase- Shift Discriminator. — Figure 
39-19 is the schematic of a phase-shift 
discriminator. T, the sound discrimina-
tor transformer, is the same as the tuned 
transformer discussed above save for the 
center-tapped secondary coil. The output 
of the last i-f amplifier, which is opera-
ted as a limiter, is developed across the 
primary of T. The lower end of the pri-
mary is at ground potential for i-f volt-
ages, because of the low reactance of C4 
at intermediate frequencies. Resistor R3 
may be considered to be across the pri-
mary, since the reactances of C3, C2, 
and C4 are negligible to i-f. Hence E is 

p 

also developed across R3. In some dis-
criminators this resistor is replaced by 
an inductor. 

The discriminator is composed of two 
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half-wave rectifier circuits, each having 
two sources of voltage. In the upper sec-
tion, the voltage of the upper half of the 
coil, El, is in series with Fp across R3, 
and both voltages are in series with the 
diode and the load- filter R1-C1. In the 
lower section, the voltage of the lower-
half of the coil, E2, is in series with Ep 
across R3, the diode, and R2-C2. 

Er» 

(a) 
E02 

E2 

Operation at Center Frequency. — The 
voltage .(E1) induced in the upper half of 
of the secondary of T is 180 degrees out 
of phase with the voltage induced in the 
lower half ( E2). Figure 39-20a shows 

and El vectorially added to produce ED 
Fig. 39-206 shows Fb and E2 added 

to produce ED2. Note ihe 180-degree 
phase reversal of El and E2. Assuming, 
for the moment, that El, E2, and Fi, are 
of equal amplitude, ED 1 and ED2 must al-
ways be equal in magnitude, although Ep 
is not equal to either. 

When two phase-displaced sine-wave 
voltages of equal amplitude and the same 
instantaneous frequency are added vec-
torially, the result is a sine-wave voltage 
of the same frequency but with a phase 
midway between the original voltages. 
The sum of two sine-wave voltages of 
equal instantaneous frequency but 180 
degrees apart in phase is zero. Con-
versely, two sine-wave voltages of the 

same instantaneous frequency, in phase 
with each other, produce a voltage twice 
that of one alone. Two sine-wave voltages 
of the same instantaneous frequency 
phased 90 degrees apart produce a volt-
age 1.41 the strength of one alone, with 
a phase midway between the two. As the 
sine-wave voltages become increasingly 
in phase, the resultant voltage increases, 
and as they progress increasingly out of 
phase, the resultant voltage decreases. 

In Fig. 39-20a, ; and El are sine-
wave voltages of equal amplitude and 
frequency, phase-displaced by 90 de-
grees. The sum voltage is Em , which 
has an amplitude of 1.41 of either ; or 
El. ED' is rectified by D1 ( Fig. 39-19) 
and a d-c voltage appears across R1-C1, 
with the polarity shown. 

ED2 of Fig. 39-206 isnthe sum of El, 
and E2, which are of etulal amplitude and 
frequency, phase-displaced by 90 de-
grees. ED2 is equal to ED'. D2 rectifies 
ED2 (Fig. 39-19), and the d-c voltage of 
the indicated polarity appears across 
R2-C2. Cl and C2 filter the ripple volt-
age at i-f. Since the discriminator is a 
balanced circuit, and ED, equals ED2 at 
the center frequency, the voltage drops 
across R1-C1 and R2-C2 are equal and 
opposite. The voltage across A and B — 
the output of the discriminator — is zero 
at center frequency. 

(b) 

(a) 

Ep E02 

Fig. 39-21 
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Operation Above Center Frequency. — 
Above center frequency the phase differ-
ence between Ep and Ec is less than 90 
degrees. Figure 39-21a shows the phase 
relationship between El and ; of the 
upper section of the discriminator, and 
(b) the relationship between E2 and ; 
of the lower section. El and E2 are of 
equal amplitude, but 180 degrees out of 
phase. Note thatEl and Eh of (a) are out 
of phase by less than 90 degrees. There-
fore, the vector sum ED is greater than 
at center frequency, and the voltage drop 
across R1-C1 is correspondingly greater. 
Also note that E2 and ; (b) are out of 
phase by more than 90 degrees, the vector 
sum Ern is less than at center frequency 
and the voltage across R2-C2 is also 
less. Since the voltage drop across R1-C1 
increases, and the voltage drop across 
R2-C2 decreases, the output is positive 
above center frequency. 

(b) 

Fig. 39-22 

Operation Below Center Frequency. — 
When the frequency of the FM carrier 
wave, or ;, decreases, the voltage drop 
across R1-C1 decreases and the voltage 
drop across R2-C2 increases. The out-
put voltage is therefore negative at fre-
quencies below center frequency. Phase 
relationships are shown in Fig. 39-22a. 

Em is less than at center frequency, and 
the voltage drop across R1-C1 is cor-

respondingly less. The reverse is true in 
(b). The result is a negative output volt-
age. 

Discriminator Response. — Operation 
of the discriminator has been discussed 
in terms of three separate frequencies; 
above, below, and at center frequency. 
Actually though, for each instantaneous 
change of frequency of the FM carrier 
wave, there is a corresponding change 
in output voltage. Thus, for a carrier 
wave deviating at an a-f rate, an a-f volt-
age appears across the output of the dis-
criminator. 

S 
curve 

decreasing 
fre uenc 

Fig. 39-23 

output 
voltage 

increasing 
I freluen  

center 
frequency 

sine- wave variation 
of frequency 

Figure 39-23 shows a typical dis-
criminator or "S" curve. The curve il-
lustrates the following characteristics 
of discriminators: 

(1) At center frequency the output is 
zero. 

(2) For a frequency increasing from 
center frequency, the output is increas-
ingly positive up to a limiting point. 

(3) For a frequency decreasing from 
center frequency, the output is increas-
ingly negative up to a limiting point. 

Beyond a maximum point of deviation 
in either direction, distortion or spurious 
responses are obtained. After a certain 
limit, the discriminator response tapers 
off to zero, since the tuned transformer 
cannot respond to voltages considerably 
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removed from the resonant frequency of 
the transformer. 

Discriminator Response to Amplitude 
Modulation. — An undesirable feature of 
the discriminator is its response to am-
plitude modulation at frequencies other 
than the center frequency. Referring to 
Fig. 39-21a an,d b, if E increases, El 
and E2 will increase correspondingly. 
Therefore, EDI and ED2 , after rectifica-
tion by DI and D2, will develop pro-
portionally greater voltage drops across 
R1-C1 and R2-C2. The same condition 
occurs below center frequency. Amplitude 
modulation of the carrier wave must 
therefore be removed before the carrier 
reaches the discriminator. This is ac-
complished by a limiter. 

De- Emphasis Circuit. — As explained 
earlier, the higher a-f signal voltages are 
pre-emphasized at the transmitter, to aid 
in suppressing interference. A de-empha-
sis circuit is therefore necessary, to re-
duce these signal voltages to their ori-
ginal strength. A simple low-pass RC 
filter is used, placed as shown in Fig. 
39-24a. 

from 
discriminator 

tube 

output of 
discriminator 

• 
 wAf_._21.H1  _ 

to o-f 
amplifier 

de-emphosis 
circuit 

(a) 

(b) 

Fig. 39-24 

to a-f amplifier 

The input of the filter is connected to 
the output of the discriminator (points 
A and B). The output of the filter is 
taken off capacitor C and applied to the 
input of the a-f amplifier, usually at the 
ungrounded end of the volume control. 
Referring to Fig. 39-24h, assume that a-c 
generator G produces a constant voltage 
of varying frequency. The generator, ca-
pacitor C, and resistor R form a series 
circuit. As the frequency of the generated 
voltage increases, the reactance of C de-
creases, resulting in less voltage drop 
across C. The time constant for this de-
emphasis filter is about 75 microseconds. 
Practical values for the resistor and ca-
pacitor are 38,000 ohms and .002 mf. 

THE RATIO DETECTOR 

39-9. — The phase-shift discriminator 
provides efficient FM detection. How-
ever, it is responsive to amplitude varia-
tions. Another type of FM detector, the 
ratio detector, has the ability to reject 
noise pulses and other amplitude varia-
tions in the FM carrier wave. 

I. 

from plate 
last i-f amplifier 

Lp 

8# mulucd 
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Ratio Detector Circuit. — The basic 
circuit of a ratio detector is shown in 
Fig. 39-25. The transformer, T, has a 
tertiary winding, Lo closely coupled to 
the primary. This causes the primary 
voltage to be developed across Lt as well 
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as across the secondary. Note that the 
two diodes are so connected that they are 
effectively in series. Capacitor C3 ( about 
8 mf) and resistors R1 and R2 form a 
filter circuit with a comparatively large 
time constant, which is important in re-
jecting noise pulses, amplitude modula-
tion, and other AM interference. The a-f 
output voltage is taken off between point 
C and ground (the center tap of R1 and 
R2). Z can be considered as the ratio-
detector load. 
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Principles of Operation. — Figure 
39-26 is an equivalent circuit of the ratio 
detector. Ed represents the vector sum of 
the primary voltage E, across Lt and El, p  
the upper-half secondary voltage. E2 

represents the vector sum of Fsp and E2, 
the lower-half secondary voltage. Ed and 
E 2 are rectified by D1 and D2 and charge 
Cl and C2. Batteries A and B are the 
equivalent of capacitor C3 and resistors 
RI and R2. The two resistors, being 
equal in value, divide the voltage of C3 
equally. The voltage across RI and R2 
may be considered as momentarily con-
stant, and therefore is represented by 
batteries A and B. 

The output of the ratio detector de-
pends upon the ratio of the voltages 
applied to the diodes. For example, at 
center frequency Ed and E2 are at a ratio 
of 5 volts to 5 volts, or 1 to 1. With this 
unity ratio, the output of the ratio de-
tector is zero. At instantaneous devia-
tions above center frequency, Ed is 
greater than Ea , and this ratio produces 
a positive voltage output at the ratio 
detector. At instantaneous deviations 

below center frequency, Ed is less than 
E2 , and a negative voltage is produc ed v 
at the output of the ratio detector. Thus, 
an FM carrier wave deviating at an a-f 
rate will cause the ratio of Ed to E2 to 
vary at that a-f rate, resulting in an a-f 
voltage across the output. 

Operation. — Referring to Fig. 39-25, 
the ratio of Ed to E2 must always equal 
the ratio of Eci to Ea . This is true be-
cause capacitor Cl charges from Ed 
(through current Id, and capacitor C2 
charges from E2 (through current 12). 
Therefore, the charges in capacitors Cl 
and C2 are always proportional to volt-
ages Ed and E2. Also, the sum of Ea 
and E2 always equals the voltage across 
capacitor C3. This is true because Cl 
and C2 are in series, and in parallel with 
capacitor C3. The voltage across the 
terminals of any parallel circuit is the 
same anywhere in the circuit. Also, the 
voltage developed across capacitor C3 
is derived, to a considerable extent, from 
the voltages El and E2 (through current 
13). 
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Fig. 39-27 

Operation at Center Frequency. — Re-
ferring to Fig. 39-27a, the total input 
voltage, Ed, plus Ev2 , has a peak value of 
10 volts, Ed and E2 being equal. As-
suming no losses, capacitor Cl will 
charge (due to current 1/) to the peak 
value of Ed or 5 volts, and capacitor C2 
will charge (due to current 12) to the 
peak value of E2, or 5 volts. Capacitor 
C3 of Fig. 39-25 will charge (mainly 
through 13) to the peak value of the two 
voltages, or 10 volts. The voltage drops 
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across resistors« R1 and R2 are each 5 
volts, hence the two 5- volt batteries in 
the equivalent diagram. An output volt-
age is only developed when a current 
flows through Z, the input impedance of 
the amplifier. Due to the 5 volts across 
capacito- Cl, and the 5 volts across 
battery A, both of the same polarity, no 
current flows through Z. The same is 
true of C2 and battery B; therefore, the 
output voltage is zero. 

DI 

4  
Ec,6vI_1 il 

5v =-:4 

z   -/-  ± 

— C2 5v =-. 8 
Ec2,413 i if 
t   

(b) 

Fig. 39-27 

Operation Above Center Frequency. - 
Figure 39-27b represents the circuit with 
an instantaneous deviation of the carrier 
wave above center frequency. Assume 
that Ed is 6 volts peak, and E2 is 4 
volts peak, charging capacitors Cl and 
C2 to 6 and 4 volts respectively. Due to 
the large time constant of capacitor C3 
and resistors R1 and R2 ( Fig. 39-25), 
batteries A and B of the equivalent cir-
cuit remain at 5 volts each. Since battery 
A is at 5 volts and capacitor Cl is charged 
to 6 volts, current la will flow through Z, 
making point C positive with respect to 
ground. Also, since battery B has a 
higher voltage than capacitor C2(4 volts), 
current lb will flow through R3, again 
making C positive with respect to ground. 
Since the output voltage is proportional 
to the ratio of voltages E1 and E2, and 
the ratio of the two voltages is propor-
tional to the frequency deviation of the 
carrier, the output voltage is proportional 
to deviation of the carrier. 

Operation Below Center Frequency. - 
Figure 39-27c represents the circuit with 
an instantaneous deviation below center 
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Fig. 39-27 

frequency. Assume that Evi. and E 2 are 
4 and 6 volts peak, respectively. If no 
lo -; ses are assumed, the large time con-
stant of capacitor C3 and resistors R1 
and R2 results in 5 volts across each 
battery. Since battery A has a higher 
voltage (5 volts) than c apacitor Cl (4 
volts), current la will flow through Z, 
causing point C to be negative with re-
spect to ground. And, since E2 (6 volts) 
is higher than battery B (5 volts), current 
lb will flow, also making point C nega-
tive with respect to g round. Therefore, 
the output voltage is negative below 
center frequency. 

Thus a deviating FM carrier wave 
causes a changing ratio of E1 to Ev2 , 
which creates an a-c output with a fre-
quency equal to the rate of deviation of 
the carrier, and an amplitude proportional 
to the deviation of the carrier. 

Amplitude Rejection ip the Ratio De-
tector. - The output across C3 depends 
upon the voltages in Cl and C2, and the 
sum of these voltages can never be great-
er that that across C3. If noise pulses of 
greater amplitude than t hat of the signal 
are received, they tend to charge C3 to a 
greater value. However, since the noise 
pulses are of short duration, and the 
capacitance of C3 is relatively large, the 
increase in voltage across C3 is neglig-
ible. If the voltage across C3 rehiains 
constant, the sum of the voltages of 
capacitors Cl and C2 cannot increase, 
since they are in parallel with C3. If the 
voltages in capacitors Cl and C2 cannot 
change, the output voltage cannot change. 
In this way sudden amplitude variations 
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in the carrier are effectively "absorbed" 
by capacitor C3. The time constant of C3 
and resistors R1 and R2 is fairly large, 
about 0.1 or 0.2 second. This time con-
stant, which is greater than the duration 
of most noise pulses, is not readily af-
fected by impulse noises or any rapid 
changes in the carrier-wave amplitude. 
If the carrier operating level changes, 
the voltage across the R1- R2-C3 branch 
readjusts to another operating value. 

Audio De-Emphosis. — Impedance Z 
across C and ground of Fig. 39-25 con-
sists of the input impedance of the a-f 
amplifier and the . de-emphasis network. 
The de-emphasis network operates as ex-
plained before. 

FM SOUND SYSTEMS 

39-10. The FM sound section can be 
subdivided into the following sections: 

(1) Sound take-off 
(2) FM sound i-f amplifier section 
(3) FM detector 
(4) Audio section 

Split Sound System. — The FM sound 
section circuit of a typical split-sound 
system receiver is reproduced in Fig. 
39-28. The sound take-off circuit can be 
located in the output of the mixer, or the 
output of the first or second picture i-f 
amplifier. In this case, it is in the out-
put of the mixer. The primary to T2 is 
peaked to 21.8 mc, and is part of the 
stagger-tuned picture i-f section. The 
secondary, tuned to 21.25 mc, serves two 
purposes. It extracts the FM i-f signal 
and channels it into the FM sound sec-
tion, and also prevents the i-f signal 

from continuing into the picture i-f am-
plifier section. The sound take-off cir-
cuit is also called a sound trap. To re-
duce loading in the primary circuit, the 
full input impedance of the first sound 
i-f tube is not placed across the entire 
secondary, but only a portion of it. 

The first sound i-f amplifier is a con-
ventional i-f amplifier. Transformer cou-
piing is used for both the input and out-
put. As in most high-frequency trans-
formers, T2 and T111 are slug tuned. 

Cathode or self- biasing is used; bypass 
condenser C189 maintains a constant 
bias voltage across R212. R213-C191 is 
a decoupling network, and isolates the 
stage from the common impedance of the 
power supply. 

That part of the FM i-f signal voltage 
which appears across B and D of the sec-
ondary of T2 is amplified by the 6BA6, 
a high-gain pentode operating Class A. 
The output voltage appears across the 

primary of T111. The tuned-transformer 
coupling between the i-f amplifiers can 
have loose coupling, providing a peaked 
response. The bandwidth is usually in 

excess of 100 kc, sometimes as high as 
250 kc, although the actual bandwidth 
requirement is about 50 kc. Using a band-
width greater than necessary aids in cor-
recting local oscillator drift. 

The second i-f amplifier is similar to 
the first. Cathode bias is developed by 
R215-C194. In addition, signal bias is 
developed across R214-C192. 

R234 is a screen-grid dropping re-
sistor which lowers the + 135 volts to 
+118 volts. Bypass condenser C196 pre-
vents degeneration. R216-C185 is a de-
coupling network for the plate supply of 
the second i-f amplifier. 

The primary signal voltage of T112 
appears across the secondary, due to 
transformer action, and becomes the sig-
nal input voltage for the third i-f ampli-
fier. 

Signal bias voltage is developed 
'across R217-C197. The grid time con-
stant is small and thus the bias voltage 
is able to follow rapid changes in the 
carrier level. The R175- R218 voltage di-
vider is used to maintain a constant 
screen voltage. If a screen-grid dropping 
resistor were used, and screen-grid cur-
rent fluctuations were present, the G. of 
the tube and the gain of the stage would 
change. The voltage divider and bypass 
capacitor C200 filter any a-c component 
which might appear across the junction 
of R175, R218 and ground. The 6AU6 is a 
sharp cut-off pentode. 

The next stage is the phase-shift dis-
criminator. The circuit is similar to that 
of a basic discriminator in Fig. 39-19. 
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T113 is the sound discriminator trans-
former. The 6AL5 is a high-perveance 
twin diode. The two load resistors are 
R219 and R220. Instead of placing a 
capacitor across each load resistor, 
which would effectively place the capaci-
tors in series, capacitor C203 is used. 
R230 drops the heater voltage from 6.3 
volts to a slightly lower value. R3 ( or 
L3 in Fig. 39-19), across which primary 
voltage is developed is not present in 
this discriminator. In this case, the pri-
mary voltage is developed across R219 

and R220in parallel, since the reactances 
of C200, C202 and C203 are low. Thus 
these resistors not only serve as load re-
sistors but also have the primary voltage 
of T113 developed across them. The a-f 
voltage developed by discriminator ac-
tion on the FM i-f signal appears across 
C203. This a-f voltage is applied to 
a two-stage a-f amplifier. The sound 
volume control is tone-compensated by 
R221-C204. Ordinarily, as volume is de-
creased the human ear responds to the 
higher a-f signals more than the lower 
signals. To compensate for this response 
of the ear, R221- C204 bypass the higher 
a-f when the contact arm is moved to a 
lower signal level. Signal bias is used 
for the 6AT6, fixed bias for the 6K6. The 
6AT6 and 6K6 are R-C coupled by R224 
and C208. C207 and C209 bypass and 
de-emphasize the higher a-f signals. 
R226, R227 and C224 form a decoupling 
network and filter. T114 provides im-
pedance matching between the 6K6 and 
the speaker. A hum-bucking coil reduces 
any 120-cycle ripple present. In some TV 
receivers, the sound take-off circuit is 
located in the output circuit of the first 
or second pix i-f amplifier. Since the FM 
i-f signal is amplified by the pix i-f am-
plifier, only two stages of sound i-f am-
plification aregenerally used in this case. 

Intercarrier Sound System. — The 
sound section of an intercarrier sound TV 
receiver is basically the same as that 
of a split-sound TV receiver. Fig. 39-29 
is the sound section of a typical inter-
carrier- sound receiver. It is tuned to 4.5 
mcs, which is the second sound i-f in 
intercarrier receivers. 

T110 is the 4.5-mc sound take-off cir-
cuit. It is a series-resonant circuit, ap-
pearing in the output of the second de-
tector. The sound take-off circuit has 
two functions. It helps prevent the 4.5-mc 
sound signal from continuing into the 
video amplifier, by offering a negligible 
impedance at 4.5 mcs, and hence a neg-
ligible voltage drop across the trap. It 
also channels the 4.5- me sound signal to 
the 4.5 mc sound i-f amplifier. At 4.5 mc 
a relatively high voltage drop appears 
across C148 and L of T110. To reduce 
the loading of L, thus maintaining a 
sharp response curve, the input circuit 
of the first sound i-f amplifier is placed 
across only a part of t he coil. If the 
response curve of the take-off circuit 
were too broad, the high video frequen-
cies would be bypassed: 

Both cathode and signal bias are used 
in the first and second sound i-f ampli-
fiers. Cathode- bias voltage for V101 and 
V102 is developed across R101-C101 and 
R105-C106. Signal bias voltage is de-
veloped across R263-C198 and R104-
C105. R102 is the screen droppirtg re-
sistor and C102A is the screen bypass 
capacitor for V101. R103-C102B is the 
plate decoupling network for V101. T101 
is a tuned transformer, coupling V101 to 
V102. 

The following stage is the ratio de-
tector, which converts the i-f signal into 
an a-f signal. The ratio detector is simi-
lar to the basic ratio detector discussed 
earlier in the lesson. A notable differ-
ence are the two series resistors, R110 
and R111. These resistors equalize the 
charging and discharging time of C200. 
for both diodes. 

C226 balances the unequal capaci-
tance distribution in the ratio detector. 
R112-C113 is the de-emphasis network. 
The output voltage of the ratio detector 
is developed across C113. S 101-2 REAR 
is used to switch the phono input or the 
a-f signal into the two- stage a-f amplifier. 
When either signal is applied to the a-f 
amplifier section, a choice of three tones 
is offered: minimum high, normal, and 
minimum low a-f signal. When phono is 
used, the raster does not appear because 
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the second anode voltage is removed. 
S 101-2 FRONT removes the screen-grid 
voltage from the horizontal sweep output 
tube; therefore no high voltage is present 
when the ganged switch is in phono posi-
tion. Also, when the ganged switch is in 
phono position, S 101-1 FRONT and 
S 101-1 REAR disconnect the heater volt-
ages for the horizontal sweep output tube, 
and the kinescope. 

R117 is the volume control. It is tone-
compensated with the volume turned low. 
Signal bias for the first a-f amplifier is 
developed by R116-C115. R120-C119 
serve as R-C coupling between the a-f 
stages. Cathode bias for V105 is de-
veloped by R122 and R123.C205D is con-
nected only across R123. Some degenera-
tion exists, due to the unbypassed R122, 
causing a decrease in the gain of the 
stage, but reducing distortion. 

R246-C205C is a plate-decoupling 
filter for the power amplifier. T103 match-
es the power amplifier to the speaker 
voice coil. 

Advantages of Intercarrier Systems. — 
The intercarrier sound TV receiver offers 
several advantages over the split-sound 
system. There is less need to re-adjust 
the fine tuning from channel to channel, 
oscillator drift is not so apparent, and 
microphonics in the local oscillator tube 
have less effect on the sound. 

PART II - TROUBLESHOOTING THE FM 

SOUND CIRCUITS 

SOUND TROUBLES AND TESTS 

39-11. In troubleshooting the FM 
sound channel, we follow the basic pro-
cedure developed in previous lessons: 

1. Localizing to a section 
2. Localizing to a stage 
3. Finding the defective component 

We are assuming in this lesson that 
the raster and picture are both normal but 
the sound is not. In general, one of three 
things may be wrong with the sound: 
(a) no sound, (h) weak sound, or ( c) dis-
torted sound. The FM sound channel con-
sists of two sections, as defined in Les-

son 25. These are the sound i-f section 
(including the sound detector) and the 
audio amplifier section (including the 
loudspeaker). Either of these sections 
could cause any of the three troubles 
mentioned above. We will first find how to 
isolate the trouble of no sound to either 
the sound i-f or the audio-amplifier sec-
tion. There are several methods of doing 
this. One method is to measure the out-
put of the sound detector with a d-c volt-
meter. Two types of sound detectors are 
commonly used; the discriminator and the 
ratio detector. The simplified circuit be-
low shows how to connect the d-c meter 
to a discriminator. 

sound 
discriminator 

Fig. 39-30 

de- emphasis resistor 
isolates meter 

k -i to grid (—. of audio 
amplifier 

volume 
control 

The meter should be connected to the 
ungrounded cathode of the discriminator 
tube, immediately following the de-
emphasis resistor. This resistor isolates 
the meter from the circuit, reducing any 
detuning effect it may have. Once the 
meter has been connected, vary the fine 
tuning control and observe the reading. 
On many sets, if there is a picture with-
out snow and the signal reaches the dis-
criminator, the meter will vary from plus 
5 to minus 5 volts, approximately. On 
other sets the reading may be as high as 
15 volts, plus and minus. 

Intercarrier sets usually use a ratio 
detector. The method of connecting a d-c 
meter to a ratio detector is shown in the 
simplified diagram in Fig. 39-31. 

The meter is connected across the 
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ratio 
detector 

Fig. 39-31 

electrolytic 
condenser 

large, electrolytic condenser as shown. 
(In some seLs, the positive end of this 
condenser may be grounded). The volt-
age across -this condenser always has 
the polarity shown. The magnitude of 
this voltage is a direct function of the 
signal strength and is present only if the 
signal reaches this stage. 

Another way of localizing between the 
sound i-f section and the audio amplifier 
section is by means of 60-cycle injection. 
This is illustrated in Fig. 39-32. 

Turn the volume control to maximum 
and place your finger on the control grid 
of the first audio-amplifier tube. A loud 
hum in the speaker indicates that the 
audio-amplifier section is normal and the 
trouble lies in the sound i-f section 

Weak Sound. — If the sound is weak 

apply signal here 

volume control 
at maximum 

but the picture and raster are normal, the 
trouble could be in either sound section, 
and it is necessary to localize to one 
section. One way of determining which 
section is faulty is to measure the sound 
detector d-c output voltage, as previously 
described. This presupposes a knowledge 
of the "normal" reading for the particular 
•set involved. If the d-c voltage is ap-
preciably less than normal, the trouble 
lies in the sound i-f section. If it is 
normal, the trouble is in the audio am-
plifier section. 

A quick but satisfactory check for 
proper operation of the audio amplifier 
section can be made by connecting a 
phono pickup to the input of the audio 
amplifier and observing the loudness 
and quality of sound. The output of an 
FM tuner, radio receiver or similar equip-
ment might also be used. In television 
combination sets having phonograph and 
radio equipment, this test is easily made 
by switching in the other equipment. If 
none of these is available, a rough test 
may be made using 60-cycle injection as 
previously described. The loudness of 
the resultant hum will indicate if the 
audio-amplifier section is responsible for 
the weak sound. 

Distorted Sound. — Distorted sound 
may also be caused by either of the two 
sound sections. However, in the case of 
the sound i-f section, distorted sound is 
usually caused only by some defect in 
the sound detector stage. One way of lo-

audio output 

8# 

Fig. 39-32 
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calizing this defect is by feeding a phono 
or radio signal to the input of the audio 
amplifier. If the sound is still distorted, 
the trouble lies with the audio amplifier 
section. Otherwise, it is in the sound i-f 
section (probably in the sound detector). 
A pair of headphones or a small speaker 
may be temporarily connected to the out-
put of the sound detector. With the volume 
control at minimum position, distortion 
of the sound-detector output is easily 
recognized. 

By means of the procedures outlined, 
we can localize the sound trouble to 
either the sound i-f section or the audio-
amplifier section. Once section locali-
zation has been accomplished, it is ne-
cessary to localize to one stage. This 
procedure will be divided into two general 
parts, each applying to one section. 

LOCALIZATION WITHIN THE SOUND I -F 
SECTION 

39-12. Assume that the trouble is 
no sound, and that we have localized it 
to the sound i-f section. The case of weak 
and distorted sound will be discussed 
separately. It is not too practical to use 
signal injection to localize troubles 
within the sound i-f section, because of 
the high frequencies involved. Signal 
tracing is more satisfactory. In the case 
of no sound, the tube clicking method 
may prove helpful. This method was des-
cribed in previous lessons. The procedure 
is to plug a tube in and out and listen for 
a loud click in the speaker (volume con-
trol on full). Start with the sound de-
teck tube and move toward the sound 
take-off point. A stage which produces 
no clicks is defective. The clicking 
method is not as satisfactory if the trou-
ble is weak sound, since it is difficult 
to judge the intensity of the clicks. 

Another method of signal tracing in 
the sound i-f section involves the use of 
of a d-c meter. How to check the output 
of the sound detector with a meter has 
already been explained. The method of 
checking the other sound i-f stages with 
a d-c meter is shown in this diagram: 

1st sound 
i-f amplifier 

El+ 

to sound 
detector 

2nd sound 
i-f amplifier 

Fig. 39-33 

CHECK FOR GRID 
LEAK 8/AS AT 

THESE POINTS 

Many sets use grid-leak bias on the 
sound i-f amplifier stages. Grid leak bias 
is developed by the rectification of sig-
nal ( and noise). Therefore, if there is no 
signal, there is no bias. A quick check 
can be made to see if the signal is reach-
ing the tube in question by looking for 
the grid-leak bias. For example, in Fig. 
39-33, if bias can be measured on the grid 
of the first stage but not on the second 
stage, the trouble lies between these 
two points. 

If grid-leak bias is found on the sec-
ond sound i-f stage, but there is no d-c 
output from the sound detector, the trou-
ble lies between these two stages. Once 
the defective stage has been found, it is 
necessary to find the defective com-
ponent.The general procedure for trouble-
shooting amplifiers and rectifiers is fol-
lowed. 

Weak Sound in Sound 1-f Section. — 
Stage localization for weak sound. due to 
a defect in the sound i-f section is, in 
general, the same as localizing for no 
sound. One method, as previously des-
cribed, is to check the grid- leak bias 
voltages. If the picture is good but one 
of the bias voltages is low, the fault 
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precedes the first point of low bias. For 
example, if the bias voltage of the first 
stage ( Fig. 39-33) is normal but that of 
the second stage is low, the defect is 
between the grids of the two stages. If 
the bias on the first and second stages 
is normal but the d-c sound detector out-
put voltage is low, the trouble lies be-
tween the grid circuit of the second i-f 
stage and the output circuit of the sound 
detector.lf the bias and detector readings 
are not conclusive, the other voltages 
and the components in the entire sound 
i-f section must be' checked. Distortion 
will be discussed in a later section. 

LOCAL I ZAT.10N WI THIN THE AUDIO AMPLI-

FIER SECTION. 

39-j3. We will now assume that 
there is no sound but normal Picture, and 
that the trouble has been localized to the 
audio amplifier section. The tube click-

ing method is usually tried first. First 
plug the audio output tube in and out. If 
there are no loud clicks, the trouble is 
either in the audio-output stage or in the 
speaker. If there are clicks at this point, 
the trouble precedes the audio output 
stage, and may be in the first audio am-
plifier or in the coupling circuits to the 
audio output stage. Component localiza-
tion is then made by voltage and re-
sistance measurements. 

IF A HUM RESULTS THE 
TROUBLE IS LOCALIZED HERE 

sound 
detector 

1st audio 
amplifier sound detector 

output is normal 
volume 
control 

apply 60 cycle 
signal here 

Another method of localization in-
volves 60-cycle injection. Put your finger 
on the grid of the audio-output tube. A 
definite hum should be heard, although 
not as loud as that from the grid of the 
first audio-amplifier. If there is no hum, 
the trouble lies between the grid of the 
output stage and the speaker. If hum does 
appear, the trouble preced,s the grid of 
the output stage, and lies between the 
output of the sound detector and the 
grid of the audio output stage. This 
principle is illustrated in Fig. 39-34. 

The condition of no sound may also 
be caused by defects in the output cir-
cuit of the audio-output tube (usually the 
output transformer), or the loudspeaker 
itself. Troubles in the speaker will be 
considered in a later section. One of the 
defects which may occur in the output 
circuit is a shorted condenser across the 
primary of the output transformer, as 
shown in Fig. 39-35. 

This condenser is inserted to change 
the frequency response of the amplifier. 
If it shorts, it will not affect the volt-
ages greatly but will cause no sound . This 
happens because, with the primary shorted 
out, no signal gets to the speaker. To 
localize this we may measure with an 
a-c meter, as shown in Fig. 39-35, to de-
termine the presence of signal at the grid 
of the audio-output tube. If signal input 
to this stage is found, but no sound, and 
the voltages look normal, check for a 

Fig. 39-34 

Y  

IF NO HUM RESULTS THE 
TROUBLE IS LOCALIZED HERE 
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A-C METER SHOWS PRESENCE 
OF SIGNAL AT THIS POINT 

from 
1st. audio 
amplifier 

8+ 

Fig. 39-35 

shorted 
condenser 

no 
output 

speaker 

short across this condenser. Another 
trouble which may occur in the output 
circuit is an open secondary in the out-
put transformer. This is difficult to check 
for continuity, since the secondary is 
paralleled by the low-resistance voice 
coil. It is necessary to unsolder one lead 
of the voice coil to check the winding. 
One test which may suggest an open sec-
ondary ( or open voice coil) is to look 
inside the output tube at the screen-grid 
wires. If the screen glows red hot, it 
means that the load has been removed 
from the plate. This might be the result 
of an open secondary. 

Weak Sound Due to Audio Amplifier. — 
The most common cause of weak sound 
due to the audio amplifier is tube trouble. 
This applies particularly to the first 
audio amplifier tube, which provides most 
of the audio gain. Another common cause 
of weak sound is an increased value of 
plate load resistor in the first audio 
stage, as illustrated in Fig. 39- 36. If this 
happens, you may measure low plate volt-
age on the 1st audio amplifier. 

LOUDSPEAKER TROUBLES 

39-14. Certain troubles resulting in 
weak or no sound are caused by the loud-
speaker itself. Weak sound due to a 
speaker defect is usually also distorted. 
The best way to check a speaker is to 
replace it with one known to be good. The 
serviceman might carry a miniature speak-

1st audio 
amplifier 

audio 
input  

audio 
outptif 

°metier 

8+ 

IF THIS RESISTOR INCREASES 
RADICALLY WEAK SOUND 
RESULTS AND PLATE VOLTAGE 
WILL BE LOW 

Fig. 39-36 

er, or even a headphone, equipped with 
alligator clips, for this purpose. The good 
unit is clipped in across the voice-coil 
terminals of the suspected speaker. It is 
usually not necessary to disconnect the 
speaker being checked. This substitution 
procedure also helps to localize audio-
distortion troubles between the speaker 
and the amplifier. 

One common speaker trouble is rubbing 
of the voice coil on the field magnet. 
This is illustrated here: 

voice coil 
rubbing 
against 

field magnet 

cone 

field magnet 

Fig. 39-37 

Normally the voice coil is freely sus-
pended so that it does not touch the field 
magnet. However, since the clearance 
between the voice coil and the magnet is 
very small, it is possible for the coil to 
rub against the magnet if the cone be-
comes misaligned. If this happens, the 
sound takes on a "raspy" effect. To 
check for rubbing, place the thumb of 
each hand on opposite sides of the speak-
er cone and gently move the cone in and 
out. If the voice coil is rubbing you can 
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hear it, and also feel the effect on your 
fingers. On most speakers, it is very 
difficult to realign the voice coil, since 
the cone and voice coil support are 
cemented into place. The usual solution 
is to replace the speaker. 

The voice coil may become shorted 
due to rubbing or overheating. This trou-
ble is localized to the speaker by the 
methods already described. If the coil is 
shorted but not rubbing, there may be no 
sound, or weak sound. It is difficult to 
make a resistance check of the voice coil 
because its normal d-c resistance is ex-
tremely low. Of course, if the voice coil 
is shorted to the magnet, it can be checked 
by an ohmmeter. In general, if the trouble 
is traced to the speaker, and it cannot be 
easily repaired, the speaker is replaced. 

In some cases the voice coil may open 
up. This takes the load off the plate of 
the audio-output tube. If this occurs, the 
screen grid of the audio-output tube will 
become red hot. Be sure to unsolder one 
of the voice coil leads to determine 
whether the trouble is there or in the 
secondary of the output transformer. 

In some cases, the voice coil may 
actually get stuck. This prevents the 
speaker cone from vibrating freely and the 
result is little or no sound. This trouble 
can be detected by flexing the cone gent-
ly and observing whether the voice coil 
is free to move. 

Torn Cone. — Some damages to the 
paper cone do not affect the performance 
of the speaker, while others do. For ex-
ample, small holes or punctures in the 
cone have no noticeable effect. On the 
other hand, a split in the cone may pro-
duce an annoying rattle or buzz. If the 
split is severe enough, the cone alignment 
may be affected and cause the voice coil 
to rub. Split cones may often be repaired 
with cellophane tape or cement if the cone 
is not warped or distorted. If cement is 
used, be careful not to pull the cone out 
of shape, but cement between the two 
edges of the split. 

DISTORTED SOUND 

39-15. — There are several factors 
that may cause sound distortion. One of 
these, which is not due to a fault of the 
receiver, is known as multi-path sound 
distortion. Multi- path FM sound distortion 
is caused by the same signal arriving at 
the antenna at different times. This may 
happen if part of the signal is reflected 
by a building or other obstacle, and ar-
rives at the receiving antenna out of 
phase with the direct signal. This is the 
same condition which causes ghosts in 
the picture. These out of phase sound 
signals combine in such a way as to pro-
duce distortion. Nothing can be done to 
the receiver to eliminate this type of dis-
tortion; it is an antenna problem. Re- posi-
tioning of the antenna may remedy the 
trouble. This type of distortion may ap-
pear on some channels but not on others. 
This will help identify it as not being 
caused by the set. 

Localizing Sound Distortion. — The 
best way to localize sound distortion is 
by a listening test. To localize between 
the sound i-f and audio amplifier sections, 
disable the audio amplifier by taking 
out the first audio-amplifier tube. A pair 
of headphones or a small speaker are then 
connected across the volume control. Lis-
ten to the sound. If it is distorted, the 
trouble is probably in the sound detector. 
If a separate amplifier is available, the 
output of the sound detector may be fed 
into it to check for distortion. This ampli-
fier might be part of a radio, TV set or 
any other such device. 

D istortion in the Sound Detector. — The 
only stage in the sound i-f section usual-
ly capable of producing distortion is the 
sound detector. Such distortion may appear 
if one of the diode sections of the detect-
or tube is malfunctioning. Replacing the 
tube will quickly check this. Another 
cause of sound distortion is misalignment 
of the sound detector transformer, particu-
larly of the secondary. The only solution 
here is to realign the transformer. How-
ever, you might try readjusting the sec-
ondary (making a note of the original 
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setting) to see if the distortion clears up. 
If it does, the trouble usually is cured. 

Distortion in the Audio- Amplifier Sec-
tion. — If localizing tests indicate that 
no distortion exists in the sound i-f ampli-
fier section, the trouble must be in the 
audio- amplifier section. Troubles in the 
loudspeaker have already been covered. 
Assuming the speaker to be normal, the 
trouble causing the distortion must be in 
one of the two audio-amplifier stages. 
The tubes should be checked first. It is 
helpful to localize the particulr stage 
causing the distortion. This may be done 
by connecting a small speaker or a pair of 
headphones to the output of the first audio 
amplifier ( or input to the second). If dis-
tortion is heard at this point, the first 
audio amplifier is at fault; otherwise the 
trouble is in the second stage. Distortion 
in an audio amplifier is usually caused 
by one of two things: ( 1) signal input be-
yond the normal amplifier operating range, 
(2) reduced operating range of the ampli-
fier. Of the two causes, we can generally 
ignore the first so far as TV receivers 
are concerned, due to the location of the 
volume control. Since it precedes the two 
stages, an input signal of any desired 
amplitude may be selected. However, the 
second factor is important. If the operating 
range of the amplifier is reduced, com-
pression of the audio signal may occur on 
the positive, negative, or both peaks of 
the signal. Th:s produces distortion of 
the signal, commonly known as amplitude 
distortion. Amplitude distortion is most 
often caused by incorrect bias in an am-
plifier. The first audio-amplifier stage 
usually operates with so-called "contact" 
bias. This bias is obtained by means of 
a resistor of about 10 megohms in the 
grid circuit. If distortion occurs in the 
first stage, be sure to check this grid 
resistor. 

A common cause of bias change in the 
second (output) audio stage is a shorted 
coupling condenser. This places a posi-
tive voltage on the grid of the second 
stage, changing the bias. This may result 
in severe audio distortion. Methods of 
checking for a shorted coupling condenser 
have been described in detail in previous 

lessons. If a fixed bias source is used, 
this should be checked. If cathode bias 
is used, check the cathode resistor and 
condenser. An open cathode condenser will 
not cause distorted sound, but may actually 
improve it, although at the expense of 
some gain. However, a shorted cathode 
bypass condenser may cause distorted 
sound. Likewise, an incorrect value of 
cathode resistor will alter the bias and 
may cause distortion. 

Undesired' Slope Detection. — It was 
explained earlier in this lesson that de-
tection of an FM wave could be accom-
plished by positioning the FM carrier on 
the slope of a response curve. Undesired 
slope detection may take place in a TV 
set. If the sound-detector tube burns out, 
sound may sometimes still be heard. In 
this case, the fine tuning control is set 
so that the FM carrier is on one of the 
slopes of the sound i-f response curve, 
and slope detection takes place. In some 
cases, it may be difficult to tell that any-
thing is wrong with the sound. However, 
the sound may be weak and the d-c output 
of the sound detector will be low or zero. 

TROUBLESHOOTING I NT EF CARR l ER SOUND 
RECE! VERS 

3 9-16. Generally, troubleshooting the 
FM sound channel in intercarrier sets 
follows the procedure outlined in this 
lesson. However, several points should 
be kept in mind when working on inter-
carrier sets. One is that turning the fine 
tuning control does not change the FM 
sound i-f carrier. This is always 4.5 
megacycles, the difference between the 
picture and sound carriers. 

This means the proper i-f frequency 
is applied to the sound i-f section regard-
less of the position of the fine tuning 
control. As a result we cannot use th.is 
control as a check on the operation of the 
sound detector, as we were able to do for 
a split-sound receiver. 

Another point to keep in mind has to 
do with the alignment of the common i-f 
stages. These are the i-f stages carrying 
both picture and sound. It is possible for 
these stages to be so aligned that the 
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picture appears normal, but with little or 
no sound. This may happen if the sound 
i-f carrier side of the response curve is 
too low at the sound-carrier frequency. 
A trouble of this type may look as if it is 
in the FM sound channel, although it is 
actually in the common i-f stages, It 
may be checked in the field by making 
minor adjustments of the i-f's affecting 
the high frequency side of the common i-f 
response. If this is attempted, note the 
original position of the adjustment, so you 
can return it if necessary. The same 
type of trouble can occur in split-sound 
receivers, in which the sound is taken off 
after passing through one or more common 
i-f stages. 

When the sound is taken off at the con-
verter plate circuit the picture i-f align-
ment does not affect the sound. 

AUDIO OSCILLATIONS 

39-29 

39-17. Under certain conditions the 
audio amplifier may break into oscillation. 

This results in a "howl" or high-pitched 
tone from the speaker. In order for the 
audio amplifier to oscillate, it is neces-
sary that some of the output energy of the 
second audio amplifier ( output stage), be 
fed to the input circuit of the first audio 
stage. When this happens, the output volt-
age of the second stage is in the right 
phase to sustain oscillation if fed into 
the first stage. This feedback is usually 
due to improper lead dress. Often the 
plate lead of the output transformer is too 
close to the grid lead of the first audio 
stage. Usually, moving the transformer 
lead away from the first audio grid will 
stop the oscillation. 
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SCHEMATIC DIAGRAM FOR ADMIRAL 21D 1, 21E1 TV CHASSIS ( 16 nROUND TUBE) 
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SCHEMATIC DIAGRAM FOR SYLVANIA 1-387-1 TV CHASSIS ( MODEL 22M) 
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USES OF THE OSCILLOSCOPE 

40-1. The oscilloscope ( usually called 
the "CRO" or " scope") is the only test 
instrument which shows us the actual 
waveform of the signal or voltage being 
fed to the scope. It does this by showing 
the relationship between two quantities — 
amplitude vs. time — in the form of a 
graph. Thus we see on the cathode-ray 
tube (CRT) the characteristic shape of 
the signal voltage, and can compare it 
with other waveforms or with the wave-
form photos provided by the manufacturers 
of TV sets in their service data. 

Observation of waveforms at various 
points in the television circuits is an aid 
to troubleshooting, and makes possible 
signal tracing video and sync circuits. 
Knowing, from the manufacturer's litera-
ture or from experience, that the signal 
should have a certain waveform at a given 
point in a receiver, we can immediately 
note any difference between the actual 
and the desired waveform. In the case of 
hard-to-locate troubles, we can check 
each suspected stage with the scope to 
localize the defective one. This form of 
signal tracing offers advantages over the 
a-c meter method, since the meter tells 
us only whether or not an a-c voltage is 
present and its rms or average value. The 
scope shows the frequency, true ampli-
tude, distortion and other characteristics 
of the signal as well. 

Another use of the scope is in measur-
ing peak- to-peak values of a-c voltages. 
The scope gives better accuracy than 
D'Arsonval orvacuum-tube voltmeters, 
which usually read only average or rms 
values. (Peak-indicating vacuum-tube 
voltmeters are made, but are not in com-
mon use.) The scope is particularly val-
uable for measuring values of non-
sinusoidal waveforms, on which vacuum-
tube voltmeters often give inaccurate 
readings, When the scope is used for 

voltage measurement, it is operated in 
the same manner as when waveforms are 
observed. The procedure consists of 
comparing the size of a known voltage 
waveform as it appears on the screen 
with the size of the waveform of an 
unknown voltage. 

Finally, the scope may be used to 
show the relationship between almost any 
two electrical quantities. In practical 
service work the only use made of this 
function is in visual alignment. When 
used for alignment, the scope shows 
graphically how well a circuit or group of 
circuits responds to signals of the same 
amplitude at different frequencies.We use 
the frequency-response curve in the align-
ment of radio and television sets to indi-
cate whether the circuits are adjusted 
correctly to receive all the information 
transmitted. This is a very important sub-
ject in itself, and is treated separately 
in Lesson 41. 

Basic Function of the Scope. — The 
ability of the scope to produce graphs 
showing the relationship between tswo 
electrical quantities is its basic operating 
feature. The waveform of any voltage, as 
we are accustomed to representing it, is 
nothing more than a graph illustrating the 
instantaneous amplitude of the voltage at 
consecutive instants of time. When we 
draw a sine wave, for example, the verti-
cal distance of the curve from the center-
line represents amplitude and the left- to-
right distances represent time. 

When we draw a graph, we plot the 
variations of one quantity in a vertical 
direction, showing their relationship to 
the horizontal variations of another quan-
tity. It makes no difference which quantity 
is drawn horizontally and which vertical-
ly, save that the graph is easier to recog-
nize if it is drawn conventionally. The 
important factor is: two quantities are 
shown, both of which are varying. This is 
represented at a of Fig. 40-1. 

If one quantity is varying and the 
other is constant, only a horizontal or 
vertical straight line can result. This is 
shown at b. If both quantities are con-
stant, the " graph" becomes a dot, as 
at c. 
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Fig. 40-1 

The scope, using a cathode-ray tube 
which is very similar to a kinescope with 
electrostatic deflection, is capable of 
reproducing all three types of graphs 
mentioned above, electrically. 

Often both electrical quantities to be 
compared are fed to the scope from ex-
ternal sources, as in alignment, but in 
the case of waveforms one quantity is 
time. The horizontal component of a 
waveform is referred to as the time base, 
and we must provide an electrical signal 
which will make the CRT reproduce the 
horizontal time base correctly. This sig-
nal is generated in the scope circuits and 
usually is a sawtooth voltage. Thus it is 
sometimes convenient to think of the 
scope as a device which places the wave-
form of an external signal on a time base 
provided by the instrument itself. 

Scope Limitations. — Despite its ver-
satility and usefulness, the scope is not 
an electronic magic wand. It has its 
limitations, such as the range of frequen-

cies which can be reproduced with accu-
racy, and the ability to reproduce weak 
signals (sensitivity). These limitations 
vary from one instrument to another. Some 
scopes are designed to have good re-
sponse to high frequencies, others are 
built for sensitivity, etc. 

In addition to the limitations of the 
scope itself, improper methods of opera-
tion can result in misleading presenta-
tions on the screen. One example of this 
would be when the vertical gain control 
is left too high on a fairly strong signal, 
overloading the internal vertical amplifier 
circuits. The presentation on the face of 
the CRT would be distorted, and we might 
blame this on the circuit under test, 
although the trouble would actually be in 
the operating procedure. 

Fortunately, the frequency limitations 
of the scope do not place serious restric-
tions on most servicing work and it's 
possible, once we're familiar with the 
instrument, to use it at the higher fre-
quencies by compensating for the limita-
tions. For instance, we know that square 
waves, such as blanking pulses, are made 
up of a fundamental wave and numerous 
harmonics. Since many of the harmonics 
will be above the range of the scope, we 
expect these higher frequencies to be 
attenuated and are not confused when the 
square blanking pulses appear on the 
screen with rounded corners and slightly 
sloping sides. We can still check the 
fundamental frequency and measure the 
peak-to-peak amplitude. And, if neces-
sary, we can look at the pulses from a 
receiver we know is operating correctly 
and use their shapes as a standard of 
comparison. 

HOW THE SCOPE OPERATES 

40-2. While many different circuits 
are employed in commercial scopes, they 
are all designed to perform the same 
functions. There are five basic sections 
of the scope, as follows: 

1. CRT 
2. Power supply 
3. Vertical and horizontal amplifiers 
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4. Sweep and sync circuits 
5. Controls 

A conventional arrangement of these 
sections is shown in Fig. 40-2, illus-
trating the controls necessary for 
operating flexibility. 

The Cathode-ray Tube. — Since we've 
studied electrostatic deflection picture 
tubes already, it will be sufficient here 
to mention how cathode-ray tubes used in 
scopes differ from picture tubes. Actually, 
even these differences are slight, and the 
principles of operation remain exactly the 
same — the electron beam is deflected up 
or down and right or left by the relative. 
strengths of the electrostatic fields be-
tween two pairs of plates. 

Fig. 40-3 shows how the CRT can 
exactly duplicate by electrical means the 
three graphs of Fig. 40-1. Parts a, b and 

to 6ort, 

vertical 
input 

vert 
gain 
vernier 

c correspond to a, b and c of Fig. 40-1. 
The drawing at c, Fig. 40-3, illustrates 
that when we apply different voltages to 
the opposing sets of deflection plates, 
the CRT plots the graph of one voltage 
varying with respect to the other. 

The most common sizes of CRT for 
the oscilloscope are 3, 5 and 7 inches, 
although larger tubes are found in some 
laboratory models. The fluorescent coat-
ing on the face of the CRT usually pro-
duces a luminous green spot or trace, 
instead of the white found in picture 
tubes. The green affords much better 
visibility under all viewing conditions, 
and makes for easier reading of complex 
waveshapes. Anode voltages are some-
what lower than those used in TV sets, 
from an average 750 volts for a 3-inch 
CRT to an average of around 1,500 volts 
for a 7- inch tube. The better scopes often 
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use metal-shielded CRT's, and carefully 
shield the power transformer and supply 
section, to reduce hum pickup and result-
ant hum deflection, which distorts the 
re s ponse. 

The deflection sensitivity of the CRT 
is the ratio between a potential applied 
to the plates ( usually the vertical plates) 
and the amount of deflection of the elec-
tron beam produced by it. This ratio is 
ordinarily in volts per inch. A typical 
tube requires about 30 volts across the 
vertical plates to move the spot up or 
down one inch. 

This figure applies only to the deflec-
tion sensitivity of the CRT itself. Corn-

40-5 

mercial practice is to give the 
sensitivity of the oscilloscope, which 
includes the gain of the vertical amplifier. 
For example, a typical sensitivity speci-
fication is 0.03-volts-rms per inch. This 
means that a signal of this strength 
applied at the vertical input terminal of 
the instrument will produce a one-inch 
deflection on the screen with the vertica I-
amplifier stages running at full gain. 
Assuming that the CRT itself requires 30 
volts to produce an inch of deflection, 
the vertical amplifier must have a maxi-
mum gain of 714. Since the input is given 
in rms volts, we first find the peak input 
voltage — 0.03x 1.4 = 0.042. This is di-
vided into the voltage required by the 
CRT — 30/0.042 = 714. The result is the 
gain which must be provided by the 
amplifier. 

It is more convenient to rate the scope 
sensitivity in this manner, since we can 
tell at a glance how strong the input sig-
nal must be to provide a pattern of read-
able size on the scope. 

Power Supplies. — The nature of the 
CRT requires that two power supplies be 
used in the scope, although they are often 
built as one, using either one or two 
power transformers. The high-voltage 
supply, which feeds the focusing and 
accelerating electrodes has a very low 
current drain, while the low-voltage sup-
ply providing plate and screen voltages 
for the amplifiers and other operating 
voltages usually has a fairly high drain. 
The high- and low-voltage terminals are 
shown in Fig. 40-2. 

Whether one transformer with several 
windings is used, or two separate ones, 
good shielding is important to reduce 
stray magnetic and electric fields which 
could cause hum distortion in the CRT. 
Usually the transformers are mounted in 
a location which will minimize any pos-
sible interference from stray fields. 

Both the high- and low-voltage outputs 
are connected across bleeder networks 
(voltage dividers), which are tapped at 
the proper points to provide all necessary 
voltages for the operation of the scope. 
All the bleeders are net shctwn on the 
drawing. The positive side of the high-
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voltage supply is connected to the accel-
erating anode of the CRT, while the 
cathode is placed at a much more nega-
tive potential through the arm of the 
INTENSITY control, which makes it pos-
sible to control the electron-beam inten-
sity by varying the grid-cathode potential. 
The focusing anode goes to the arm of 
the FOCUS pot, enabling us to vary the 
voltage on that anode and focus the beam 
to a small spot. The grid, of course, is 
operated at the most negative potential. 

The positive side of the high voltage 
supply is grounded to the chassis, which 
is contrary to what we'd expect. This is 
common practice in oscilloscope circuits, 
although not employed in all scopes. 
Actually, as long as we have the neces-
sary difference of potential between the 
accelerating anode and the cathode, it 
doesn't matter whether we connect the 
positive or negative side to the chassis. 
If we ground the plus side, we're simply 
placing the second anode at zero poten-
tial, and the other electrode voltages are 
considered minus potentials. One of the 
advantages of using this system is that 
direct connections can be made to the 
deflection plates ( by means of the V and 
H terminals shown, which are usually 
mounted on the back of the scope) with-
out danger of exposure to high voltage. 

The high- voltage section of the power 
transformer is a large affair, due to the 
great number of turns required to step up 
the line voltage. Also, in a power supply 
of this sort there is always a threat of 
electrical shock. This shock cari be dan-
gerous, because the supply is capable of 
providing fairly high current, even though 
the normal drain is low. For these rea-
sons, the r-f oscillator type of high-
voltage supply is coming into common 
use. This is similar to the supply used 
in television receivers, except that the 
scope oscillator generally operates be-
tween 100 and 200 kc. The output of the 
oscillator is applied to the primary of a 
transformer much smaller than a compar-
able 60-cycle transformer. The secondary 
provides both high voltage and filament 
voltage for a high-frequency, half-wave 
rectifier tube. After rectification and fil-
tering, a typical power supply of this 
type will give about 4,000 volts at 0.2 

milliampere. The maximum possible out-
put is about 7 ma, so the danger of serious 
shock is considerably reduced. Also, the 
air-core transformer offers considerable 
saving in weight, size, and cost. The 
circuit diagram of an r-f oscillator supply 
unit is shown in Fig. 40-4. 

Fig. 40-4 

When the accelerating anode of the 
CRT is at zero or ground potential, it is 
necessary to place one side of each pair 
of deflection plates at approximately the 
same value,to avoid a serious defocusing 
effect. 

The other vertical and the other hori-
zontal deflecting plates are supplied with 
d-c centering voltages and with the a-c 
signal voltages which will trace the infor-
mation we want on the face of the CRT. 

The centering voltages are provided 
by potentiometers in the bleeder across 
the low- voltage supply. These pots are 
so connected that one end is approxi-
mately 100 volts positive ( with respect to 
the chassis ground) and the other end is 
about 100 volts negative. One deflection 
plate of each pair is at ground, so this 
voltage on the other plate enables us to 
place the spot at any desired point on the 
screen when no signal is present. Once 
the spot is centered, these d-c voltages 
remain on the deflection plates while the 
signal is applied— thus the electron beam 
is under the influence of two voltages 
while it is tracing the desired signal. 

The low-voltage supply also furnishes 
all the other voltages required by the 
various circuits in the scope. 

Horizontal and Vertical Amplifiers. — 
The horizontal and vertical amplifiers 
amplify the signals applied to the exter-
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nal terminals of the scope enough to give 
a readable deflection on the CRT. On the 
other hand, we sometimes use signals 
strong enough to overload the amplifiers, 
or to drive the beam off the screen, so 
it's important to have an input network 
feeding each amplifier which will give 
control of the signal amplitude. One such 
type of network is shown in Fig. 40-2. 

The step attenuators are so arranged 
that signals can either be fed directly to 
the amplifiers, or be attenuated by a 
known amount. Usually, the attenuation 
steps are multiples of 10, giving ranges 
of 1 to 1,10 to 1,100 to 1,and 1,000 to 1. 
The capacitors across the attenuation 
resistors provide the same R-C constant 
on each range, and tend to prevent exces-
sive loss of high-frequency response. The 
blocking capacitors in the vertical and 
horizontal leads block any d-c component 
which might be present with the desired 
signal. If d-c were permitted to rea c h the 
grid of the first amplifier tube, it would 
alter the bias and change the gain, giving 
false results in measurement and mis-
leading response in any case. 

The vernier gain controls enable us to 
obtain degrees of signal attenuation be-
tween the large steps provided by the 
switching system. In some cases, these 
verniers are located between stages of 
the amplifiers. Their exact location is 
not important. 

There may be from one to three stages 
of amplification; a great variety of cir-
cuits are used in actual practice. The 
most important factor in these circuits is 
that all frequencies should be amplified 
equally. If they aren't, the scope will 
give a false indication of poor response, 
especially at the highest and lowest fre-
quencies. 

The scope response should be rela-
tively flat — all frequencies amplified 
equally — up to at least three or four 
times the highest sweep frequency, which 
is usually 30 to 60 kc. Thus, the average 
good-quality scope is flat up to 250 or 
300 kc (unless, of course, it is designed 
for some special application). Above this, 
the response tapers off gradually, so that 
the instrument can be used at consider-
ably higher frequencies, if its limitations 

are borne in mind. Low-frequency re-
sponse is equally important, especially 
for alignment work. In most scopes, the 
response becomes poor at about 30 cycles 
and falls off from here down to zero, 
which is d-c. This poor response is usu-
ally caused by the interstage coupling 
capacitors in the resistance-coupled 
amplifiers. Some scopes employ only 
direct-cou.pled amplifiers, and are able to 
amplify all signals down to and including 
the d-c component — these are usually 
called d-c scopes. 

Provision is made at the input to the 
horizontal amplifier to select internally 
generated signals for the horizontal 
sweep instead of an external signal. This 
switch, which is ganged with the sync 
selector, as shown in Fig. 40-2, simply 
applies the output from the sweep gener-
ator to the horizontal amplifier. Other 
than this, the horizontal amplifier usually 
uses a circuit exactly like that of the 
vertical a mplifier. 

Sweep and Sync Circuits. — We know 
from earlier lessons that a linear sweep 
voltage is necessary, and how synchroni-
zation works, locking any sweep oscilla-
tor to the signal frequency. These basic 
principles apply to cathode-ray tubes 
exactly as they db to kinescopes, except 
that the only varying deflection voltage 
operating on the vertical plates is usually 
the signal voltage, and the beam intensity 
is ordinarily maintained steady. 

Since we apply the signal voltage to 
the vertical plates, instead of to the grid 
(as in the kinescope), we only want one 
horizontal line on the screen. This is 
obtained by the vertical centering voltage 
already discussed. When the a-c signal is 
applied to the vertical plates, its varia-
tions in amplitude above and below zero 
cause the spot to move above and below 
where it was placed by the centering 
voltage. Fig. 40-5 illustrates this. 

At a, we can place the spot in posi-
tion ( 1) on the scope by adjusting the 
vertical and horizontal centering voltages. 
With no deflection on the horizontal 
plates, the spot cannot move to the right 
or to the left. If we apply an a-c sine 
wave to the vertical plates, hówever, the 
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vertical 
input 

(a) 

(c ) 

horizontal 
sweep 

u60 sec 

1/60 sec 

retrace 

spot can move up to position (2) at the 
maximum positive signal and down to 
position (3) at the maximum negative 
value. Of course, while the signal is 
rising and falling from ( 1) to ( 2) to ( 3) 
and back, the spot is also moving, so 
what we see on the screen is a straight 
vertical line, as shown at b. 

In order to spread out the presentation 
on the CRT and make the spot trace an 
accurate picture of the signal input 
against a horizontal time base, we must 
move the spot from left to right. We must 
do this in step with the repetitions of the 
input signal. We already know the nature 
of this horizontal deflection voltage, from 
our study of the kinescope. It must be a 
perfectly linear sawtooth voltage, with a 
retrace time which is only a small frac-
tion of the rise (sweep)time. This voltage 
appears at c. 

When we apply a linear sawtooth volt-
age of the proper frequency to the hori-
zontal plates and the a-c sine-wave signal 
to the vertical plates, we get the presen-
tation shown at d on the drawing. 

Notice that even though we've made 
the frequency of the sweep voltage exact-
ly the same as that of the input signal, 
we do not get a graph of one complete' 
cycle on the CRT — because it takes a 
small fraction of each cycle for the spot 
to return to the starting point. The retrace 
line appears only faintly, since the spot 
is moving very fast during this time. If 
we make the sweep frequency exactly 
half the signal frequency, the signal will 
have time to trace two cycles on the CRT 
during each left- to-right trayel of the 
spot, so two cycles will be shown on the 
screen. The first cycle will be complete, 
and the second will be missing a small 
part of its curve, due to the retrace time. 

This relationship always holds true — 
likewise, if the sweep frequency is one-
third of the signal frequency, the screen 
shows three cycles; if one-fourth, it 
shows four cycles, etc. 

Remember that to zet at least one 
cycle on the screen, the signal frequency 
must be an exact whole-number multiple 
of the sweep frequency, such as 1, 2, 3, 
or 4 times the sweep frequency. If there 
is even a slight difference infrequencies, 
the graph won't stand still on the screen. 
For instance, if the signal were 120 cy-
cles and the sweep 61 cycles, the graph 
would slowly drift across the screen 
until the sweep frequency were re-adjusted 
to 60 cycles. If the two frequencies are 
farther from a whole-number ratio- 69 and 
120 cycles, say — several superimposed 
images move quite rapidly across the 
CRT. This indicates how to adjust the 
sweep frequency vernier control — turn it 
in the direction which slows down the 

movement of the image. When it is moving 
very slowly, the final adjustment to stop 
it completely can be made with the sync 

vernier. 

The scope has a built-in circuit to 
provide sawtooth horizontal sweep volt-
age, for use when we don't have or don't 
wish to use an external horizontal 
voltage. The sweep generator shown in 
Fig. 40-2 may be any one ot a number of 
different types of sawtooth oscillator 
circuits, such as a gas-filled thyratron, 
a multivibrator, or an R-C blocking oscil-
latnr. It must operate over a wide fre-
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quency range, and be continuously vari-
able over the entire range. To accomplish 
this in an oscillator operating, for exam-
ple, from 3 to 30,000 cycles, it's neces-
sary to divide the operation into a number 
of smaller ranges, any one of which can 
be selected by means of a switch. This 
switch usually adds or subtracts capaci-
tance in the R-C frequency circuit of the 
oscillator. A variable resistance, or pot, 
makes it possible to select any particular 
frequency within the range. 

In some newer commercial scopes 
designed primarily for TV servicing, two 
additional settings of the frequency-range 
switch provide pre-set sweep frequencies 
for convenience when working in the 
sync, video, and vertical- and horizontal-
deflection circuits. One of these posi-
tions sets and syncs the sweep generator 
output at 30 cycles, the other at 7,875 
cycles. These sweeps are exactly half 
the frequencies of the vertical and hori-
zontal sync pulses, respectively, so it 
becomes a simple matter to look at either 
type of signal, or to switch back and 
forth at will. This saves re-setting the 
frequency-range switch, the frequency 
vernier and the sync vernier each time. 
A typical scope offering this feature is 
the RCA WO-56A, which will be discussed 
in detail later. 

The output of the sweep generator is 
fed to the horizontal amplifier through a 
switch ganged to the sync selector 
switch. After amplification, it is applied 
to the horizontal plates of the CRT. 

We're already familiar with how a syn-
chronizing voltage " locks" the free-
running sweep generator in exact step 
with the frequency of the signal voltage. 
Since we may wish to use different types 
of sync for various purposes, the sync 
selector switch is provided to give flex-
ible operation. 

The simplest form of sync is a sepa-
rate external sync voltage, connected to 
the external binding post. The EXT posi-
tion of the SYNC switch ( Fig. 40-2) ap-
plies the external sync to the sync vernier 
pot. The arm of the pot makes it possible 
to take off a portion of the voltage and feed 
it to the sweep generator. External sync 
is used when the sync frequency required 

is different from 60 cps or the frequency 
of the input to the vertical amplifier. 

With the SYNC switch at INT, we take 
off a portion of the signal going through 
the vertical amplifier and apply it to the 
vernier pot. In this case, the vertical 
signal is providing sync as well as a 
pattern on the scope. 

The LINE position of the SYNC switch 
applies a 60-cycle sine wave to the input 
of the horizontal amplifier. This is usual-
ly used in connection with other test 
equipment, such as a sweep generator 
which is frequency modulated at the 
power-line frequency. The output of such 
a sweep generator varies at a sinusoidal 
instead of a linear rate, and it is there-
fore necessary to have a sinusoidal volt-
age for the horizontal sweep to obtain 
synchronization. When this equipment is 
used to obtain frequency response curves 
for alignment, the scope screen may show 
two graphs, partially overlapped. The 
PHASE control shown in Fig. 40-2 makes 
the two images coincide so that they 
appear as one. 

Whatever type of synchronization is 
selected, it is important when adjusting 
the SYNC vernier to use the minimum 
setting which locks the pattern in a sta-
tionary position on the screen. Too much 
sync voltage changes or distorts the out-
put of the scope's in sweep 
generator. 

SETTING UP AND USING THE SCOPE 

40-3. To illustrate the operation of the 
scope, a typical oscilloscope will be 
used as an example — the RCA model 
WO-56A shown in Fig. 40-6. 

This oscilloscope is specifically de-
signed for TV servicing, and has a sine-
wave response which is flat within 2 db 
down (20%) from 0 to 500-kc and within 
6 db down ( 50%) from maximum response 
over the range 0 to 1 mc. The usable 
range can be considered as from d-c to 
1 mc. It is not essentially a high-frequen-
cy instrument, but is completely adequate 
for practical television servicing, pro-
vided the technician bears in mind that 
non-sinusoidal waves of fairly high fun-



TELEVISION SERVICING COURSE, LESSON 40 
40-10 

Fig. 40-6 

damental frequencies are not accurately 

reproduced. 

The WO-56A has a deflection sensitiv-
ity and amplifier gain such that a signal 
of 10.6 millivolts rms applied to the input 
of the vertical amplifier will produce a 
deflection of one inch on the scope 
screen. This represents a sine wave of 
0.03 volt peak- to-peak. At the horizontal 
input, a signal of 21.2 millivolts rms is 
required for a one-inch deflectionl. This 
difference in sensitivity is not due to 
variation in the horizontal and vertical 
amplifiers, which are electrically identi-
cal, but to the fact that the electrons in 
the CRT beam travel faster past the 
horizontal plates than they do past the 
vertical 'plates. Therefore, the horizontal 
deflecting field acts on them for a shorter 
time and more horizontal signal strength 
is required to produce an equal amount of 

deflection. 

Both the vertical and the horizontal 
amplifier of the WO-56A contain three 
push-pull stages which are directcoupled, 
providing flat frequency response down to 
and including d-c. This is particularly 
important in alignment, where good 30- or 

60-cycle square-wave response is the 
most important requirement. The d-c am-
plifier stages give accurate square-wave 
reproduction up to about 100 kc, which is 
more than sufficient for viewing blanking 
and sync pulses and gives good results 
on video and composite waveshapes. In 
theory and for accurate reproduction of 
video and composite waveshapes, a spe-
cial high-frequency scope, like the RCA 
WO-79A, would be required, giving essen-
tially flat response to at least 2 mc. In 
practice,the WO-56A or any similar scope 
will show the blanking pedestals and 
sync pulses with enough accuracy for 
most purposes, and a little time spent 
looking at waveforms in the circuits of a 
receiver in good operating condition will 
show you what these waveforms look like 
on the particular scope you're using. 
This gives a basis of comparison when 
troubleshooting other sets. 

The sweep generator provides a range 
of frequencies from 3 to 30,000 cycles, 
with provision for a sinusoidal power-
line sweep for alignment. The SWEEP 
SELECTOR switch includes two posi-
tions marked TV/V and TV/H, which 
automatically set the sweep frequency to 
30 and 7,875 cycles, respectively, for 
viewing vertical or horizontal signals. 

When the V or H GAIN SELECTOR is 
set on the d-c range, the input signal is 
coupled directly to the grids of the first 
stage, passing only through the applic-
able attenuation resistors. When these 
selector switches are on the a-c range, 
however, a blocking capacitor is inserted 
in the path of the input signal. This 
makes it possible to block d-c and ampli-
fy only the a-c component. 

Probes and Test Leads.— The WO-56A 
comes supplied with two input cables for 
the vertical amplifier. One of these 
shielded cables is terminated in a simple 
probe, called the Direct Probe, while the 
other is terminated in a special low-
capacitance network and is called the 
Low-Capacitance Probe. With neither 
cable connected, the input resistance and 
capacitance of the vertical amplifier is 
1 megohm, shunted by 30 mmf, when the 
full signal voltage is fed to the amplifier. 
On the attenuated ranges, 1/10, 1/100 or 
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1/1,000 of the signal is tapped off. With 
the Direct Probe connected to the vertical 
input terminal, the input resistance is 
1 megohm, shunted by 75 mmf. The addi-
tional capacitance is the distributed 
capacitance of the shielded ca ble. Neither 
input resistance is very high, and if the 
scope is connected to a high-impedance 
point in a receiver,a loading effect which 
may range from mild to serious will occur. 
In other words, the relatively low resist-
ance to ground of the scope input has a 
shunting effect on the circuit impedance, 
altering its value and changing the normal 
current distribution and operating condi-
tions in the circuit being tested. The 
result, of course, is a false impression 
of circuit conditions. 

In addition, if high frequencies or high-
frequency harmonics in the input signal 
are present, the shunt capacitances of the 
shielded cable and the input terminals 
attenuate the higher frequencies. As 
shown in Fig. 40-2, each portion of the 
input voltage divider is shunted with a 
capacitor to help overcome this effect. 
The time constant for each RC section 
is made the same by having smaller ca-
pacitances across the larger resistances 
that are in the voltage divider. This 
makes the division of voltages the same 
overthe entire band of frequencies passed 
by the amplifier. The voltage divider is 
necessary to prevent overloading the am-
plifier. 

To reduce the loading effect of the 
scope on the circuit under test, we could 
add a high resistance in series with the 
input cable, but this would ruin the effect 
of the voltage-divider capacitors and the 
high-frequency response would drop off. 
Sometimes this doesn't matter. If it does, 
however, we can add a small capacitor, 
shunted across the series resistor ( which 
is usually called an isolating resistor). 
The capacitor value is critical. It must 
be such that the time constant of the 
isolating resistor and this capacitor is 
the same as the time constant of all the 
other parallel R-C combinations. 

An isolating resistor-capacitor combi-
nation like this is often built into a probe. 
This is the case with the Low-Capaci-
tance Probe supplied with the WO- 56A. 

The actual circuit is shown in Fig. 40-7. 

Fig. 40-7 

shielded cable 
to scope 

The only purpose of shielding the 
leads on most scopes is to reduce the 
stray pickup when working on radio or 
TV receivers. If the cable were unshield-
ed, magnetic fields in some stages could 
induce currents in the nearby scope lead 
which would cause a field around the 
lead. This field, in turn, could induce 
currents in the wiring of any earlier stage 
near which the scope cable passed. The 
result would be feedback causing regen-
eration, or even oscillation, of the ampli-
fier. This is particularly likely in the 
picture i-f amplifier of a TV receiver. 

To avoid such effects, the scope input 
cables are almost always shielded. Occa-
sionally, the capacitance of the cable is 
sufficient to cause detuning of the circuit 
under test. When this happens, try using 
an isolating probe, or attach a 1-megohm 
resistor to the clip at the end of the 
scope cable. You can bend the other lead 
of the resistor in the shape of a hook and 
hang this over the point of connection to 
the circuit. 

The isolating resistor will drop the 
high-frequency response; this can be 
avoided by using ordinary test leads 
connected to the vertical input instead of 
the usual cable. Keep the two leads well 
separated, to avoid capacitance between 
them, and don't let either one hang too 
close to the receiver wiring. This will 
usually solve the detuning problem. 

Scope Controls. — The functions of all 
the controls and terminals on the panel of 
the WO- 56A are given in condensed form 
on the following pages, which are repro-
duced from the instruction book for the 
instrument. The small scope-face dia-
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Functions of Controls and Terminals 

INTENSITY control—Has two func-
tions; applies power to the instrument 
when turned clockwise from "OFF" 

position. and controls the intensity of 
the spot on the CRT screen. 

FOCUS control — Adjusts sharpness 
of pattern on CRT screen. Normally 
requires adjustment when setting of 
INTENSITY control has been changed. 

V CENTERING control — Adjusts 
vertical position of trace. 

V GAIN selector—Controls degree of 
attenuation of input voltage to vertical 
amplifier. This control is marked for 
both ac and dc voltages. To determine 
amplitude of signal oltage when ver-
tical amplifier has been calibrated. 

multiply V GAIN selector setting by 
total deflection in inches. When Direct 
Probe and Cable WG-218 is used, at-
tenuation is as indicated below for each 

selector position. When Low-Capaci-
tance Probe WG-2 l 6A is used, attenua-
tion is ten times as great as indicated 

below. 
Position ".03- — Zero attenuation. 

Signal voltage attenuated 1 to 1. 

Position ".3" — Signal voltage at-
tenuated 10 to 1. 

Position "3" — Signal voltage at-

tenuated 100 to 1. 

Position "30" — Signal voltage at-

tenuated 1000 to 1. 

NOTE toiter knob of each 01 the 

is the % emir? c0nerttl. 

V GAIN vernier—Permits continuous 
adjustment of vertical-amplifier gain. 
Use with V GAIN selector to adjust 
trace height to desired value. See "Op-

eration" section for calibration proce-
dure. 

H CENTERING control — Adjusts 
horizontal position of trace. 

H GAIN selector—Has three func-
tions, as indicated below: 

(1) Controls degree of attenuation 
of input voltage to horizontal amplifier. 
This control is marked for both ac and 
de voltages. Attenuation is as indicated 
below for each selector position. 

Position ".03" — Zero attenuation. 
Signal voltage attenuated 1 to 1. 

Position ".3" — Signal voltage at-
tenuated 10 to 1. 

Position "3" — Signal voltage at-
tenuated 100 to 1. 

Position "30" — Signal voltage at-
tenuated 1000 to 1. 

(2) When an internal linear sweep 
is desired, set this control to "SWEEP" 
position. 

Position "SWEEP" — Applies plate 
voltage to sweep oscillator tube, and 

couples output of sweep oscillator to 
input of horizontal amplifier. 

(3) When sinusoidal sweep of 

power-line frequency is desired, set this 
control to "LINE" position. 

Position "LINE"—Applies sinusoi-
dal voltage at power-line frequency to 
horizontal-amplifier input. 

lour dual control. me the selector control; the inner knob 
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H GAIN vernier—Permits continuous 

adjustment of horizontal-amplifier gain. 

Use with H GAIN selector to adjust 
horizontal trace to desired width. 

SWEEP selector—Selects frequency 
band of sweep oscillator. Positions 

"TV/V" and "TV/H" give preset 

sweep frequencies of 30 cps and 7875 
cps, respectively, for viewing vertical-
and horizontal-deflection-circuit wave-
shapes, sync-separator wavesbapes. and 

composite television signals. 

SWEEP vernier—Provides continu-
ous control of sweep frequency over 

bands selected by SWEEP selector. 

PHASE control—Controls the phase 

of the sinusoidal sweep voltage fed to 
the horizontal amplifier when the H 
GAIN selector is set at "LINE" posi-
tion, and controls the phase of the line. 
frequency voltage used to synchronize 

the sweep oscillator when the SYNC 
selector is at "LINE" position and the 
H GAIN selector is at "SWEEP" posi-

tion. 

SYNC selector—Selects sync voltages 

for sweep oscillator. 

Position "INT—"—Selects synchro-

nizing voltage from vertical amplifier. 
Sweep-trace flyback starts during nega-

tive-going excursion of voltage applied 

to vertical amplifier. 

Position "INT+"—Selects synchro-
nizing voltage from vertical amplifier. 
Trace flyback starts during positive-go-
ing excursion of voltage applied to 

vertical amplifier. 

Position "LINE"—Selects synchro-
nizing voltage from power supply. 

Sweep oscillator synchronized with 

power-line frequency. When the SYNC 
selector is in "LINE" position and the 

H GAIN selector in "SWEEP" position, 

the PHASE control can be used to ad-

just the phase of the sweep voltage with 

respect to the input voltage. 

Position "EXT" — Feeds external 

sync voltage applied at SYNC terminal 

to sweep oscillator. 

SYNC vernier—Controls amplitude 
of synchronizing voltage applied to grid 

of sweep oscillator. Adjust to minimum 

setting necessary to lock pattern in a 

stationary position on the CRT screen. 

SYNC terminal — An external syn-
chronizing voltage can be applied at 

this terminal. 

V INPUT terminal—The voltage to 

be applied to the vertical amplifier is 

introduced at this terminal through the 
Direct Probe and Cable WG-218. When 
the V GAIN selector is on its ac posi-

tions, the signal is applied to the ver-

tical amplifier throngh a blocking ca-
acitor; when the V GAIN selector is 

on its dc positions, the signal is applied 
directly to the vertical amplifier. 

H INPUT terminal—The voltage to 

be applied to the horizontal amplifier 
is introduced at this terminal. 

3V P-P terminal—Internal calibrat-

ing voltage is a% ailable at this terminal. 
See "Operation" section for calibration 

procedure. 

GND terminals — Are directly con-

nected to the chassis of the oscillo-
scope; serve as a common ground for 

the WO-56A and the chassis of the 
equipment under test or associated test 

instruments. 
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grams show the position of the controls; 
all the functions of each are covered. 

Two items require further amplifica-
tion. 

The horizontal and vertical centering 
controls in this model do not operate in 
the manner described in connection with 
Fig. 40-2, since none of the deflection 
plates is at ground potential. Instead, 
each of the vertical deflection plates is 
directly connected to one of the push-pull 
plates of the vertical output stage and 
operated at + 275 volts. Since all the 
amplifier stages are direct-coupled, the 
output can be balanced — thus centering 
the beam between the two vertical 
plates — by balancing the cathode poten-
tials of the second push-pull stage. Thus, 
a potentiometer connected as shown in 
the simplified diagram of Fig. 40-8 offers 
a means of centering the beam vertically. 
The horizontal deflection plates and the 
horizontal amplifier are treated in exactly 
the same manner. 

8+ 
o 

vertical 
deflection 
plates 

-o-275   275 

+91 -o-91 

Fig. 40-8 

+91 

4-44 

-o-46 +46 

vertical t 
centering 

The terminal marked 3V P-P pro-
vides a reliable, known value of voltage 
(3 volts peak-to-peak) for calibrating the 
vertical amplifier when we wish to make 
voltage measurements. The 3 volts is 
obtained from a voltage divider connected 
to the circuit which provides the line-
frequency sweep. The exact calibrating 
method will be discussed later, in con-
nection with measuring techniques. 

Setting Up the Scope.— This is usually 
a very simple procedure. In the case of 
the WO- 56A, all that's necessary is to 
connect the power cord to an outlet sup-
plying 105 to 125 volts at 50 to 60 cycles. 
The ON—OFF switch is included on the 
INTENSITY control on this and most 
other scopes. Next, you'll normally set 
the intensity and focus and center the 
spot — we'll cover this in more detail 
later. 

The scope, the receiver chassis on 
which you're working and any other test 
equipment should have a common ground. 
The ground lead of the scope is not 
always satisfactory in providing this. If 
the grounds are at slightly different poten-
tials, feedback can occur through the 
power line from one unit to another, caus-
ing false response on the scope and 
complicating the job. For this reason, 
it's best to have a section of the test 
bench covered with a large sheet of 
copper or sheet iron. Be sure that all the 
units in use rest solidly on this and make 
good contact to it. This is especially 
important in alignment, but holds equally 
true whenever the scope is used. If the 
graph or waveform displayed on the scope 
changes with hand capacity every time 
you reach for the scope controls, the 
equipment is not properly grounded. 

Type of Sync and Sweep. — Most of the 
time, when you're using the scope alone 
(that is, without a sweep generator), you 
will use the internal sweep oscillator of 
the scope and internal sync. 

When an external horizontal sweep 
voltage is available, you can connect 
this source to the H INPUT terminal and 
use the H GAIN selector to feed the 
desired amount of signal to the horizontal 
amplifier. One application of this would 
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be using a sweep generator which pro-
vided a special horizontal sweep voltage 
to make the alignment response linear. 
When you feed in an external signal to 
the H amplifier and use the H GAIN se-
lector in position . 03, . 3, 3 or 30, the 
internal sweep oscillator is disabled and 
the SWEEP and SYNC controls are inop-
erative.You must use the H GAIN selector 
and vernier to spread the pattern horizon-
tally on the screen. 

When no external sweep voltage is 
available — which is the most common 
situation — set the H GAIN selector to 
SWEEP, which connects the output of the 
sweep oscillator to the H amplifier. Now 
you can use the SWEEP selector and 
vernier to adjust the frequency of the 
sawtooth voltage as required to make the 
pattern stand still on the CRT. Ordinarily, 
set the sweep frequency to half the fre-
quency of the signal you wish to examine. 
This gives you one complete cycle and 
one incomplete cycle on the screen, as 
explained previously. In the WO-56A 
scope, the SWEEP selector also has posi-
tions marked TV/V and TV/H, which 
give pre-set sweep frequencies for view-
ing the vertical or horizontal sync and 
blanking pulses, respectively. If you're 
watching a composite waveform, for ex-
ample, you can simply switch back and 
forth to examine the vertical or horizontal 
pulses. If your scope doesn't have this 
feature, set the sweep frequency to 30 
cycles when you wish to see the vertical 
pulses and reset the frequency to 7,875 
cycles to see the horizontal pulses. 

When the job requires a sinusoidal 
sweep rather than a linear sawtooth, set 
the H GAIN selector to the LINE position, 
which applies a voltage taken from the 
power transformer to the input of the 
horizontal amplifier. The SYNC and 
SWEEP selectors are inoperative. This is 
used chiefly in alignment, if your sweep 
generator provides a signal which is fre-
quency-modulated at the line frequency. 
No external connections between the 
sweep generator and the scope are re-
quired in this case, provided there is a 
phasing control on the scope. 

The sync setting depends to some 
extent on the type of sweep you're using. 

When using an external sweep voltage 
connected directly to the H INPUT termi-
nal, the SYNC selector on the scope is 
disabled. Synchronization is accomplished 
in the unit supplying the sweep signal. 

With the internal sweep oscillator in 
use, you'll usually want internal synchro-
nization. To accomplish this, the SYNC 
selector is set at the INT position, which 
takes a small voltage from the vertical 
amplifier signal channel and feeds it to 
the sweep oscillator. In other words, the 
signal going through the vertical amplifier 
is made to sync itself. The WO- 56A has 
two such positions, INT— and INT +. The 
difference is explained in the chart in the 
section on scope controls. For most 
servicing applications, this refinement 
will not be employed, and it makes no 
difference which of these two positions 
is used. 

Occasionally, you'll wish to use an 
external sync voltage. Some sweep gen-
erators supply such a voltage to insure 
that the sweep generator and scope re-
main exactly in step during alignment. 
When using external sync, connect the 
sync source to the SYNC terminal on the 
scope and set the SYNC selector to the 
EXT position. The internal sweep oscil-
lator is used, but is now synchronized by 
the applied signal. 

The remaining position of the SYNC 
selector is LINE, which takes a small 
voltage from the power supply to synchro-
nize the sawtooth oscillator when the 
H GAIN selector is in the SWEEP posi-
tion. Notice that this SYNC control does 
not have to be set to LINE when the 
H GAIN selector is on LINE because in 
that case sync is automatic and the SYNC 
selector is disabled. When using the 
power-line sync on the sawtooth sweep 
voltage (H GAIN selector on SWEEP, as 
above), the sweep phasing can be adjusted 
with the PHASE control, to make the 
graph on the CRT begin at any desired 
part of the cycle. The PHASE control is 
also used when the H GAIN selector is 
on LINE, to make the double traces some-
times presented during alignment coincide 
and appear as a single trace. 

The SYNC vernier is used to make the 
pattern stand still on the CRT. This con-
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trol, which is a potentiometer, sets the 
amplitude of the sync signal fed to the 
sweep oscillator. When the internal sweep 
is not used, the SYNC vernier is inop-
erative. 

Basic Operating Procedure.— Now that 
we've covered the important details of 
the SYNC and SWEEP controls, we're 
ready to consider the practical procedure 
of scope operation. 

Perhaps half a minute after the scope 
is turned on, the spot will appear on the 
screen. ( Occasionally it may not, due to 
the controls having been left in the wrong 
position, but it can be brought back with 
the centering controls. You'll get a hori-
zontal line, instead of a spot, if the H 
GAIN se lector is at either LINE or 
SWEEP.) As soon as the spot appears, 

adjust the INTENSITY control until the 
spot is relatively bright, but not brilliant. 
This is necessary, because no signal has 
been applied yet, and if the spot stands 
still while its intensity is high, the result 
will be a burn in the coating of the CRT, 
leaving a permanent dark spot. In addi-
tion, the spot need not be flaringly bright 
to produce a readable trace; on complex 
waveforms, a well-focused, medium- bright 
spot often gives better detail. 

With the spot standing still and the 
intensity low, adjust the FOCUS control 
until the spot is as small, round, and 
sharp as you can make it. The spot need 
not be still for focusing — you can adjust 
for a narrow line just as easily. The 
important thing is to get in the habit of 
adjusting intensity and focus together, 
since there is interaction between the 
two. Whenever the INTENSITY control 
setting is changed, it is usually neces-
sary to re- focus. 

Centering the spot is next, and the 
method used depends upon whether or not 
you'll need accurate centering. If you're 
going to look at waveforms you can center 
by eye; simply turn the H CENTER and 
V CENTER controls until the spot is 
approximately at the middle of the CRT 
face. For a-c measurement with the scope, 
however, set the spot exactly at the 
intersection of the two centerlines on the 
graph screen. 

On some scopes, all controls are la-
belled X-AXIS and Y-AXIS instead of 
HORIZONTAL and VERTICAL. Some 
DuMont scopes, for example, use this 
system. This is derived from the conven-
tional method of laying out graphs with 
the X-values plotted horizontally and the 
Y-values vertically. Remember: 

X = Horizontal 
Y = Vertical 

Once the spot is centered, the prelim-
inary adjustments are complete and the 
scope is ready for use. Assume that we 
wish to examine the output waveform of 
an audio oscillator which is operating at 
400 cycles. Since there is no external 
horizontal sweep voltage, the internal 
sweep oscillator of the scope must be 
operated either at 400 cycles or at some 
submultiple ( 1/2, 1/4, etc.). By setting it to 
400 cycles, we'll get one cycle on the 
screen, but not a complete one, so we'll 
use a frequency of 200 cycles for the 
sawtooth voltage, which gives us one 
complete cycle and most of another. No 
external sync voltage is available, so 
we'll use internal sync. The procedure is 
as follows: 

1. Turn on the sweep by turning the 
H GAIN selector to SWEEP. A horizontal 
line will appear on the screen, the length 
of which can be adjusted by varying the 
H GAIN vernier. For normal purposes, 
adjust the length to occupy 2/3 to 3/4 of 
the total width of the screen. 

2. Turn the SWEEP selector to the 
position between 30 and 300. This puts 
the sawtooth sweep frequency in the 
proper range and we can adjust it to 
exactly 200 cycles after we've applied 

the vertical input signal. 

3. Set the SYNC selector to either 
INT— or INT+. It's a good idea to get in 
the habit of turning the SYNC vernier 
down (fully counterclockwise) at this 
point, to avoid the possibility of using 
too much sync voltage. 

4. Using the scope cable and either 
the Direct Probe or the Low-Capacitance 
Probe, connect the output of the audio 
oscillator to the V INPUT terminal of the 
scope. Until now, there has been only a 



Setting UP and Using the Scope 
40-17 

horizontal line on the CRT, since no 
vertical voltage was applied to sweep the 
spot up and down. 

5. Now there is vertical deflection, 
but it may be great or small depending on 
the strength of the signal supplied to the 
V INPUT terminal'and the position of the 
V GAIN controls. Turn the V GAIN selec-
tor through its A-C range (there's no d-c 
in this signal) until the pattern on the 
CRT is about the size you wish. Adjust 
it to final size with the V GAIN vernier. 

6. The pattern probably is drifting 
across the screen, and there may be 
several superimposed images, so it is 
necessary to adjust the sawtooth sweep 
voltage to exactly 200 cycles. This is 
accomplished by turning the SWEEP ver-
nier to make the pattern slow down to a 
very slow drift. At the same time, the 
various images will resolve into one. 
You may be able to make the pattern stop 
for a moment with the SWEEP vernier, but 
it will usually begin to drift again almost 
immediately. Don't worry about this — an 
approximate setting is close enough. 

7. Lock the scope pattern in place by 
turning up the SYNC vernier until the pre-
sentation on the CRT becomes stationary. 
Don't use too much sync. If this control 
is turned up too far, the output of the 
internal sweep oscillator may be dis-
torted, resulting in non-linearity or a 
false pattern on the scope. The natural 
reaction is to blame any poor pattern on 
the circiiit you're testing, but in this case 
you'd be wrong — so, use a minimum 
amount of sync. 

After the scope pattern is locked in 
place, the screen of the scope will show 
a little less than two complete cycles of 
the 400-cycle audio oscillator output. It 

I- Set intensify 2- Center the 3- Apply sweep 
and focus spot voltage and 
(no sweep) (no sweep) set width 

is not essential that steps 2, 3, and 4 be 
performed in exactly the same order each 
time — for instance, if we connected a 
signal of unknown frequency to the 
V INPUT, we might have to try the SWEEP 
selector on all ranges to determine which 
one gave us the least number of super-
imposed images on the CRT. This would 
be the correct range, but we couldn't 
locate it until the vertical input signal 
were applied, so step No. 2 would have to 
follow step No. 4 in this instance. 

Now we've been through the entire 
procedure. Here, for convenience, is a 
simplified procedure, which can be used 
to set up the scope for examination of 
any waveform. Fig. 40-9 is a visual rep-
resentation, showing what is seen on the 
CRT during each step. The numbers on 
the drawing correspond to the numbers in 
the procedure below: 

1. Turn on, set intensity and focus 
the spot. 

2. Center the spot. 
3. Apply horizontal sweep voltage 

(internal or external) and adjust 
width. 

4. Apply vertical sweep voltage ( test 
signal) and adjust height. 

5. Adjust horizontal sweep frequency 
for minimum drift ( which also gives 
clearest pattern). 

6. Apply sync voltage (internal or ex-
ternal) and adjust to lock pattern. 
Make any final adjustment of height 
and width. 

Cautions. — The most important thing 
to remember in working with the scope, 
particularly on TV receivers, is to beware 
of high voltages. They are always poten-
tially dangerous. The voltages within the 
scope may be around 2,000 volts, but you 

4-Apply V sweep 
voltage and 
set height 

Fig. 40-9 

5-Adjust sweep 
frequency to 

slow down drift 
and resolve 
pattern 

6- Apply and adjust 
sync to lock 
lock pattern 
make final 
height and 

widtn adjustments 
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won't have to worry about these unlessyou 
have to open the unit for service or align-
ment, which should not often be 
necessary. 

In connecting the clip of the scope 
probe in various TV circuits, however, 
you will encounter high voltages which 
may in places be thousands of volts. 
You should know where the high- voltage 
points are located in the receiver you're 
working on — but never forget that in a 
defective receiver high potentials may 
appear at other points as well. 

It isn't always practicable to turn off 
the power before you connect test leads 
to high- voltage points — though this 
should be done when possible — but at 
least make sure the scope ground clip is 
firmly attached to a good chassis ground. 
Never connect it to a point of high poten-
tial. If you're working on a metal-topped 
bench which provides a common ground, 
don't lean on the metal or against the 
test equipment or racks. The floor should 
be dry and insulated. 

Be careful that the probe clips do not 
touch other wiring, and always discharge 
filter capacitors by short-circuiting them 
before connecting test leads. 

In some scopes, the H and V terminals 
shown on Fig. 40-2 are located on the 
back of the instrument and are uncovered. 
These terminals connect directly to the 
deflection plates and carry high voltages. 
Don't attempt to shift the scope's posi-
tion, or pick it up, while the power is on 
— it's easy to get a hand on these termi-
nals accidentally. 

HOW TO CALIBRATE THE VERTICAL 
AMPL IF/ER 

40-4. This is an important procedure, 
and one used a great deal, since the 

vertical amplifier must be calibrated be-
fore the scope can be used as an a-c 
voltmeter. This does not mean that the 
unit must be calibrated only when you 
first get it, but each time it is used for 
a-c measurement. The reason for this is 
that this type of calibration involves set-
ting the V GAIN vernier to a certain 

critical position. Therefore, if there's any 
possibility that the V GAIN vernier has 
been moved since the last time a measure-
ment was made, it's necessary to re-cali-
brate. Of course, you can make a series 
of measurements of different voltages 
after calibrating only once, but if the 
scope is used for another purpose be-
tween times, you'll have to re- calibrate it. 
Otherwise, you're running the risk of 
serious error in measuring. The procedure 
is quick and simple, so it's safest to run 
through it when in doubt. 

The purpose of calibrating the vertical 
amplifier is to adjust the V GAIN vernier 
to a point where a known value of a-c 
voltage causes a definite amount of ver-
tical deflection, peak- to- peak. Once the 
vernier is set ( and not touched again), we 
can apply an unknown voltage and deter-
mine its peak- to-peak value from the 
amount of deflection it causes. For ex-
ample, if 3 volts cause one inch of de-
flection, two inches must be caused by 
6 volts, three inches by 9 volts, etc. On a 
5- or 7-inch CRT, this wouldn't permit 
measuring much of a range of voltages, if 
it weren't for the step attenuator (the 
V GAIN selector), which enables us to 
divide the input voltage by 10, 100 or 
1,000, giving a much wider selection of 
measurable voltages. If we perform the 
initial calibration on a middle position of 
the step attenuator, we can measure both 
larger and smaller voltages. 

We'll give the exact procedure for 
calibrating the scope we're using as an 
example in this lesson, the RCA WO- 56A. 
For any other scope, you'll follow the 
same sequence of operations — the major 
differences being that the step attenuator 
will be marked differently and the cali-
brating voltage may not be supplied by 
the scope itself. /t is very important that 
the calibrating voltage be accurately 
known. Some scopes have terminals on 
the panel providing 6.3 volts for the fila-
ments of external tubes or for other uses. 
This voltage is almost always unreliable 
and should not be used for calibration of 
the vertical amplifier unless the manu-
facturer specifically states that it is 
regulated for that purpose. In most scopes, 
this 6.3 volts comes from a winding on 



now to Calibrate the Vertical Amplifier 

the power supply transformer and is un-
regulated. 

One more item of importance — in 
measuring peak- to- peak voltages, we're 
only interested in how far up and down 
the waveform moves. The total distance 
between the topmost and bottommost 
points is the vertical deflection, and we 
can judge this most easily if there is 
only a straight vertical line between 
them. Therefore, we can turn off the 
horizontal sweep, which is easily done 
by switching the H GAIN selector to a 
position that would ordinarily apply an 
external voltage. As long as we don't 
connect an external voltage, however, 
there is no horizontal deflection. Of 
course, it's entirely possible to measure 
the amplitude of a waveform ( centerline 
to positive peak, centerline to negative 
peak, and add the two values), but this 
involves syncing the waveform to make 
it stand still, which is an unnecessary 
waste of time. 

The graph screen should be in place 
on the CRT and the spot centered verti-
cally so that irlies exactly on the center 
horizontal line of the graph. Keep the 
intensity low throughout calibration and 
measurement, to avoid burning the CRT. 

Here is the calibration procedure for 
the WO- 56A: 

1. Turn on and warm up the scope. 
2. Set the H GAIN selector on any 

number, but not on SWEEP or LIN E. 
3. Center the spot vertically, exactly 

on the centerline. 
4. Connect the Direct Probe ( which 

doesn't attenuate the signals) and cable 
to the V INPUT terminal. Connect the 
ground cable to the GND terminal. 

5. Connect the probe tip to the 3V 
P-P calibrating terminal. 

6. Turn the V GAIN selector to the 
position marked 3 on the A-C range ( this 
blocks any d-c component of the voltage; 
thus only the a-c will be measured). 

7. Adjust the V GAIN vernier until the 
vertical deflection of the CRT trace is 
exactly one inch. The vertical line on the 
screen should extend 5 small divisions 
above the centerline and 5 below if the 
spot is correctly centered; its total length 
should be 10 small divisions on the graph 
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screen. ( Nearly all scope screens have 
10 divisions to the inch.) 

8. Do not touch the V GAIN vernier 
again while you're making voltage meas-
urements. If you strike it accidentally, 

re- calibrate. 
9. Disconnect the probe from the 3V 

P-P terminal. 

This completes the calibration and 
the instrument is ready to use for ac-
curate voltage measurement. This par-
ticular scope, however, is specially ar-
ranged to make measurement easy, which 
is the reason for the unusual numbering 
of the V and H GAIN selectors. On other 
scoRes, not having a similar arrangement, 
it's preferable to calibrate for a con-
venient number of volts per division on 
the graph screen. Here's an easy way to 
do it: 

1. After setting up the scope and center-
ing the spot, set the step attenuator on the 
position which gives next-to-highest attenua-
tion of the input signal (on most scopes, this 
will be the next- to-lowest number on the 
"gain" selector). 

2. Connect the accurately known input 
voltage to the vertical input terminals. You 
must know or calculate the peak-to-peak 
value. It it's a sine wave, multiply the rms 
value by 2.82, or the peak value by 2. Try 
to use a calibrating voltage which is not too 
large; otherwise you may have to use a dif-
ferent position of the step attenuator and be 
unable to measure very small voltages. A 
calibrating voltage of 15 volts, peak-to-peak, or 
less is preferable. 

3. Adjust the length of the trace, using 
the vertical gain vernier, until it covers a 
number of graph divisions which is some 
convenient multiple or submultiple of the 
peak- to- peak calibrating voltage. For ex-
ample, if the input voltage is known to be 
10 volts, peak- to- peak, you might adjust the 
V GAIN vernier until the trace occupies 10 
small divisions on the graph screen ( 5 divi-
sions above the centerline, 5 below), in 
which case you have calibrated the scope at 
I volt per division. Or you might make it oc-
cupy 20 divisions, which would be 0.5 volt 
per division. Always divide volts by number 
of divisions. Odd values of calibration 
voltage can be made to come out evenly by 
using a multiplier of 10 — 3.8 volts peak-to-
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peak can be adjusted to cover 38 divisions, 
for instance, giving a calibration of 0.1 volt 
per division. 

4. Remove the calibrating voltage and 
do not touch the V GAIN vernier again. 

A- c Voltage Measurement. — Once the 
calibration process is completed, there is 
little more to a-c measurement than connect-
ing the voltage to be measured, measuring 
the deflection it produces and calculating 
the voltage value. 

When the signal to be measured is con-
nected to the vertical amplifier, the spot 
may apparently remain unchanged at the 
center of the screen or a vertical line which 
runs off the CRT may be produced. On the 
other hand, if the signal is near the value of 
the calibrating voltage, you may get a read-
able deflection right away. 

When the deflection is too small (vertical 
line too short), it's hard to read accurately. 
If the deflection is less than about 4 small 
screen-divisions on a '5-inch scope or about 
6 small divisions on a 7-inch scope, switch 
the step attenuator (V GAIN selector) to a 
different range. 

You can tell whether the signal voltage is 
larger or smaller than the calibrating voltage 
as soon as the signal is connected to the 
vertical amplifier. 

If the signal is larger, you'll either get a 
readable deflection or the line will go off 
the screen. If the latter happens, you must 
turn the step attenuator to the next position 
giving more attenuation of the input signal 
(on most scopes, this is the next lower 
number on the " gain" selector). 

If the signal is smaller, you may get a 
readable deflection, but, more likely, the 
spot will appear unchanged. In this case, 
the step attenuator must be switched toward 
less attenuation ( next higher number on the 
"gain" selector, usually). It may be neces-
sary to switch this control more than one 
step to get a useful deflection. 

During this procedure, you should not 
have disturbed the setting of the gain vernier. 

Now, we have a readable deflection on 
the screen, we know how many volts per 
division were set during calibration, and 
we know the amount by which we had to 
change the step attenuator to obtain deflec-

tion. Remember, this control is ordinarily 
arranged in steps of 10x, so each step to-
ward more attenuation multiplies the result 
by 10, each step toward less attenuation 
divides by 10. Two steps, of course, multi-
ply or divide by 100. 

Here's how to calculate the unknown 
voltage after a readable deflection is ob-
tained: 

1. Count the number of small divisions 
of deflection. 

2. Multiply by the volts per division 
determined during calibration. 

3. If the setting of the step attenuator 
had to be changed to get readable de-
flection, multiply or divide the result 
from ( 2) by 10, if changed one step, 
or 100, if changed two steps. 

Let's run through a couple of examples. 
Assume, on a scope with the vertical gain 
selector marked 1, 10, 100, and 1,000, that 
we have calibrated the vertical amplifier to 
0.1 volt per division, with the gain control 
set on 10. When we connect the signal to be 
measured, the deflection goes off the screen 
and we move the gain control to 1 to bring 
it back. The vertical line on the screen now 
measures 38 divisions. As in step ( 2), above, 
we multiply this by the volts per division: 

38 x 0.1 = 3.8 

If the gain control (step attenuator) had 
not been changed, this result would be the 
value of the signal voltage, but we added 
more attenuation by turning the gain control 
to 1, so we must multiply by 10. 

3.8 x 10 = 38 volts 

• The value of the signal voltage is thus 
38 volts, peak- to-peak. To find the rms 
value, multiply by . 354 if it is a sine wave-

As a second example, assume we're using 
the same scope, again calibrated to 0.1 volt 
per division, with the gain control set on 10. 
We connect a different signal voltage, and 
this time the spot doesn't appear to change; 
there is no deflection. We turn the gain con-
trol to 100, but the spot still doesn't change, 
so we move the control to 1,000 and get a 
deflection of 38 divisions. This must first 
be multiplied by the volts per division: 

38 x 0.1 = 3.8 

This time we turned the gain control to-
ward less attenuation, so we must divide — 
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and since we moved the control two steps, 
we must divide by 100. 

3.8/100 = 0.038 volt 

The value of the signal voltage in this 
case is 0.038 volt peak-to- peak. Notice that 
in both cases we had the same calibration 
and the same deflection. The arrangement of 
the step attenuator made it possible to 
measure these two voltages which have a 
ratio of 1,000 to 1. Actually, the range is 
much greater than this, because we can 
accurately read a smaller deflection pro-
duced by a weaker voltage and there is room 
for more deflection caused by a stronger 
voltage. In addition, we can calibrate for 
more or less voltage per division and on 
different positions of the step attenuator, 
which gives great flexibility. 

We've already explained how to calibrate 
the RCA WO- 56A scope, and mentioned that 
this model is arranged for easy a-c voltage 
measurement. After the instrument is cali-
brated, the unknown signal is applied through 
the Direct Probe and ground cable and the 
V GAIN selector is turned, if necessary, to 
obtain a readable deflection. On the WO- 56A, 
this deflection should be read in inches 

(count the small divisions and divide by 10, 
since there are 10 to the inch). Then multi-
ply the deflection in inches by the number 
at which the V GAIN selector is set. The 
result is the peak-to-peak value of the un-
known voltage. 

The Low-Capacitance Probe can be used 
for measurement of voltages which are not 
too small. This probe gives an additional 
attenuation of 10x, so the results from the 
calculations described above must be multi-
plied by 10 to obtain the correct reading. 

Remember that in connection with a-c 
measurement we can measure the peak-to-
peak value of any signal which has a fre-
quency within the flat response range of the 
particular scope we're using. It does not 
have to be a sine wave. 

Often, in the course of signal tracing, 
we must determine the peak- to- peak voltage 
of a waveform which we have on the scope 
screen. In such a case, it's not necessary to 
turn off the horizontal sweep. Merely dis-
connect the vertical amplifier probe from the 
receiver circuit, apply the calibrating voltage 
and set the gain vernier, then connect the 

probe to the same point in the receiver. The 
signal is in sync on the scope, since we 
haven't changed the controls, so we use the 
gain selector to set the height of the wave-
form and calculate the voltage value. This 
is especially useful in checking sync signal 
amplitude and video gain. 

SIGNAL TRACING THE TV RECEI VER WITH 
THE SCOPE 

40-5. The question of where we can 
use the scope has been partly. answer-
ed by the discussion of the scope's li-
mitations. Since the response of the 
scope falls off at the higher frequencies, 
causing distortion of the waveshapes as 
seen on the screen, there is no point in 
attempting to signal trace the r-f or i-f 
sections of a TV set. Of course, we 
could use a probe to rectify the incoming 
signals, but the waveform would be con-
stantly changing and we could not com-
pare it with a standard, which is the 
whole point of signal tracing. The scope 
might be useful to find a discontinuity or 
break in the signal chain, but an a- c 
meter will serve as well for this. 

The scope has a very important use 
in the r-f and i-f circuits, however. When 
used with sweep and marker generators 
for checking frequency—response curves 
and other troubleshooting, it is extremely 
valuable. This alignment equipment and 
its use is covered in Lesson 41. 

We can use the scope to good advan-
tage in the video, sync, and deflection 
circuits. Since the average scope has a 
usable range only up to 1 mc or less, it 
would appear at first glance that we 
couldn't do much in the video circuits, 
where frequencies run as high as 4 mc. 
What we're really interested in seeing, 
however, are the sync and blanking and 
their relationship to the video signal, 
and these fundamental frequencies are 
relatively low ; although the harmonics 
go quite high). Therefore, we get fair 
reproduction of the sync pulses and the 
blanking pedestals, even though the 
video signal appears blurred. Iracing 
this composite TV waveform through the 
video stages is a very useful check for 
locating faults in the video section. 
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The scope makes it possible to run 
down the cause of loss of sync and other 
faults of the sync and deflection circuits 
quickly and easily. Here, again, the 
fundamental frequencies of the vertical 
and horizontal components are low: 60 
cycles and 15,759 cycles, respectively. 
Therefore, we can begin at the input to 
the sync separator and check the wave-
forms all the way through the sync and 
deflection circuits, comparing what we 
see on the scope either with the manu-
facturer's published photos of the normal 
waveforms for that receiver or with the 
waveforms from another receiver of the 
same model which is operating properly. 
The receiver under test must, of course, 
be turned on and tuned to a television 
signal. 

Receivers of different makes — and 
even different models of the same make — 
will give different waveforms, depending 
on the basic types of circuits used. This 
is no problem as long as we have the 
service data or a set of waveforms drawn 
from a good receiver as a basis of com-
parison. In any event, the signal- tracing 
procedure doesn't change. 

Normally, the probe or probes supplied 
with the scope or available as accessor-
ies may be used " as is", to connect into 
the circuit under test. Remember, how-
ever, that in the deflection circuits of a 
TV receiver very high pulse voltages are 
encountered, in some instances as high 
as 20,000 volts. Even though we won't 
ordinarily have occasion to view these 
highest pulses, we will wish to check 
points where the voltages are quite high. 
For example, in the RCA Model 61:34, 
the peak- to-peak voltage at the plate of 
the horizontal output tube is approximate-
ly 6,990 volts and at the cathode of the 
damper it is about 3,909 volts. 

The scope, however, has a definite 
maximum input voltage, specified in the 
manufacturer's instructions for the in-
strument. The d-c blocking capacitor at 
the input to the vertical amplifier is 
commonly a 490- volt unit, so this value of 
d-c should not be exceeded. If it should 
be necessary to connect the scope to a 
point of higher potential than this, use 
another capacitor, of higher rating, in 

series with the probe. Maximum per-
missible a-c input may depend upon 
either or both of two factors, according 
to the circuits used in the scope. Volt-
ages above a certain value will cause 
off-the- screen deflection due to the gain 
of the vertical amplifier, even with the 
V GAIN control at minimum — and in 
some cases, voltages above a certain 
value may damage the amplifier circuits. 

The RCA WO- 56A oscilloscope has a 
maximum a-c input voltage rating of 609 
volts rms, with 490 volts d-c also present. 
This is on the A-C range. The value of 
603 volts rms is equivalent to 1,630 volts 
P-P, so no signal greater than this should 
be applied to the vertical amplifier with-
out first dropping the value by some 
means. 

The easiest and most practical method 
of accomplishing this is to connect a 
voltage divider between the high-voltage 
point and ground. The simplest type to 
use, if available, is the low-capacitance 
probe provided with many scopes, which 
attenuates the signal by a factor of 19. 
Thus, the WO- 56A can be used with the 
RCA Low- Capacitance Probe on volt-
ages up to 16,803 volts P- P. An addi-
tional advantage of using this probe is 
that it is frequency compensated, and 
does not cause much distortion of the 
waveform due to the loss of the higher 
frequencies, as a voltage divider com-
posed of pure resistance will do. 

If no attenuating probe is available, 
or if the pulse voltage is so high that an 
external voltage divider must be used, 
most manufacturers recommend the use 
of a capacitance-type divider. Make cer-
tain that the working voltage rating of 
each capacitor used is sufficiently high 
to withstand the drop that will appear 
across it. If necessary, 3 or 4 capacitors 
can be used to reduce the drop across 
each unit. The capacitance values may 
all be the same, or they may be in any 
desired ratio. 

Signal Tracing the Video Amplifier. — The 
procedure for signal tracing is very simple. 
The most important factor is the technician's 
ability to interpret the waveforms displayed 
on the scope. This ability is largely a matter 
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of practice. Unfortunately, there is no sub-

stitute for such practice, since the wave-
forms seen at a given point in a receiver 
depend not only upon the receiver and its 
operating condition, but also upon the scope 
and probe used. For this reason, you should 
trace through several receivers which are 
operating properly, to accustom yourself to 
the appearance of the correct waveforms as 
reproduced on your scope. 

To illustrate the procedure, Fig. 40-10 
shows the stages of a typical video ampli-
fier. 

The procedure, step-by-step, is as follows: 

1. Turn on and warm up the scope and 
the receiver. Tune the receiver to a signal. 

2. Set up the scope for operation, using 
internal sweep and sync. Assuming the 
horizontal sync pulse is to be viewed first, 
set the SWEEP selector to the range which 
includes 7,875 cycles (on a scope having 
preset sweep frequencies, such as the 
WO- 56A, set to TV/!1). 

3. Connect the ground clip of the scope 
to the chassis of the receiver, preferably at 
a point in the video circuits. Attach the in-
put cable to the V INPUT terminal of the 
scope and connect the probe to the plate end 
of the diode load resistor in the picture 2nd 
detector, as shown in Hg. 40-10. If the 
scope has a low- capacitance type of probe, 
this should be used. 

4. Set the V GAIN selector and vernier 
for a pattern of readable height. On a d-c 

2nd video 
amplifier 

Fig. 40-10 

40-23 

to 
kinescope 

grid 

scope, the gain selector should be in an 
A-C position. 

5. Adjust the SWEEP vernier for the 
clearest pattern with the slowest drift. 

6. Turn up the SYNC vernier from mini-
mum until the pattern stands still on the 

screen. Do not use any more sync than 
necessary, or the pattern may become dis-
torted. 

This part of the procedure gives you 
the horizontal sync pulse, which should ap-
pear similar to the photograph shown at a of 
Fig. 40-11. To obtain the vertical sync 
pulse, the following steps are necessary. 

Fig. 40-11 (a) 

7. Switch the SWEEP selector to the 
range which includes 30 cycles. (On a scope 
with preset frequencies, simply switch to 
TV/V; no other adjustment is required). 

8. Adjust the SWEEP vernier for the 
clearest pattern and the slowest drift. 

9. Reset the SYNC vernier as necessary 
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to hold the pattern stationary without dis-
tortion. 

This places the vertical sync pulse 
on the scope screen, where it should look 
like the photo at b of Fig. 40-11. 

Fig. 40-11 ( b) 

10. Trace the waveform through the video 
amplifier by placing the probe at the grid, 
then the plate. of each stage and checking 
the horizontal sync pulses at each point. 
(Unless your scope has preset sweep fre-
quencies, it's quicker to run through these 
points once to check the horizontal pulse, 
then a second time, if necessary, to check 
the vertical.) The last roint to check is at 
the signal grid of the picture tube. 

In trouble-shooting, we're looking for any 
abnormality or change of the waveform, which 
usually shows up best in the horizontal sync 
pulses. At the picture 2nd detector load, the 
composite waveform should appear as in 
Fig. 40-11, unless some kind of trouble, such 
as incorrect rf-if alignment, is ahead of this 
point. If the waveform is normal here, we 
begin signal tracing, and any deviation in-
dicates some fault in the stage where it oc-
curs. Each tube should amplify the signal 
and turn the waveform upside-down as the 
probe is moved from grid to plate — a tube 
which doesn't should be checked. 

When a. abnormal waveform is found, 
make a tube and voltage check of that stage. 
Look for open or leaking coupling capacitors, 
off- value resistors, anything which might 
change the bias or plate or screen voltages. 
Trouble in a peaking coil ordinarily distorts 
the shape of a horizontal sync pulse. The 
normal sync pulse is illustrated at a of 
Fig. 40-12. At b, is shown the effect when 
the higher frequencies are lost,which re-
sults when a peaking coil opens or be-
comes shorted. 

(a) Horizontal (b) Loss of higher 
sync pi/se frequencies 
,,mal 

Fig. 40-12 

"Clipping" of the sync pulses is a fairly 
common trouble, illustrated in Fig. 40-13. A 
clipped sync pulse is shown at b, the normal 
pulse at a. This can be caused by detective 
tubes or components in the video amplifier, 
as mentioned above. It can also be caused 
by undesired limiting action resulting from 
feeding too strong a signal into the video 
amplifier. An excessive signal here can 
result from improper setting of the ACC 
threshold or from trouble in the AGC cir-
cuit. At c is shown the rare case where 
clipping occurs at the white level. 

Jim2N 
14.1111 11, 

(o) Horizontal (b) C;:pped (c) Saturation of 
sync pulse 7ynC pulse whites 
normal (reverse clipping) 

Fig. 40-13 

When clipping occurs, the level of the 
sync pulses is brought close to that of the 
blanking and picture blacks, so it becomes 
difficult or impossible for the sync separator 
to function properly. The result varies from 
poor sync to complete loss of sync, depend-
ing upon the degree to which the pulses are 
clipped. Horizontal picture pulling may ac-
company the poor sync. This pulling affects 
only the picture, not the raster. 

The same symptoms will occur without 
clipping or limiting, if the amplitude of the 
sync pulses is reduced in some other manner 
without changing the height of the picture 
signal. This frequently happens as a result 
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of poor low-frequency response in the r- f, 
i-f or video sections. The higher-frequency 
picture signals are amplified normally, but 
the low-frequency picture signals and the 
sync pulses receive less amplification, with 
the result that the sync pulses may be at or 
below the amplitude of a portion of the pic-
ture signal. These sync pulses are perfectly 
formed, but have insufficient amplitude. 

The poor low-frequency response may be 
in the r-f or i-f amplifiers, as a result of the 
picture carrier being located too far down on 
the slope of the response curve. This is 
discussed in detail in the lesson on align-
ment. In such cases, the reduced amplitude 
of the sync pulses is apparent in the wave-
form obtained from the load resistor of the 
picture 2nd detector. The trouble may also 
occur in the video amplifier, due to a change 
in a load resistor or an open or changed-
value coupling capacitor. 

Interpreting waveforms taken from the 

sync 
separator 

integrating 
network 

sync 
amplifier 

vertical 
oscillated 

video amplifier is somewhat easier if a low-
capacitance probe is used. A direct probe 
can be used, but it causes loading and 
decreases the high- frequency response of 
the scope to some extent, which may cause 
a rounding of the corners on the leading 
edges of the horizontal sync pulses. With 
practice, it's not too difficult to tell the 
difference between this effect and dis-
tortion due to trouble in the circuits. If the 
rounding effect proves troublesome, try 
placing the probe at the cathode of the 
tube, after temporarily disconnecting the 
cathode bypass capacitor. 

When the low-capacitance probe is used, 
in low-level stages, the vertical gain of the 
scope must usually be turned up, because 
this type of probe usually causes a 10x at-
tenuation. 

Signal Tracing Sync and Deflection Cir-
cuits. — The procedure in signal tracing 
these circuits is essentially the same as 

vertical vertical vertical 
discharge  output deflection 

coils  

beyond this point set 
..--scope sweep to 30 cycles 

beyond this point set 
scope sweep to 7875 Cycles 

differentiating 
network 

horizontal horizontal horizontal 
oscillator 

it$  

oscill discharge output 

Fig. 40-14 

horizontal 
deflection 

coils 



40-26 
TELEVISION SERVICING COURSE, LESSON 40 

that described for the video amplifier, ex-
cept that the horizontal and vertical signals 
are sent to separate circuits after leaving 
the sync amplifier. In different receivers, a 
great variety of circuits and circuit varia-
tions will be found, so the manufacturer's 
service data must be regarded as the final 
authority for the exact waveform at any point 
in a particular circuit. As a simplified guide, 
however, the block diagram of Fig. 40-14 
shows the conventional arrangement of cir-
cuits and the approximate shapes of the 
waveforms at various points. 

Set up the scope to observe either the 
horizontal or vertical waveform, and work 
from the input of the sync separator toward 
the deflection coils. In many cases, the 
symptoms will indicate that the trouble is 
probably in a particular circuit or group of 
circuits, so these will be checked first. De-
flection troubles, for instance, are ordinarily 
checked by starting at the horizontal (or 
vertical) oscillator, working to the discharge 
and output stages, and finally to the deflec-
tion coils or plates. Incorrect waveshapes 
at these stages can be easily recognized. 
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..eadaft 41 
NEED FOR ALIGNMENT 

41-1. The resolution or definition of 
the picture or test pattern on the kines-
cope often indicates whether or not a TV 
receiver needs alignment. In general, the 
alignment should be checked when any of 
the following conditions appear: 

1. In weak-signal areas, when pictures 
are weak, with more snew than is 
normal, and the condition cannot be 
remedied by tube substitution. 

2 When weak signals cause regenera-
tion, which shows up as horizontal 
smearing in the wedges of the test 
pattern. Figure 41-1 illustrates this 
condition. 

Fig. 4 1-1 

3. When tunable ghosts appear. If vary-
ing the fine-tuning control changes 
the spacing between the ghosts and 
the true imagés, alignment is needed. 
Ordinary ghosts, caused by reflec-
tions, have fixed spacing. 

4. When tunable smear appears. ,Smear 
can best be described as a blurring 
of sharp edges in the picture, espe-
cially on the blacks. This is usually 
noticed as a white smear trailing off 
the edge of a black area, for about 1/4 

inch. If the length of the smear can 
be varied with the fine-tuning con-
trot alignment is needed.Varying the 
fine-tuning changes the picture i-f. 

5. When poor low-frequency response ap-
pears. To check this possibility, roll 
the picture out of sync;first vertical-
ly, then horizontally. The vertical 
sync and blanking should move slow-
ly from top to bottom; the horizontal 
should move from right to left. (The 
phasing circuit must be adjusted if 
the horizontal oscillator uses AFC.) 
Turn down the contrast control and 
increase the brightness until the 
sync pulse being observed is dark 
gray. The sync pulse should appear 
darker than the blanking, the blanking 
should be at least as dark as any 
gray in the picture, and the sync 
pulse should remain the same shade 
as it passes across the screen. The 
left-hand edge of the horizontal sync 
should be sharp,and definitely darker 
than the gray of the blanking. It any-
thing differs from this description, 
check the video amplifier for a defect 
causing poor low-frequency response. 
If none is found, the set needs an a-
lignment check. 

6 % hen the best signal that can be ob-
tained on a reasonably strong signal 
shows poor resolution. This appears 
on all stations as fuzziness and loss 
of fine details, and cannot be cured 
by focus or tuning adjustments.Reso-
lution can be checked by tuning in a 
test pattern, adjusting for the best 
possible picture s and observing the 
wedges. 

The following symptoms indicate that 
the sound i-f amplifier may be in need of 
alignment. 

1. Weak sound. 
2. Distorted sound, which cannot be im-

proved by varying the fine-tuning con-
trol. 

3. Ignition or electrical noise in the 
sound of separate-sound sets. It 
should be possible to null this noise 
by means of the fine-tuning control. 

4. 60-cycle hum in the sound, which 
does not null out when the fine-tun-
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ing control is rotated. This hum is 
produced by heater-cathode leakage, 
often in the discriminator tube.T here 
is normally a small a mount of leakage 
and hum, but it is nulled out with cor-
rect alignment of the i-f amplifier 
and discriminator circuits. 

5. Picture buzz in the sound. This is a 
buzzing which changes in pitch when 
different scenes appear on the kines-
cope. It is caused by the AM modula-
tion of the picture carrier being im-
pressed on the FM of the sound car-
rier. If the limiter and discriminator 
are properly aligned, picture buzz 
should not appear in the sound. Pic-
ture buzz is particularly troublesome 
in same early intercarrier sets, if 
the sound is taken off at the first or 
second video amplifier. Carefulalign-
ment of the sound section and dis-
criminator is important in these re-
ceivers. 
Resolution. — Resolution, which may 

also be called definition or detail, is im-
portant to the quality of the picture on the 
screen, since it determines how many in-
dividual details can be distinguished. As 
explained in Lesson 33, horizontal and ver-
tical resolution can be.checked by observ-
ing the horizontal and vertical wedges of 
a test pattern. This aids greatly in deter-
mining whether or not a receiver needs a-
lignment. Figure 41-2 illustrates how the 
NBC test pattern should appear on the 
kinescope of a receiver which is properly 
adjusted and operating normally. 

Fig. 41-2 

TELEVISION 
• SYSTEM 

41-3 

When the r- f, pix i-f, and video cir-
cuits are properly aligned and responding 
equally well to all the video frequencies, 
the vertical and horizontal wedges appear 
equally strong. 

When the circuits are not responding 
correctly to all the video frequencies, one 
of the sets of wedges appears gray, while 
the other set remains a normal black. If 
the high-frequency. response is poor, the 
vertical wedges become gray. If the low-
frequency response is attenuated or dis-
torted, the side wedges appear weaker 
than the vertical ones. This condition is 
illustrated in Fig. 41-3. 

Fig. 41-3 

MODULATION, SIDEBANDS, AND RESPONSE 
CURVES 

41-2. In the process of visual align-
ment, we use an oscilloscope to give us 
a picture of what is going on in the cir-
cuit or circuits being checked. Therefore, 
we need a thorough understanding of what 
the scope is showing, in order to inter-
pret the various presentations. 

Modulation. — Modulation is the pro-
cess of varying the carrier wave put out 
by the transmitter to make it carry the in-
formation to be transmitted. This informa-
tion may be voice, music,or the video fre-
quencies necessary to reproduce a pic-
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ture. It may be impressed on the r-f car-
rier wave in several ways, the most com-
mon of which is amplitude modulation 
(AM). Amplitude modulation is used to im-
press picture information on the r-f pic-
ture carrier. In this system, the amplitude 
of the carrier wave is varied according to 
the variations in the information to be 
transmitted. Figure 41-4 shows, in a and 
b, the carrier and the waveshape of the 
signal to be broadcast. When the carrier 
is modulated by this signal, it appears as 
shown at c. 

(b) modulating signal 

sinewaves 
now vary in 
amplitude 

(a) r-f carrier 

(c) amplitude 
modulated carrier 

Fig. 41-4 

Mc 
sine wave 

5 KC 
audio 

frequency 

Imaginary lines 
drown through 
positive and 
negative peaks 
show amplitude 
variations 
following 
waveform of 
5 kc modulating 
signal. Note 
that two 
envelopes are 
produced 

When an r-f carrier is amplitude modu-
lated, two changes occur: 

1. The height of each cycle of the car-
rier is changed. 

2. New frequencies (r-f) are produced 
on both sides of the r-f carrier fre-
quency. 

When we draw a line through the peak 
amplitudes of the r-f cycles, two imagi-
nary modulation envelopes are produced, 

as shown in c of the diagram. One enve-
lope is above the zero axis in amplitude; 
the other is below the zero axis in ampli-
tude. The new frequencies, which are 
called sidebands, differ from the carrier 
frequency by an amount equal to the modu-
lating frequency. One sideband is above 
the carrier in frequency; the other is be-
low the carrier in frequency. This can be 
seen in Fig. 41-5. The r-f carrier has a 
frequency of 1 mc, and the modulating 
signal is a 5-kc sine wave. The ampli-
tude-modulated carrier still has a fre-
quency of 1 mc, but the individual cy-
cles are varying in strength at a rate 

equal to the frequency of the modulating 
signal, or 5 kc. This rate of change pro-
duces two new frequencies: 

1 mc plus 5 kc = 1.005 mc 
mc minus 5 kc = 0.995 mc 

Sidebands. — The output from the trans-
mitter consists of the 1-mc carrier, the 
upper side frequency of 1.005 mc, and the 
lower side frequency of 0.995 mc. Only 
these three frequencies are present when 
the carrier is modulated by an unchanging 
5-kc signal. This is shown in Fig. 41-5. 

modulation informai ibn 
carried by side frequencies 

.50t of modulation energy 

0.995MC ¡MC 
lower carrier 
side 

frequency 

1.005 MC frequency- 
upper 

side 
frequency 

F ig. 41-5 

All the modulating information is car-
ried in each of these side frequencies. A 
side frequency can never be greater in 
amplitude than one-half the amplitude of 
the carrier; if the carrier is 100-percent 
modulated, each side frequency has an 
amplitude exactly half that of the carrier. 
One half the energy of the modulating sig-
nal is carried in each side frequency; thus 
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in the case of a completely modulated 
wave, each would contain one-fourth as 
much power as the carrier. 

None of the modulating information ap-
pears on the carrier alone. If a communi-
cations receiver which tuned with extreme 
sharpness were adjusted to exactly 1 mc, 
the 5-kc audio-modulating signalcould not 
be heard. This is shown in Fig. 41-6. 
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0.995 MC IMC /005MC frequency_s_ 
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Fig. 41-6 

The sharp-tuning receiver accepts a 
band of frequencies only a few hundred kc 
wide, and the 5-kc signal cannot be heard 
unless the receiver responds to a suffi-
ciently wide band to take in one of the 
side frequencies. A receiver which will 
accept a much wider band of frequencies 
on either side of the carrier is needed. 
Note that we only need receive one side-
band — and it makes no difference which 
one it is. This is shown in Fig. 41-7. 

When we change our modulating signal 
from a single frequency to a complex sig-
nal, such as voice or music ora video sig-
nal, we encounter a great number of fre-
quencies,continuously varying from about 
30 to 9,000 cps in the audio ran,e and 
from about 30 cps to 4 mc for video sig-
nals. Each one of the frequencies pro-
duces a pair of side frequencies, so we 
now. have a whole band of frequencies on 
each side of the carrier. These are called 
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Fig. 41-7 

frequency —.-

the upper and lower sidebands. If we as-
sume that the highest audio frequency used 
is 5 kc, instead of only the three frequen-
cies shown in Fig. 41-5 we have complete 
sidebands like this: 

'z) 

modulation information 

,I, I till 11111111 , 
o 

frequency-0- 
995 
MC 5 KC 5 KC 1005 

lower upper MC 
sideband sideband 

/MCcarrier 

F ig. 41-8 

Each sideband carries all the modulat-
ing information and one-half the modulation 
energy, just as in the case of the 5-kc sig-
nal, so the receiver need only respond to 
the carrier and one sideband to reproduce 
the transmitted information in full. In fact, 
we can go even further and filter out all or 
part of one of the sidebands before the 
signal is transmitted. 

This makes it possible for more transmit-
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ting stations to operàte in a given frequen-
cy range,since only half the bandwidth of 
double-sideband transmission is required. 

Note that the bandwidth of the carrier 
plus both sidebands is twice the highest 
modulating frequency. In Fig. 41-8, the 
highest modulating frequency was 5 kc, 
and the total bandwidth was twice this, or 
10 kc. For the composite video signal 
which transmits television picture infor-
mation, however, the highest modulating' 
frequency is about 4 mc, which would nor-
mally require a bandwidth of 8 mc for the 
picture signal alone. Yet the standard 
television channel is only 6 mc, and this 
must include the frequency-modulated 
sound signal, which requires a bandwidth 
of 50 kc. 

Vestigial Sideband Transmission. — 
Practical difficulties prohibit using sin-
gle-sideband transmission for the televi-
sion picture carrier. Serious phase distor-
tion would result if the entire lower side-
band were removed, so we remove only 
that part of it which is farthest removed 
from the carrier. Side frequencies more 
than 1.25 mc below the carrier frequency 
are filtered out. Since the entire upper 
sideband of 4 mc is transmitted, but only 
1.25 mc of the lower sideband, this sys-
tem is called vestigial sideband transmis-
sion. 

Actually, this method is a combination. 
For video modulating frequencies up to 
1.25 mc, it is double-sideband transmis-
sion, but for the higher video modulating 
frequencies from 1.25 to 4 mc, it is single-
sideband. We can see this in Fig. 41-9. 

The diagram shows at a the transmitter 
picture carrier and all the side frequencies 
which could be produced. These are the 
side frequencies which would result if 
the carrier were modulated by all fre-
quencies from 30' cps to about 4 mc, and 
if each modulating frequency had equal 
strength. Normally, the carrier is seldom 
modulated at the same time by all these 
frequencies, and the modulating frequen-
cies are not always equal in strength. 
However, the diagram indicates that when 
any set of side frequencies within the 30-
cps to 4-mc range are radiated, they have 

double single f-m sound 
sideband sideband channel 

50 KC 

8.4-1 / 25 I 25 125 (0 4 MC -0•I MC MC 

sound 
carriér 

‘.7 .---1.25MCF---v--i4 AIC freauency—s. 

lower (vestigial) 
sideband 

pix 
carrier 

(al 

6 MC   
sound carrier 

1.11.2514-- 4.5MC 

w— approx. 4 mc 

0.25 MC 

pix 
carrier 

(b) 

Fig. 41-9 

frequency—._ 

the relative strength shown. 

The diagram at b is merely a more con-
ventional way of indicating the relative 
strength of the signal sent out by the 
transmitter at each frequency in this 6-mc 
range. 

If we attempted to use double-sideband 
transmission for the picture signal, the 
highest video modulating frequency which 
could fit in the 6-mc channel would be 
less than 3 mc, and horizontal detail 
would be lost. 

What is a Receiver Response Curve?— 
Thus far, we have beendiscussing curves 
which represent the frequencies sent out 
by the transmitter. We must now consider 
curves which illustrate frequencies at the 
TV receiver. 

The response curve of a receiver is a 
curve showing the relative amplitude with 
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which signals of various frequencies pass 
through one or more circuits of a receiver. 
Consider a parallel-resonant input circuit 
feeding the grid of an amplifier tube. We 
know that this circuit has a resonant fre-
quency which depends upon the values of 
L and C, and that it offers maximum im-
pedance to signals at resonance, permit-
ting these signals to build up a large vol-
tage. The relative amount of voltage de-
veloped by any signal depends principally 
on how close to the resonant frequency the 
signal is, and on the Q of the circuit. If 
the Q is high, the circuit will be sharply 
resonant,and a signal must be quite close 
to resonance to develop an appreciable 
voltage. 

Assume that the circuit has a high Q, 
and that the resonant frequency is 1,000 
kc, as shown at am n Fig. 41-10. If we in-
ject equally strong signals at various fre-
quencies around 1,000 kc and measure the 
voltages at the tube grid, we can plot the 
measured voltages and see the relative 
ease or difficulty with which the signals 
pass the circuit. 

Suppose the first signal is at the exact 
resonant frequency of 1,000 kc. Measuring 
the voltage, we find 5 volts at the tube 
grid, so we draw a vertical line 5 volts 
long at 1,000 kc on the graph, as shown in 
b of the diagram. With the voltmeter still 
connected, we vary the frequency toward 
1,001 kc. The voltmeter reading imme-
diately drops off, and at exactly 1,001 kc 
the signal is developing only 2 volts. We 
plot this on the graph. Halfway between 
1,001 and 1,002 kc the voltage drops to 
zero, so we put a small mark at that point 
on the graph. On the low side of reso-
nance, the meter reads 2 volts at 999 kc 
and drops to zero halfway between998and 
999 kc. With all the lines representing the 
voltage developed at each frequency, the 
graph should look like that at b in Fig. 
41-10. 

This graph gives us a picture of how 
much voltage signals at various frequen-
cies will develop, and the comparative 
ease or difficulty with which they can 
pass through the circuit. If we draw an 
outline, by running a curve through the 
tips of the lines, we have the same infor-

high 0 

fr =1000 KC 
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3-

2-
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(a) 

998 999 1001 1005 

frequency KC—. 

(b) 

995 998 1000 1002 1005 

frequency KC 
(c) 

Fig. 41-10 

mation in the form of a conventional re-
sponse curve, illustrated at c. The dis-
tance from any point on the curve straight 
down to the base line shows the relative 
amplitude which a signal at that frequen-
cy could develop in this circuit. 

Now compare the response curve at 
c with the curve of the sharply-tuned re-
ceiver of Fig. 41-6. That receiver was 
too narrow-band to tune either of the side 
frequencies carrying the 5-kc modulating 
signal. This high-Q resonant circuit, then, 
is not satisfactory to receive signals car-
rying audio information in the sidebands. 

We can reduce the Q of this circuit and 
"broadband" it by introducing resistance, 
as shown at a of Fig. 41-11. Now, if we 
inject equally strong signals at various 
frequencies, many more are able to deve-
lop appreciable voltages across the cir-
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cuit, and the response curve becomes flat-
topped, indicating that the c ircuit responds 
to a much wider band of frequencies. In 
fact, it now has a response even wider 
than that shown in Fig. 41-7, and will re-
ceive the side frequencies shown there, 
reproducing the 5-kc modulating signal. 

/Ow 0 
fr = 1,000 Kb. 

1,005 995 4000 

(b) 

Fig. 41-11 

frequency Kb. 

This series of illustrations demon-
strates two basic tacts: 

1. The response curve shows how well 
signals of various frequencies within 
a band are passed through a particu-
lar circuit or set of circuits. 

2. To reproduce all the signals impres-
sed on a carrier, the response of the 
receiver must be sufficiently broad 
to accept at least one entire side-
band, which includes all the modu-
lating frequencies. 

In other words, we must adjust the re-
sponse of the receiver circuits according 
to the range of frequencies contained in 
the modulating signal, whether audio or 
video. To receive a station transmitting 
double sidebands 9 kc wide, as shown at 
a of Fig. 41-12, all the signal circuits in 
the receiver must be tuned broadly enough 
to accept all the frequencies in the full 
9-kc bandwidth, as shown at b. Not only 
this, but all the circuits must be tuned to 

the same 9 kc, as will be seen later. If 
the circuits are broad-tuning, and the set 
is correctly aligned, all the audio-modu-
lating frequencies from 0 to 9,000 cycles 
(9 kc) will be able to develop the same 
strength at a given point. The drawing at 
the right in b shows that all signals up to 
9 kc develop 5 volts. If any signals above 
9 kc were transmitted, they would be at-
tenuated, because the response drops off 
sharply above this, as can be seen in the 
drawing. 

991 1,000 KC 6009 

carrier frequency icc-0.-

(a) transmitter output 

991 1,000 1,009 0 

frequency KC -4.-
3,000 9,000 

audio —.-
frequency 

(b) receiver correctly aligned 

991 4000 1,009 o 
frequency Kc -1.-

3,000 9,000 

audio —*-
frequency 

(c) receiver insuficient bandwidth 

Fig. 41-12 

We could build the receiver circuits so 
that they would accept a full 18-kc band-
width, in which case they would accept 
both sidebands, as shown by the dotted 
line in b. AM radió receivers use this ar-
rangement. The voltage level of the sig-
nal would be about twice as high — theo-
retically,about 10 volts at the second de-
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tector instead of 5 — because each side-
band contains 50 percent of the modula-
tion energy. Receiving both of them thus 
boosts the signal level. This is offset, 
however, because broadening the response 
of an amplifiercircuit reduces the over-all 
gain, so the result might be less than the 
original 5 volts, depending upon how much 
gain was lost. 

If there isn't enough bandwidth to re-
ceive a complete sideband, we lose part 
of the modulation information, as shown 
at c of Fig. 41-12. Here the receiver cir-
cuits are out of alignment. They respond 
to only 3,000 cycles, and sharply atten-
uate the modulating frequencies from 3,000 
to 9,000 cycles. This means that if we 
turned to a station broadcasting orches-
tral music, we would not hear high notes 
from the violins, clarinets, oboes, etc., 
and even human voices might sound dis-
torted because of the loss of higher audio 
frequencies. 

A I ig n me n t. — Alignment consists of 
tuning the resonant circuits of the receiv-
er r-f and i-f stages: ( 1) to make the re-
sponse broad enough to pass all sidebands 
of the signal, and (2) to align all the re-
sonant circuits to the correct frequency 
band. 

Figure 41-13a shows three amplifier 
circuits in cascade. Any signal passing 
through the receiver must pass through all 
three of these amplifiers, so anything 
which happens to the signal in any one of 
them can spoil the over-all reception. For 
instance, if # 1 and #3 were tuned broadly 
enough, but #2 had a narrow- band response 
like that illustrated in c of Fig. 41-12, 
all the modulating frequencies from 3,000 
to 9,000 would be attenuated as they 
passed through # 2. All these higher-pitch-
ed sounds would be missing at the loud-
speaker. 

Assume, however, that all three cir-
cuits tune a 9-kc band without difficulty. 
If the circuits are correctly aligned, each 
one tunes from 1,000 kc to 1,009 kc, which 
includes the 1,000-kc carrier plus the up-
per sideband, and the three individual re-
sponse curves fall at the same place on 
the graph. This is illustrated at b of Fig. 
41-13. Note that all the circuits accept 

all the frequencies in the desired range, 
so the output signal after detection is 
"flat" (equal in strength) for all the au-
dio-modulating frequencies from 0 to 9,000 
cycles. 

Now, consider that one circuit — #3 — 
has gone out of alignment. This is shown 
at c. Circuit #3 still has a bandwidth of 
9 kc, but it is accepting frequencies from 
994 to 1;003 kc, instead of the desired 
1,000 to 1,009 kc. That is, it is not a-
ligned to the correct frequency band. As 
a result, all the desired frequencies pass 
through circuits # 1 and #2 at full strength, 
but when they reach # 3, the frequencies 
above 1,003 kc are sharply attenuated. 
Consequently, these frequencies are mis-
sing from the output, as shown by the 
shaded sections of the drawing, and the 
high-frequency portion of the modulation 
information has been lost. 

If we re-tune circuit #3, we can move 
the response curve back up until it coin-
cides with the other two. When we do this, 
#3 is brought back into alignment, and the 
curves again look like those in b. 

How can both the high and the low fre-
quencies be cut off? Examine the drawing 
at d of Fig. 41-13. Again circuit #3 is 
tuned too low, so it is accepting the band 
of frequencies between 994 and 1,003 kc, 
and we're losing the frequencies between 
1,003 and 1,009 kc (the high end). But 
this time circuit #2 is also out of align-
ment — tuned a little too high and accep-
ting only frequencies between 1,002 and 
1,011 kc. The low frequencies, from 1,000 
to 1,002 kc, are blocked when they reach 
circuit # 2, and disappear from the output 
along with the high frequencies,as shown 
by the shaded portions of drawing d. In 
this case, the only audio frequencies get-
ting through all three circuits are those' 
from 2,000 to 3,000 cycles. All the rest 
are lost. 

If a scope were connected at the out-
put of the detector, with a sweep genera-
tor feeding the input # 1, the waveshape 
on the scope would look like the center 
unshaded portion of the curves at d. As 
we re-tuned circuit #2 toward the proper 
frequency, we would see the left-hand 
side of the waveform ( marked X) move to 
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the left. When it reached the proper po-
sition, the low-frequency response would 
be restored and the waveform would look 
like that in c. Then, as we retuned cir-
cuit #3, the right-hand side of the wave-
form (Y) would move to the right until it 
reached 1,009 kc and the final shape ap-
peared as in b. High-frequency response 
would be fully restored, and the circuits 
would be in alignment. 

3,000 9,000 audio 
frequency 

9,000 audio 
frequency 

9,000 audio —*-
frequency 

Of course, it is possible when re-tun-
ing to move any curve too far, and over-
shoot the correct adjustment point. For 
example, in moving curve #2 down to 1,000 
kc, we might go beyond and stop at 998 kc 
instead. Thus we would correct the low-
frequency response, but the right-hand 
side of the curve would be located at 1,007 
kc, cutting the highs. Therefore, it is im-
portant in aligning to watch the frequen-
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cies as well as the amplitude and shape 
of the waveforms. The baseline, on the 
scope just as in the drawings, represents 
frequency. Knowing what frequencies the 
sweep generator is producing, we can es-
timate the approximate frequency of any 
point on the baseline. With a marker ge-
nerator, we can locate any frequency point 
with exactness. 

TELEVISION RECEIVER RESPONSE 

41-3. We've seen that the circuits of a 
receiver must respond to a certain band-
width or range of frequencies which de-
pends upon the modulating frequencies im-
pressed upon the carrier. Only when all 
the modulating frequencies develop ap-
proximately equal amplitude can the receiv-
er reproduce all the information transmit-
ted, whether the notes of the audio range 
or the video details of a television pic-
ture. 

Let's take a look at the output curve 
of the television transmitter. This is 
shown at a of Fig'. 41-14. Since complete-
ly eliminating one of the sidebands leads 
to serious phase distortion, vestigial side-
band transmission is used; that is, the 
entire upper sideband and the 1.25-mc low-
frequency part of the lower sideband is 
transmitted. The remaining 2.75 mc of the 
lower sideband is completely eliminated 
before transmission. This gives, in effect, 
double-sideband transmission for video 
modulating frequencies up to 1.25 mc, 
and single-sideband transmission for the 
video frequencies from 1.25 to 4 mc. 

Each sideband in the AM signal car-
ries 50 percent of the modulation energy. 
Therefore, the lower video frequencies 
have 100-percent modulation, while the 
higher frequencies, from 1.25 to 4 mc, 
have only 50-percent modulation. Thus the 
low video frequencies are boosted consi-
derably. 

At b of Fig.41-14 is shown the charac-
teristic over-all response curve of the te-
levision receiver for Channel 2. The cir-
cuits are so arranged that an approximate-
ly straight-line (linear) slanted response 
exists on the picture-carrier side of the 
curve When the receiver is properly a-

upper sideband 
4 MC 

25 MCI4«el 25 MC 1-* 

502 

o 
54 55 56 57 58 59 '60 

fréquency 

5'5 5'6 

(a) 

attenuation is 
linear over double-
sideband region 

response to carrier 
frequency is 502 

""'1/4 pix carrier 

f-m 
sound 
carrier 

54 5'7 59 

(b) 

pix 
carrier 

0.5 MC video side 
frequencies 

60 

frequency Mc 

55 56 57 58 59 

Fig. 41-14 

ligned, the picture carrier frequency de-
velops only about half the signal strength 
developed by the higher video frequencies. 
High video frequencies are represented by 
side frequencies farthest removed from the 
carrier. Since the double-sideband (low-
frequency) portion of the transmission car-
ries twice as much modulation energy as 
the rest, the 50-percent attenuation of this 
portion at the receiver corrects for the dif-
ference in sideband strength which occurs 
at the transmitter. 

This can be clarified by considering a 
single video feèquency — say 0.5 mc — 
which is in the double-sideband portion. 
Two side frequencies are transmitted,each 
0.5 mc away from the carrier. What hap-
pens to these freq.uencies in the receiver 
circuits is shown at c of Fig. 41-14. The 
side frequency above the carrier is able 
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to develop only 75 percent the signal 
strength of video frequencies above 1.25 
mc. The side frequency below the carrier, 
however, develops only 25 percent of the 
maximum strength.Together, the two side 
frequencies develop 75 percent plus 25 
percent, or a total strength the same as 
the high-frequency video signals in the 
single-sideband region. 

The effect of locating the picture car-
rier midway on the slope of the receiver 
response curve, therefore, is that all the 
video modulating frequencies develop the 
same signal strength in the receiver. 

The curve shown in Fig.41-14bis the 
receiver's over-all response; the response 
from antenna to picture second detector. 
The shape of this curve corrects for the 
distortion caused by vestigial-sideband 
transmission. 

The characteristic shape of the receiv-
er response is produced in the i-f am-
plifier, since most of the receiver's gain 
is in the i-f amplifier. Figure 41-15a 
shows the transmitter output, and Fig. 
41-156 shows the receiver r-f response. 
It can be seen that the r-f amplifier re-
sponse is not the same as the i-f re-
sponse. As illustrated in c of the dia-
gram, the transmitter output appears the 
same at the antenna and the input to the 
converter. Compensation for vestigial-
sideband distortion is made in the i-f am-
plifier. I-f curves for split-sound and in-
tercarrier type receivers are shown in d 
and e of the diagram. Note that the re-
sponse of the i-f amplifier is of the same 
shape as the over-all response (Fig. 
41-146), while the r-f response is flat 
and symmetrical. 

Traps to minimize interference from 
adjacent television channels are located 
in the i-f amplifier. Therefore, these traps 
affect the i-f response curve and the over-
all response curve, but not the r-f curve. 
This is shown in Fig. 41-15 d and e. 

In intercarrier receivers,sound signals 
are amplified in the picture i-f amplifier. 
For this reason, the shapes of the i-f and 
over-all response curves of split sound 
and intercarrier receivers differ slightly, 
as shown in d and e of the diagram. Note 
that there is zero response at the sound 

of) 
O 

(a) transmitter 
output 

(b) 

(c) 

receiver r-f response 
(antenna, r-f and 
converter circuits) 

transmitter output 
unchanged at 
input of converter 

(d) split sound receiver 
i-f response 

(e) intercarrier receiver 
f response 

adjacent channel 
pix traps 

Fig. 41-15 

carrier frequency in the split-sound re-
ceiver curve 5 while in the intercarrier re-
ceiver the response is about 5 percent 
above zero amplitude. 

R- f, 1-1, and Video Frequencies. — 
Figure 41-16a shows an r-f response curve 
for Channel 2. Note that frequency in-
creases from picture carrier to sound car-
rier. This always holds true. A typical 
i-f response is shown at b. Here, frequen-
cy increases from sound carrier to pic-
ture carrier. This is always true when the 
local oscillator operates above the fre-
quency of the station being received, 
which is usually the case. The video re-
sponse is illustrated at c.Zero video fre-
quency corresponds to the picture carrier, 
and the sound carrier is near the high vi-
deo frequencies in the•r-f and i-f response 
curves. Video frequency always increases 
from picture carrier to sound carrier. 

Figure 41-16d shows an over-all re-
sponse curve. This curve always has the 
characteristic shape shown, but may be 
calibrated in radio frequencies, interme-
diate frequencies, or video frequencies. 
When calibrated in radio or video frequen-
cies, the increase'is from picture carrier 
to sound carrier; when calibrated in in-
termediate frequencies, it is from sound 
carrier to picture carrier. 
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Requirements of Alignment Equipment 
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Bandwidth Requirements. — From the 
foregoing discussion, we know that the 
various circuits must have sufficient 
bandwidth to pass easily all the frequen-
cies in the transmitted signals. 

The entire transmitted signal is allow-
ed to pass unaltered through the r-f tuner, 
or front end. This includes both the video 
and sound signals, so the front end must 
accept the entire channel. In other words: 

R-f bandwidth = 6 mc 

In the picture i-f amplifier, the band-
width depends upon whether we have se-
parate sound circuits or an intercarrier 
arrangement. Even with separate sound, 
the sound signal may travel through some 
stages of the picture i-f amplifier before 
it is taken off at a trap. In this case, 
those stages which pass video-plus-sound 
must have greater bandwidth than those 
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which pass the video signal alone. In ge-
neral, we can say that the picture i-f am-
plifier will accept a bandwidth covering 
all the frequencies in the video signal. 

Separate-sound receiver: Picture i-f 
bandwidth = 4 inc 

In intercarrier sets, the sound signal 
passes through all the picture i-f stages, 
which means that there must be additional 
bandwidth. Ordinarily, the total is at 
least equal to the frequency separation 
between the picture and sound carriers. 

Intercarrier receiver: Picture i-f band-
width = 4.5 mc 

The sound i-f amplifiers need not be 
as broadband as the picture i-f stages, 
since the total width of the sound signal 
is only about 50 kc. In separate-sound 
circuits, however, the sound i-f may vary 
with drift of the oscillator, so the band-
width is made broad enough to prevent 
cutting off or distortion of the sound. The 
actual bandwidth differs from model to 
model, and it is best to consult the ser-
vice notes. 

Separate-sound receiver: Sound i-f 
bandwidth = 150 to 250 kc 

We don't have to worry about oscilla-
tor drift in intercarrier sets, since the 
4.5-mc sound i-f is determined by the 
separation between carriers, which is 
held within ±0.004 percent at the trans-
mitting end. The only reason for main-
taining a fairly broad bandwidth is to 
give a good linear operating slope at the 
discriminator or ratio detector. 

Intercarrier receiver: Sound i-f band-
width = About 200 kc 

In some cases, the sound i-f band-
widths may be wider or narrower than the 
ones listed above, which are close to 
optimum. 

REQUIREMENTS OF ALIGNMENT 
EQUIPMENT 

41-4. We need certain test equipment 
to align TV receivers satisfactorily. Each 
piece of equipment must possess certain 
minimum characteristics if it is to perform 
adequately. The required units are the fol-
lowing: 
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Cathode-ray oscilloscope 

Sweep generator 

Marker oscillator 

Electronic voltmeter 

Bias Box 

(CRO or scope) 

(Sweep) 

(Marker) 

(VTVM) 

The Oscilloscope. —The requirements 
of the scope for alignment work are not 
particularly critical. The most important 
thing is that it should have good low-fre-
quency response down to about 10 cps. 
This is necessary because the input sig-
nal from the sweep generator usually va-
ries at 60, 120, or 240 cycles per second, 
with 60 cps probably the most common. 
If the unit is to be used for other TV ser-
vicing purposes— as it probably will be — 
it must meet other requirements as well. 

The Sweep Generator. — Basically, 
the sweep generator is an oscillatorwhich 
varies or " sweeps" rapidly over a parti-
cular band of frequencies. For example, 
when set to cover Channel 2, the output 
signal of the sweep starts at 52 mc, runs 
up to 62 mc, and back again. This is a 
bandwidth of 10 mc, more than enough to 
cover the 6-mc TV channel. While the out-
put frequency is varying, usually at 60 
cps, the output voltage should remain ap-
proximately constant. 

Suppose we connect this sweep ge-
nerator to the vertical plates of a scope. 
We can't make a direct connection, be-
cause the sweep output in this case is 
high- frequency r- f, so we make the con-
nection through a simple detector or rec-
tifying probe, as shown in Fig. 41-17a. 
The scope will show the rectified output 
of the detector, which is d-c correspond-
ing in amplitude to the sweep output over 
the whole sweep bandwidth. 

With the scope operating but no sig-
nal from the sweep, there is no vertical 
deflection of the CRO beam. When the 
sweep signal is applied, however, this 
output voltage deflects the spot upward 
or downward, depending on the polarity 
of the output. The distance the beam is 
deflected depends upon the actual vol-
tage of the sweep signal at any parti-
cular instant. If at the same time the hori-
zontal plates of the CRO are being fed a 
signal which pulls .the spot from left to 
right during the time it takes the sweep to 

vary frequency from 52 to 62 mc, the spot 
will trace a horizontal line on the screen. 
Every point on the line will represent a 
definite frequency between 52 and 62 mc. 

Two types of horizontal sweep for the 
CRO are used, depending on how the 
sweep generator varies frequency. If the 
frequency goes from the low end of the 
band to the high end at a steady rate, 
then snaps back to the low end, a saw-
tooth horizontal-deflection voltage is re-
quired on the CRO. This is the most com-
monly used method. If the frequency of 
the sweep generator is made to vary at 
the same rate as a sine wave (by frequen-
cy modulation), the frequency will start 
at the low end of the band, increase at a 
sinusoidal rate, then reverse itself and 
decrease sinusoidally from the high to the 
low end. In this case, there is no sudden 
flyback of frequency, so there can be no 
flyback of the CRO spot, such as is pro-
duced by a sawtooth deflection voltage. 
Instead, we must apply a sine wave to the 
horizontal plates of the CRO, which 
causes the spot to move from left to right 
at a sinusoidal rate, stop, and move back 
at the same rate. This corresponds exact-
ly to the manner in which the sweep ge-
nerator frequency varies, so the line trac-
ed on the screen of the scope is an ac-
curate horizontal graph of the output fre-
quency of the sweep generator. 

In sweep generators which give .an 
output frequency-modulated at the power-
line frequency, the CRO spot always tra-
ces two curves on the screen, one repre-
senting increasing frequency from the low 
to the high end of the band, the other re-
presenting decreasing frequency. Under 
normal conditions, these two curves 
should be exactly alike, and it should be 
possible to superimpose one on the other 
so that they appear as one. This is ac-
complished with the phasing control on 
the sweep generator. 

When the sweep generator output is 
fed directly to the scope, the horizontal 
line representing the sweep generator out-
put will be straight if the sweep output 
voltage remains constant at every frequen-
cy, but if the voltage increases or decrea-
ses at some frequency, a corresponding 
bump or dip will appear in the line at the 
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point representing that frequency. The 
straight-line output of a good sweep ge-
nerator is shown in Fig. 41-176. It shows 
a constant output of 0.1 volt over the en-
tire bandwidth between 52 and 62 mc. The 
graph on the CRO represents amplitude in 
the vertical direction. 

If the sweep is operating at 60 cps, 
the CRO spot moves from the left-hand 
side to the right-hand side in 1/120 of 
a second to trace this line. During the next 
1/120 of a second, the sweep frequency 
decreases to 52 mc, and the CRO spot 
moves back from right to left, tracing a 
second line over the first. Then the entire 
process is repeated. 

Now, let's insert a simple resonant 
circuit ahead of the detector. We'll use 
a circuit loaded with resistance to give 
a bandwidth of about 6 mc, with the point 
of resonance at 57 mc, right in the middle 
of Channel 2 and the center of the sweep 
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band. The connection is made as shown 
in Fig. 41-18a. 

When the sweep is turned on, the ac-
tual sweep output is the same as before, 
but the trace on the CRO screen looks 
considerably different, as the diagram il-
lustrates. Let's follow one cycle of the 
sweep output. 

At 52 mc, the sweep output is 0.1 volt, 
but this frequency is not within the band-
width of the resonant circuit, so no signal 
gets through to the detector. This means 
that the detector output is zero, and the 
scope trace remains on the zero line. Not 
until the sweep frequency reaches the 
edge of the passband at 54 mc does the 
CRO spot leave zero. At 54 mc, the reso-
nant circuit permits a small signal to pass 
through to the detector, and the spot is 
deflected upward a short distance, pro-
portional to the strength of the signal 
(assuming the polarity is positive). 

CRO 

ERT HOP 

(a) 

Fig. 41-18 
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-.I— frequency --o-
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As the sweep frequency continues to 
increase toward the resonant frequency, 
the circuit permits more and more of the 
output signal to pass through and be de-
tected. Thus the rectified d-c from the de-
tector rises in proportion to the amount of 
signal passed by the circuit under test, 
and the CRO spot traces an upward curve 
until 57 mc is reached. At this frequency, 
the circuit is permitting the sweep output 
signal to develop maximum strength, and 
the curve on the CRO screen reaches its 
highest point, as shown in Fig. 41-18b. 

Above 57 mc the circuit again begins 
to attenuate the sweep output voltage, and 
the curve descends accordingly. At 60 mc 
only a slight signal is getting through, 
and above this the trace returns to zero, 
indicating that no signal is passed. When 
the sweep frequency reaches 62 mc, it 
reverses and traces the same curve in the 
opposite direction. When the phasing is 
adjusted correctly, these traces lie one 
over the other and only a single curve is 
seen. 

The curve on the scope shows exactly 
how the circuit under test responds at 
every frequency in the sweep" band. ' In 
other words, we put out a constant vol-
tage and vary the frequency, and the cir-
cuit being tested modifies the signal am-
plitude according to its own bandpass 
characteristics. Notice that the curve 
traced in Fig. 41-18 is shaped exactly 
like the theoretical response curve of a 
broadband resonant circuit. 

We get similar results when we feed 

pix 

SWEEP 

pix 
i-f 

(o) 

the sweep signal into the first picture i-f 
stage,for example,and connect the scope 
to the output of the picture 2nd detector, 
changing the sweep frequency to cover 
the i-f range. This connection is shown 
in Fig. 41-19a. The i-f stages accept or 
reject the various frequencies within this 
range according to their own bandpass 
characteristics. If they are properly a-
ligned, the scope will show the typical 
picture i-f response curve, shown in Fig. 
41-19b. 

So far these curves have been shown 
in the conventional aspect — with upward 
deflection and with the low-frequency end 
at the left. In actual practice,you'll just 
as often get response curves that are 
upside-down or right- to-left. Learn to read 
the curves in any position! Most of them 
are distinctive enough that this is not dif-
ficult. 

When the polarity of the voltage reach-
ing the vertical plates of the CRO is ne-
gative,it causes a downward reflection of 
the spot. This causes the curve to appear 
upside-down. The polarity of the output 
voltage from the circuit under test, the 
number of vertical-amplifier stages in the 
scope, and the connections to the CRO 
all affect the polarity of response. 

If the horizontal deflection voltage is 
reversed in polarity, the low-frequency 
response appears at the right instead of 
the left. We cannot control this, either, 
but it doesn't matter so long as we re-
cognize which is which. 

FISZ• 4 1-19 

channel 4 
pix carrier 

19.75MC 

sound carriér 
21.25MC 

channel 3 , 
s.- 6Afc _,,.1 25.75 MC 
: ¡channel 2 
. : sound 

carriér 

frequency 

(b) 



Requirements of Alignment Equipment 

Up and down movement of the CRO 
spot corresponds to changes in the vol-
tage or amplitude of the signals coming 
through the test circuit. 

Left and right movement of the spot 
represents changes in frequency of the 
test signals from the sweep generator. 
In Fig. 41-19, for example, the left-hand 
end of the trace represents a frequency 
of about 19 mc, while the right-hand end 
is about 28 mc. 

Figure 41-20 shows the four presen-
tations of the picture i-f response curve 
which might be seen, depending upon the 
factors discussed above. The conventional 
aspect is shown at a, right-side up and 
low frequency at the left. The others 
show the same curve, with different po-
larities at the vertical and horizontal and 
CRO plates. 

right- side up 
low-frequency at left 

(a) 

upside-down 

low frequency at left 

(C) 

right- side up 
low frequency of right 

(b) 

upside-down 
low frequency at right 

Fig. 41-20 

(d) 

The requirements which Ole sweep 
must meet to give good results in align-
ment are more rigid than those for the 
scope. 

The output voltage over each band of 
frequencies covered by the sweep must 
be quite constant: within plus or minus 
5 percent. If there is a hump or a dip in 
the sweep output, there will be a corre -
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sponding hump or dip in the response 
curve. This might lead us to suspect faul-
ty alignment of the circuits under test, 
when actually the fault was with the 
sweep. If we realigned the set to make the 
curve look as it should, the resulting per-
formance on a television signal would be 
very poor. The output voltage should re-
main flat at all positions of the attenua-
tion control. 

In respect to frequency, a sawtooth 
sweep should be fairly linear. That is, 
if 10 mc are swept in 1/60th of a second, 
5 mc should be swept in 1/120th, 2.5 mc 
in 1/240th, etc. A non-linear output might 
sweep 6 mc in the first 1/120th and only 
4 mc in the last 1/120th. This difference 
in linearity is illustrated in Fig. 41-21. 
The sinusoidal type of sweep is not li-
near, and need not be, since the same 
power-line sine wave is used both for the 
sweep generator and the CRO horizontal 
plates. 

good, linear 
sweep 

52 54 56 58 60 62 
of • I ' 1, 191 

Fe_ frequency,' 
In hic 

poor, non - linear 
sweep 

52 54 58 62 

Fig. 41-21 

frequency 1.0_ 
in tic 

The sweep must have narrow and wide 
sweep widths, and it must cover the te-
levision r-f, i-f, and video ranges. The 
sweep width required to align the sound 
i-f section should be around 2 mc, while 
about 10 mc is needed to cover the band-
width of the r-f and picture i-f sections. 

Since at times we feed tile sweep sig-
nals through single low-gain circuit, and 
at other times through several high-gain 
circuits, an attenuation control to vary 
the sweep output is needed. Without such 
a control, we may overload the i-f ampli-
fiers,clipping off the top of the curve. On 
the other hand, to get a reasonable a-
mount of deflection when aligning a single 
stage, the sweep should have a useful 
output of at least 0.1 volt. 

The sweep and the scope must operate 
in sync with each other. That is,the CRO 
spot should begin its movement across the 
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screen at the same instant that the sweep 
begins its travel up or down the band of 
frequencies. All television sweeps, there-
fore, provide a deflection voltage which 
can be fed to the horizontal plates. (Oc-
casionally a sync voltage is provided.) It 
is almost always necessary to connect 
these deflection terminals on the sweep 
generatorto the horizontal input terminals 
on the scope. The sweep generator is 
then providing the horizontal plates with 
deflection voltage. This is why it is pos-
sible to have controls, such as phasing 
and blanking on the sweep generator in-
stead of on the scope. 

One of the chief reasons for using the 
horizontal deflection voltage provided by 
the sweep generator is that synchroniza-
tion is much better than it would be if the 
scope's internal sweep were used — there 
is no slow drift of the presentation,which 
might otherwise occur. Every scope has 
an internal sawtooth sweep oscillator, but 
this cannot be used with a sinusoidal type 
of sweep generator. If it were, more than 
one curve would be obtained on the CRO 
screen. Some scopes have provision for 
internal sinusoidal deflection voltage, as 
well, but except in certain cases men-
tioned below, these cannot be used be-
cause the phase of the sweep generator 
output is different from that of the hori-
zontal CRO plates, and the two traces on 
the screen cannot be made to appear as 
one. 

A phasing control is provided on all 
sweeps that have a double trace (one 
trace formed on left-to-right movement of 
the spot, the other on the return move-
ment). This control furnishes a means of 
moving the two traces horizontally until 
one is superimposed on the other. This 
is illustrated at a and b of Fig. 41-22. 
If the 60-cycle line voltage is not a sine-
wave voltage, the two traces cannot be 
made to appear as one, because their 
shapes will be slightly different. 

On some sweeps, a blanking control 
blanks the sweep output during the period 
of the return trace. Instead of forming the 
second trace, the spot drops to the zero 
point and forms a base reference line as 
it returns to the starting point. Fig. 
41-22c shows how this looks on the 

(a) 

(b) phasing 

(c) blanking 

separate 
traces 

phasing used to 
superimpose one 
trace on the other 

spot traces 
reference line 
during return 

Fig. 41-22 

screen of the scope. 

The final requirement — and an impor-
tant one — is that the output of the sweep 
should be arranged so that it can be used 
single-ended for i-f and sound alignment, 
or balanced for r-f alignment. 

The Marker Oscillator. — A marker os-
cillator is simply an accurate signal ge-
nerator used to put a " mark" on the re-
sponse curve at any desired frequency. 

For example, when only a sweep and 
a scope are connected to the picture i-f 
section of a television receiver, as shown 
in Fig.41-19, only the bare curve is seen 
on the scope. It may appear to have the 
correct shape, but there is nothing to in-
dicate where the picture carrier falls. 
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MARKER 

(a) 

Fig. 

Thus the alignment may be seriously off, 
the traps incorrectly tuned, etc. While we 
know that the whole response curve co-
vers a certain band of frequencies, we 
cannot be certain just where a particu-
lar frequency is. 

By coupling a marker oscillator into 
the circuits, as shown at a of Fig. 41-23, 
we can insert a signal at any frequency. 
When the sweep frequency passes through 
the marker frequency, a zero beat is pro-
duced, and shows up as a mark on the re-
sponse curve. This is illustrated at b. 
The actual marker frequency is the point 
where the " break" occurs in the marker 
pip: the zero beat. On scopes with good 
high-frequency response, the beat or mark 
may be much wider than this, making it 
difficult to read the curve . When this hap-
pens, resistance in series with the scope 
input lead,or capacitance across it, must 
be used. 

If the marker oscillator of Fig. 41-23 
is set at 25.75 mc, the mark appears on 
the curve at the point corresponding to 
that frequency. Since that is the picture 
carrier i-f,a glance at the curve indicates 
whether or not the picture i-f stages are 
aligned so that the carrier falls at 50 
percent, where it should normally be. 

We can also determine the frequency 
of any point on the curve by tuning the 
marker oscillator until the mark moves to 
that point. Then we read the dial of the 

marker 
frequency 

41-23 

(b) 

marker unit to determine the frequency of 
the point . By tuning the marker over the 
band that the sweep is operating in, we 
can move the mark from one end of the 
crrve to the other. 

The marker is also very useful for 
tuning traps, and when 400-cycle ampli-
tude modulation is used it offers an easy 
means of finding the center frequency of 
the discriminator response. 

The most important requirement of the 
marker oscillator is good accuracy. This 
is not easy to obtain, particularly at the 
high r-f frequencies; careful calibration 
is necessary to insure that the marker sig-
nal falls exactly on the required sound 
and picture carrier frequencies. 

The frequency range covered by the 
marker must include both the i-f and r-f 
ranges,and usually goes somewhat above 
the sound-carrier frequency (215.75 mc). 
Some markers also extend below the 20-
mc i-f range. 

The marker should have good dial 
spread, or a vernier arrangement which 
will give easy-reading separation between 
1/4-mc points at the highest frequencies. 

There should be either a 400-cycle 
built-in modulator or provision for external 
amplitude modulation of the markersignal, 
for checking discriminator response. The 
marker oscillator must always be allowed 
to warm up for fifteen minutes before it is 
used. 
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The Voltmeter. - Any reasonably ac-
curate voltmeter may be used in TV align-
ment, but the vacuum-tube type is most 
practical, because it causes less loading 
of the circuits, and because it often has 
a center-zero arrangement. The following 
discussion refers to the meter as the 
VTVM, but any high-impedance meter can 
be used. 

The Bias Box. - A bias box is neces-
sary, to provide a means of overcoming 
AGC action during alignment and to pre-
vent variation of the response curves, 
which might occur if the bias varied. It 
simply provides a fixed bias in place of 
the normal AGC bias. Its construction and 
use have been covered in previous les-
sons. 

READING TV RECEIVER RESPONSE CURVES 

41-5. Having seen what response cur-
ves are and how they are reproduced on 
the scope for visual alignment purposes, 
it's time to examine typical curves for 
various parts of the television receiver. 
Several questions must be answered, 
such as: 

flow much can we vary from the typical 
curve and still have good alignment? 

What effect do poor curves have on pic-
ture quality? 

How do we get the typical picture i-f re-
sponse from a group of circuits tuned to 
different frequencies? 

The R-f Response Curve. - In order 
to see the r-f response curve,we connect 
the sweep generator to the antenna termi-
nals (through a matching pad, if neces-
sary) and loosely couple the marker out-
put to the same terminals. The scope is 
connected to the converter grid circuit. 
This arrangement is shown in Fig. 41-24a. 

The r-f response curves are usually a 
set of compromises, since the setting of 
the high-frequency channels normally af-
fects the low-frequency channels. The 
picture and sound carriers ( which we lo-
cate by setting the markerfirst to one and 
then the other) fall at the peaks of the 
curve, and these peaks are the same 
height. The valley or dip between the 
peaks is shallow. The curve is symmetri-
cal, and the bandwidth at the 70-percent 

(a) 

peak 
pix 4.5MC 

\ I carrier 

volley 
or dip 

4— 6 MC 
bandwidth 

s at 702 pointsi 

(b) r-f response 

Fig. 41-24 

sound 
carrier 

points is the full 6 mc required to pass 
the channel. (Remember that the curve 
may be reversed or upside down on the 
s cope.) 

Not all r-f response curves will look 
like this one; even the curves for other 
channels on the same tuner will be dif-
ferent. And if we used different test e-
quipment on the same tuner, there might 
be variation in the curve. Manufacturers' 
literature on a particular model gives the 
proper response curves, and the service 
data should always be used as a guide. 

Figure 41-25 illustrates a typical set 
of r-f curves, taken from the service data 
on the RCA KRK-5 tuner. Note the dif-
ferences in Channels 3, 6, and 12, and 
how the'carriers fall on the shoulders of 
the curves on Channels 7 and 13. One 
reason- why great accuracy is not required 
in shaping the r-f curves is that the com-
pensation for vestigial sideband trans-
mission is not made until the signal 
reaches the i-f stages. The most impor-
tant factors in the r-f curves are band-
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channel 
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width and uniform (flat) response at all 
frequencies in the channel. 

In spite of these normal variations in 
curves, certain definite limits must be 
met by all the curves. These are illus-
trated in Fig. 41-26. In general, the val-
ley should not drop more than 30 percent 
below the peaks of the curves, and on 
"flat-topped" curves (dashed lines in 
the diagram) the shoulder should not be 
more than 30 percent down— less in some 
cases, as specified by the manufacturer. 

adjacent , picture 
sound I carrier 
carrier 1:5 fit 

  4.5MC I MC I-
- T -77r ; 

30% 
It 

Fig. 41-26 

sound adjacent 
carrier picture 

5...k" carrier 

; 

frequency Mc 

Ordinarily, the picture and sound carriers 
should be located on the peaks or on the 
flat portion. If the bandwidth is somewhat 
narrow, the carriers may fall near the top 
of the slope (as shown by the dashed 
lines in Fig. 41-24), but the service data 
usually states that they must never be 
lower than 70 percent on the slope. 

The slopes of the r-f response curve 
usually run over into both adjacent chan-
nels. A certain amount of overlap is nor-
mal, to keep the top portion broad enough 

to hold both carriers, but if the skirts 
(lower portions) are too wide, consider-
able gain may be lost. 

The low video frequencies are repre-
sented by the region around the picture 
carrier, while the highs are nearer the 
sound carrier. Therefore,in cases of mis-
alignment when the curve is tilted more 
than normal with the picture carrierdown, 
the low video frequencies will be attenu-
ated. A test pattern on the kinescope 
with this condition will show weak hori-
zontal wedges,, poor blacks and whites, 
and, if the tilt is serious enough, a trail-
ing reversal (white following every black) 

and loss of sync. Figure 41-27a shows 
how this pattern will look. 

Fig. 41-27 ( a) 

The opposite condition — the r-f curve 
tilted with the sound carrier down — is 
illustrated in b of the diagram. In this 
case, the high video frequencies are at-
tenuated,and the test pattern shows poor 
resolution and weak vertical wedges. 

When a curve is outside the specified 

limits,it is a good idea first to check all 
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Fig. 41-27 ( b) 
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the other channels. If the other channels 
show none or only a trace of the same 
fault, the bad one probably is a " com-
promise curve", so aligned to get better 
results on adjacent channels. Naturally, 
we are most interested in good curves on 
the channels in use in our area, and poor 
alignment on an unoccupied channel is 
of little importance. 

Each adjustment made on the tuner 
produces an important change in the curve. 
In most cases, it has secondary effects 
as well. For instance, an adjustment for 
gain may affect bandwidth, tilt, and fre-
quency, which must then be touched up 
for the best compromise. For this reason, 
experienced servicemen often use two 
neutralizing sticks at the same time on 
a pair of adjustments which have consi-
derable interaction. By working on both, 
they can quickly find the best settings. 

The average r-f tuner is well aligned 
when it comes from the factory, and or-
dinarily will not go badly out of align-
ment. Sometimes minor touching up is in-
dicated, to get the best possible results. 
When this is the case, it usually doesn't 
matter in what order the adjustments are 
made. If a complete realignment must be 
performed, however, the procedure recom-
mended by the manufacturer should be 
followed. 

The Picture 1-f Response Curve. — 
The sweep and marker signals are coupled 
to the input of the picture i-f (or, in some 
sets, to the grid of the mixer) and the 
scope is connected to the load resistor of 
the picture 2nd detector. The arrangement 

is the same as that shown in Fig. 41-23. 

The " ideal" picture i-f response curve 
is shown at the top of Fig. 41-28. This 
curve is for a receiver employing a picture 
intermediate frequency of 25.75 mc,a nd it 
is important that the picture carrier, traps, 
etc., fall at the correct points on the 
curve. 
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19.75 MC at 
zero 
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pix trop 

shoulder 
rounded weak signal oreo 

up to 70% 

25.75 MC 
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20 22 24 26 28 down to 30% 
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The picture picture carrier should normally 
fall at about 50 percent on the slope, ex-
cept when the set is used in a very weak 
or very strong signal area. In fringe areas, 

the carrier may be located up around 70 
percent to improve the sync. Also, the 
carrier may be pulled down around 30 per-
cent without losing sync. If the carrier is 
too low, low-frequency response is lost, 
resulting in poor blacks and whites, with 
possible loss of sync and poor blanking. 
This gives the effect shown in the test 
pattern at a in Fig.41-27. If the carrier is 
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too high on the slope, detail is lost in the 
picture, as in the test pattern at b of 
Fig. 41-27. 

The effect of varying the fine-tuning 
control is to slide the picture carrier up 
and down the slope, since it varies the 
intermediate frequency to which the r-f 
cairier is converted. The shape of the re-
sponse curve does not change,since it is 
determined by the setting of the i-f coils, 
and is not affected by the frequency pro-
duced in the converter. In receivers us-
ing separate-sound systems, but not in 
those using intercarrier systems, there 
is an apparent tracking difficulty between 
picture and sound on weak signals only. 
The best sound signal is obtained, as 
usual, near the cenier of travel of the fine-
tuning control. Upon tuning away from this 
position, however, the picture brightness 
and strength may double, but the sound 
disappears entirely. 

This condition is normal with weak 
signals. The fine-tuning control varies 
the r-f oscillator frequency and moves 
the i-f picture carrier higher on the slope. 
This gives higher gain to the low video 
frequencies, at the expense of the highs, 
and makes the weak signal appear much 
stronger and less snowy. At the same 
time, however, detuning the r-f oscillator 
moves the sound i-f carrier out of the dis-
criminator response band, resulting in 
weak or distorted sound or no sound at 
all. On strong signals, detuning the os-
cillator in this way causes a noticeable 
loss of detail. Thus, when a strong sig-
nal is -being received, the best picture 
coincides with the best sound. 

rhe sound i-f carrier must be effec-
tively at zero on the over-all response 
curve for practical purposes. If the sound 
carrier is not at zero — because traps are 
misaligned, for example — sound will ap-
pear in the picture. In most receivers, 
additional traps are included to reject the 
picture carrier of the adjacent (higher) 
channel and the sound carrier of the next 
lower channel. In metropolitan areas, 
these two traps are not too important, but 
between cities — between New York and 
Philadelphia, for instance — where it is 
possible to receive signals on adjacent 
channels, these traps are very necessary 
to prevent interference. 

The top of the response curve should 
be reasonably flat, the picture carrier 
slope gradual and not too steep. The 
slope at the opposite side, which repre-
sents the high video frequencies, should 
rise abruptly from the region of the sound 
carrier trap, and the 22-mc marker should 
be at or above 90 percent on this slope 
for the best high-frequency response and 
definition in the picture. The dashed line 
of Fig. 41-28a indicates the characteris-
tic shape of the curve for a set with less 
high- frequency response and a passband 
of about 3 mc. 

Picture i-f amplifiers may use stagger-
tuned stages, overcoupled or undercoupled 
transformers or networks. Stagger-tuning 
consists of peaking each of four or five 
i-f transformers at a different frequency. 
Overcoupled- transformers produce double-
peak responses, while unde,rcoupling gives 
a single peak. Regardless of what method 
or combination is used, the picture i-f re-
sponse curve is produced by combining 
all the individual curves, including the 
effects of the traps. 

The two lower drawings of Fig. 41-28 
show the individual response curves for 
each of five i-f transformers employed in 
a stagger-tuned RCA i-f amplifier. The 
converter — 1st picture i-f transformer is 
overcoupled, as can be seen by the 
double-peaked curve. (The twin peaks in 
the other curves are caused by the traps, 
which cut the curves in two.) The curves 
are presented in two drawings for the sake 
of clarity, and are not in scale so far as 
stage gain is concerned, but comparison 
of these drawings with the over-all re-
sponse curve at the top demonstrates how 
the peaks and slopes add or combine to 
form the characteristic curve. 

From this set of curves, we can see 
how each transformer adjustment and 
trap setting affects the response uurve. 
The converter- 1st i-f transformer has the 
greatest effect on the degree of slope and 
the location of the upper shoulder, while 
the 2nd picture i-f transformer is the prin-
cipal adjustment for the placement of the 
picture carrier. The opposite slope of the 
curve and the 22-mc marker are set by the 
3rd picture i-f transformer. The 4th and 
5th picture i-f transformers adjust the flat-
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ness of the top and the tilt of the curve, 
respectively. If any one of these adjust-
ments is incorrectly set, the correspond-
ing part of the response curve will show 
poor shape or location. 

A glance at the individual curves 
shows also that the traps must be set to 
the proper frequencies; otherwise the en-
tire curve will be thrown off. The traps 
help to determine bandwidth as well as 

the curve outline and location in the chan-
nel. Improper adjustment can injure both 
high- and low-frequency response. 

Anything which changes the shape of 
the picture i-f curve or the location of the 
picture carrier and traps results in trouble, 
with poor picture quality showing up first, 
often followed by sync instability, unsa-
tisfactory blanking, interference, snow, 
and regeneration. Remember: bad i-f or 
r-f response can be caused by a number of 
factors other than misalignment. 

As a simple experiment to show what 
effects incorrect alignment can produce, 
connect the scope, marker, and sweep to 
show the picture i-f response curve. Set 
the marker at 25.75; the i-f picture carrier 
frequency. If a test pattern is available, 
tune it in. Otherwise, try to get a picture 
with strong blacks and whites. Now begin 
detuning the 27.25-mc trap, moving it to-
ward the picture carrier. 

Notice how the blacks in the kinescope 
picture tend to lose their solid color and 
begin to smear. As the picture carrier con-
tinues to move down the slope, the test 
pattern gets worse, and a point is reached 
where the picture falls out of sync. If the 
trap is tuned past the carrier, the pattern 
begins to lose detail, as the high-frequen-
cy response also goes bad, and it becomes 
more difficult to keep the picture in sync. 
Figure 41-29 illustrates two locations of 
the trap frequency and the resultant test 
patterns. Sometimes misalignment can be 
corrected by simply retuning a trap that 
is cutting into the response curve. 

The effect of locating the picture car-
rier on the peak of the curve, at 100 per-
cent, is shown in Fig. 41-30. This in-
creases the gain of the lower frequen-
cies to an excessive degree,as shown by 
the fact that the horizontal wedge is 
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WR-11 
, HANNI 6 

(b) 

Fig. 41-29 

stronger than the vertical. The loss of 
highs spoils the detail and contributes to 
the smear trailing the letters. Note that 
the response curve has a fairly good 
shape, except that the slope is too steep. 

Narrow bandwidth, with the curve cut 
off at about 3 mc, gives the test pattern 
of Fig. 41-31. The curve drops sharply to 
zero at 23 mc, causing a hump and tilting 
the curve. The vertical wedge lines are 

Fig. 41-30 
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Fig. 41-31 

terminated at about 3 mc, and the letters 
are not clean-cut, especially on the trail-
ing edges. 

A more pronounced case of narrow 
bandwidth appears in Fig. 41-32. Here 
the vertical wedge is much weaker, and 
the lines are clear only a little beyond 
2 mc, which represents 150-line resolu-
.tion. The small letters in particular are 
quite blurred. The response curve is now 
single-peaked with the carrier at 50 per-
cent. The high-frequency response is 
worse because the curve slopes off grad-
ually on that side,in contrast to the sharp 
ascent shown in Fig. 41-31. 

F ig. 4 1-3 2 

The preceding pictures and curves are 
typical of difficulties due to misalignment. 
Analysis of the test pattern will help in-
dicate the trouble. If you know the effect. 
each stage has on the over-all curve, as 
illustrated in Fig. 41-28, you'll quickly 
be able to locate the faulty stage. This 

applies to component failures as well. 
When you encounter an obscure trouble 
which seems to be located in the r-f, i-f, 
or sound stages, it takes only three or 
four minutes to hook up the alignment 
equipment and look at the over-all curve. 

The Over-all R-f and 1-f Response 
Curve. — This is actually the picture i-f 
response curve as seen on the scope. 
The shape, amplitude, and other details 
are exactly the same as described above, 
but it is produced by connecting the sweep 
generator to the antenna terminals and 
feeding in an r-f signal for the channel to 
be checked. This signal goes through the 
r-f section first, forming the r-f response 
curve. The scope, however, is connected 
to the picture 2nd detector, so the signal 
must continue through the i-f stages be-
fore we see it. These stages shape it into 
the picture i-f response curve. 

We connect the marker generator to 
the grid of the first picture i-f tube, and 
set it to the i-f frequency we wish to mark. 
The mark remains in the same place on 
the curve when the channel is changed. 
This method is usually used to check the 
picture i-f curve because it's easier to 
connect the sweep to the antenna termi-
nals than to get into the first i-f stage. 
It is a quick check of the i-f and r-f re-
sponse. 

The r-f sound carrier is frequency mo-
dulated with a maximum deviation of plus 
or minus 25 kc, giving 100-percent modu-
lation (as opposed to regular FM sound, 
which has a deviation of plus or minus 
75 kc for 100-percent modulation). The 
r-f sound carrier is 4.5 mc above the r-f 
picture carrier, but after conversion the 
i-f sound carrier is below the i-f picture 
carrier, since the oscillator is above both 
carriers in frequency. 

In separate-sound receivers, the i-f 
sound signal may be taken off at the in-
put of the first picture i-f stage or it may 
be amplified in two or three of the picture 
i-f stages before being taken off.ln either 
case, it is then fed through one or more 
stages of sound i-f amplification and into 
a discriminator or ratio detector, which 
is followed by the usual audio amplifier. 

In receivers using the intercarriersys-
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tem,the i-f sound carrier goes through all 
the picture i-f stages at the sound inter-
mediate frequency. In the picture 2nd de-
tector, the sound i-f signal is permitted to 
beat against the picture i-f signal, pro-
ducing a 2nd sound i-f of 4.5 mc (the dif-
ference in frequency between the carriers, 
which is accurately established at the 
transmitter). The 4.5-mc sound signal is 
taken off at the output of the picture 2nd 

detector and sent to the sound channel, 
where it is amplified before being fed into 
the ratio detector. 

In intercarrier receivers the sound i-f 
stages are tuned to 4.5 mc. In split-sound 
receivers the sound i-f stages are tuned 
to one of the standard sound i-f frequen-
cies (21.25 mc or 41.25 mc). 

We can look at the sound i-f response 
curve by connecting the sweep and marker 
at the input to the first sound i-f stage. 
The CRO is connected across the grid 
of the last i-f amplifier. At this point is 
a rectified d-c voltage proportional to the 
strength of the sound i-f signal. Rectifi-
cation occurs because the stage is biased 
to cause current to flow from cathode to 
control grid. 

Figure 41-33 shows the normal sound 
i-f response curve. This may vary some-
what, depending upon the type of coupling 
used between stages. The bandwidth 
between the 70-percent points should be 
about 200 kc,the curve should be symme-

trical about the center (sound carrier) fre-
quency, and should have good amplitude. 

21.25 MC 
sound carrier 

70% 702 

200 
el- KC -ej 

Fig. 41-33 

The bandwidth of the sound signal it-
self is only 50 kc maximum, but the 200-
kc passband is provided to allow for fre-
quency drift of the r-f oscillator. If this 

allowance were not made, the sound might 
be cut off by normal oscillator drift. 

The Discriminator Response Curve. — 
An input i-f signal at the exact center 
frequency of the discriminator produces 
zero output. Even if this steady input sig-
nal is amplitude modulated, the ampli-
tude variations cancel and the audio out-
put is zero.The d-c output voltage is also 
zero when an i-f signal at the exact center 
frequency is fed in. 

But if the frequency of the signal 
changes, either a positive or a negative 
d-c voltage will appear at the output of 
the discriminator. The voltage will remain 
steady as long as the signal maintains 
its frequency. The output voltage will 
have one polarity if the input frequency 
is above the center frequency, and the 
opposite polarity if it is "below. For in-
stance, if the center frequency is 21.25 
mc (the sound i-f), the output may be po-
sitive for a frequency of 21.245 mc and 
negative for a frequency of 21.255 mc. If 
we vary the input signal from one fre-
quency to the other, the discriminatorout-
put voltage goes from positive to negative 
and back, passing through zero at the 
center frequency. The result is an a-c 
audio voltage, as illustrated in Fig. 41-34. 

1= 2125 Mc (center frequency) 
input =f 2=21245 MC 

frequency 3r 21 255MC 

The d-c component 
of the output 
is zero when 
(the carrier frequency 
is at  
the center of the 
discriminator curve 

I 

5 KC 1"`F>+ frequency—b.- —le- , 
2 3 

3 
audio a-c output 

Fig. 41-34 

If the signal varies by only a few kc, 
the output voltage is fairly weak. A varia-
tion of 25 kc on each side of the center 
frequency gives 100-percent modulation 
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• 
and the strongest possible audio and d-c 
output from the discriminator. 

The frequency of the FM TV sound 
signal is varied according to the audio in-
formation to be transmitted. Therefore, 
the discriminator output is an a-c audio 
voltage. If the discriminator is not zeroed 
at the i-f carrier frequency, there is also 
positive or negative d-c in the output. 

Amplitude modulation cancels out if 
the signal is at the center frequency. But 
if the signal is at any other frequency, the 
AM does not entirely cancel, and some of 
it appears at the output of the discrimina-
tor. When the input sis.tal is at either 
peak of the response curve, the maximum 
amount of AM gets through. Even at the 
center frequency, some of it will get 
through if the center portion of the discri-
minator curve is not linear; that is if there 
are kinks or bends in the curve. 

We can look at the discriminatorcurve 
by connecting the oscilloscope to the out-
put ( ungrounded) cathode of the discrimi-

center 
frequency 

(sound i-f) 

(b) 

sound i-f 
amplifier 

approximately 
400 KC 

bandwidth 

linear 

51-

nator tube and coupling the sweep and 
marker to the grid of the second or third 
sound i-f tube. This arrangement is shown 
in Fig. 41-35a-

The " ideal" discriminator response 
curve is shown at b of the figure. There 
are three features of importance about 
this curve. 

1. The curve must be linear ( straight-
line) for at least 25 kc on each side of 
the center frequency, and preferably over 
the whole slope. The small curve at c 
illustrates non-linearity — this curve 
would result in distortion in the sound 
and AM noise. 

2. The center of the slope should fall 
at the sound i-f. Curves d and e show 
lack of symmetry, with the sound i-f too 
high and too low on the slope. 

3. Finally, the bandwidth between the 
peaks of the curve should be not less 
than about 250 kc. In some separate-
sound sets, it may be around 500 kc, 

(a) 

(c) (d) (e) (() 

Fig. 41-35 

discriminator 
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while in most intercarrier models it is 
a bout 400 kc. This should always bé 
checked in the manufacturer's data. Too 
narrow a bandwidth is shown in curve f; 
the result is that normal drift of the r-f 
oscillator may cause a loss of sound, as 
mentioned before. If the fine-tuning con-
trol is used to bring it back, the picture 
quality may be quite bad at the point 
whete the sound re-appears. This maybe 
perfectly normal on weak signals, so don't 
be deceived by it. If it happens on fairly 
strong signals, however, and the picture 
quality is noticeably poor at the best 
sound setting, it's a good idea to check 
the discriminator center frequency and 
bandwidth as well as the r-f oscillator 
frequencies. 

The response curve for a ratio detector 
is usually the same as that of the discri-
minator, although in some circuits the 
high- and low-frequency slopes may be 
quite steep, dropping sharply to zero just 
beyond the peaks. 

A bno rm a I Discriminator Response. — 
With an input signal at the frequency of 
the sound i-f carrier, a properly aligned 
discriminator response appears like that 
of Fig. 41-36a. The carrier frequency 
signal beats with the output of the sweep 
generator to place a mark at the point 
where the sweep frequency passes the 
fixed carrier frequency. When the discri-
minator is aligned correctly the sound i-f 
carrier mark is in the center of the slope. 
The output at this frequency is zero audio 
and zero d-c, and the output increases by 
equal amounts for frequencies above and 
below the carrier. The scope zero refer-
ence trace (present with blanked sine-
wave sweep) passes through the response 
at the frequency of zero output. With pro-
per alignment this is the sound i-f carrier 
frequency. 

Figure 41-366 shows the response with 
the input signal unchanged but with the 
secondary coil tuned to a new frequency 
a bove the carrier frequency. The reference 
trace now crosses the curve at the new 
frequency to which the secondary is tuned. 

The carrier mark is at a point where the 
output is not zero. Figure 41-36c shows 
a similar condition with the secondary 
tuned below the carrier frequency. 

carrier 
mark 

t+ output 
o 

reference output 
troce frequency 

(a) Properly aligned discriminator 

1) carrier 

:z reference frequency of 

trace zero output 

(b) Secondary tuned above 
carrier frequency 

frequency of 
zero output 

reference 
troce 

carrier 
mark 

(c) Secondary tuned below 
carrier frequency 

reference 
trace 

carrier mark and 
frequency of kero output 

(d) Primary tuned above 
carrier frequency 

reference 
troce 

carrier mark and 
frequency of zero output 

(e) Primary tuned below 
carrier frequency 

Fig. 41-36 
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output 
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t+ output 
output 

frequency —4-

t+ output 

output 

frequency 

t+ output 

output 

frequency 

We can conclude that the tuning of the 
secondary determines the frequency at 
which the output will be zero. For proper 
alignment the secondary should be tuned 
to the carrier frequency. Note that in 
this instance of misalignment (Fig. 41-
36c) the output at the carrier frequency 
is not zero, and the output is not equal 
above and below the zero frequency. The 
output is nearly but not exactly equal 
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above and below the carrier mark. The 
output can only be equalized exactly 
above and below a zero output frequency. 
To do this, both primary and secondary 
must be tuned to the same frequency. In 
Fig.41-36c the output is not equal around 
the zero frequency because the primary is 
tuned to a different frequency than the 
secondary. The zero output frequency is 
different from the carrier frequency be-
cause the secondary is not tuned to the 
carrier frequency. 

Figure 41-36d shows a response with 
the secondary tuned to the carrier fre-
quency but the primary detuned above the 
carrier frequency . As in a properly aligned, 
discriminator, the reference trace crosses 
the curve at the carrier frequency. The 
output is, therefore, zero at the carrier 
frequency. However, the output above and 
below the carrier-zero frequency is no 
longer equal. Figure 41-36e shows a simi-
lar condition with the primary detuned be-
low the carrier frequency. The tuning of 
the primary makes the output equal above 
and below the frequency at which the out-
put is zero. 

Figure 41-37 shows a response with 
primary and secondary tuned to different 
frequencies, neither of which is the car-
rier frequency. 

carrier 
mark 

reference 
trace 

frequency of 
zero output 

1+ output 

o 
output 

frequency—. 

Fig. 41-37 

Adjustment of a discriminator with a 
sweep and marker is done in two steps: 

1. Tune the secondary until the carrier 
mark falls on the curve where it is cross-
ed by the reference trace. The output is 
then zero at the carrier frequency. 

2. Tune the primary until the output is 
equal above and below this frequency. 

It is also possible to tune the primary 
of a discriminator separately . The re-
sponse of the primary alone looks like 

that of Fig. 41-38. This is the same type 
of response curve produced by a sound 
i-f amplifier. 

carrier mark 

t+ 
o 

frequency 

Fig. 41-38 

Once the primary is adjusted, the over-
all discriminator response may look like 
Fig. 41-36a, b, or c. It could not appear 
as the curves in d or e of the figure, 

which illustrate proper secondary adjust-
ment with improper primary adjustment. 
If the response curve appears as in b or 
c it is necessary to tune the secondary 
until the curve appears as shown at a of 
the figure. if the discriminator is adjusted 
in this manner it is certain that both pri-
mary and secondary are properly aligned. 

The response curve may still be ab-
normal, as shown in Fig. 41-39. Figure 
41-39a denotes narrow bandwidth, while 
Fig. 41-39b is a curve with a non-linear 
slope. 

carrier-zero 
frequency 

reference 
trace 

-4-4 Ir.- narrow 

(0) 

reference 
trace 

carrier-zero 
frequency 

nonlinear 

(b) 

Fig. 41-39 
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frequency—. 

o 

frequency --. 
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With primary and secondary at the 
right frequency, the cause of these ab-
normal curves cannot be detuning. Pos-
sible causes are: 

1. Incorrect amount of transformer coup-
ling, which is determined by the physical 
closeness of tile primary and secondary 
c oils. 

2. Incorrect amount of direct coupling, 
which is determined by the value of C of 
Fig. 41-35a. 

3. Incorrect value of Q for the tuned 
circuits 

None of these causes can be corrected 
by tuning. The responses of Fig. 41-39 
indicate a defective discriminator trans-
former assembly,which must be replaced. 

If one of the discriminator diodes is 
not conducting (as when one of the two-
internal filaments of a 6AL5 is burned 
out) the curve will look like that of Fig. 
41-40. 

carrier mark and 
frequency of zero 
output 

t+ 
o 

3-
reference 
trace 

Fig. 41 -40 

frequency --0-

The over-all sound i-f response is ob-
tained by feeding the sweep and marker 
into the first sound i-f while the CRO is 
connected to the discriminator output. 
The proper response is that shownin Fig. 
41-36a. The response might appear like 
those of Fig. 41-36d or e — unbalanced, 
but with the proper zero frequency. This 
might be caused by detuning of the dis-
criminator primary, or of any of the sound 
i-f transformers. In other words, unbalance 
of the over-all sound i-f response can be 
due to a detuned discriminator primary or 
to a detuned i-f transformer. However, the 
frequency of zero output is determined 
only by the discriminator secondary tun-
ing. 

To tune a discriminator using a meter 
and the TV station sound,it is necessary 
to understand how a discriminator re-

sponds abnormally to a frequency- modu-
lated carrier. Figure 41-41a shows a nor-
mal response curve, with the carrier cor-
rectly positioned at the zero frequency. 

When the carrier is frequency modu-
lated, its frequency swings up and down 
the slope between A and B. An equal 
amount of energy is contained in the posi-
tive and negative swings. Since the po-
larities are opposite,the energy averages 
to zero. The audio output waveform is as 
shown at b. The d-c component is zero, 
and the d-c meter reads zero. 

In split-sound receivers, the sound 
i-f carrier frequency changes when the 
fine-tuning control is rotated. The tuning 
of the discriminator does not change; the 
carrier frequency fed into it changes. It 
might move up the slope, as shown in 
Fig. 41-41c. The audio output would then 
have a positive d-c component as shown 
in Fig. 41-41d and the meter would read 
this d-c component. The d-c readirig be-
comes more positive as the carrier is 
shifted up infrequency,and goes negative 
as the carrier is shifted down in frequen-
cy. The carrier is shifted by turning the 
fine-tuning control. The best picture ap-
pears at the correct carrier-frequency 
setting of the fine-tuning control. If the 
discriminator had an abnormal response, 
like that shown in Fig. 41-41e, the meter 
would read a negative d-c voltage at the 
best picture setting. If the response were 
as shown in Fig. 41-41f, the d-c meter 
would read zero at the best picture setting 
of the fine-tuning, but the maximum posi-
tive d-c voltage obtained by rotating the 
fine-tuning control would be greater than 
the maximum negative d-c voltage. 

The Intercarrier I-f Response Curve. — 
The i-f curve for intercarrier sets is dis-
cussed separately because the shape of 
the curve is slightly different from that of 
a separate-sound system. The reason for 
this difference is that, in intercarrier 
sets, the sound i-f passes through the 
picture i-f stages and appears at the out-
put of the picture 2nd detector. The scope 
is connected at this point. 

To provide the i-f signal, the sweep 
and marker may be connected to the con-
verter, the grid of the first i-f stage, or 
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d-c meters 

the antenna terminals. The latter gives 
an over-all r-f and i-f response, butas ex-
plained before, the shape on the scope is 
that of the i-f curve. 

Figure 41-42 shows the intercarrier 
i-f response curve as it should appear on 
the i.tRO. The i-f picture carrier appears 
at about 50 percent on the slope, and the 
top of the curve is fairly flat, with the 
general shape shown. The only important 
difference from the response curve of 
separate-sound sets is that the response 
at the i-f sound carrier frequency is not 
zero. Instead, the sound carrier rides 
about 5 percent up the slope. 

21 25 MC 

sound comer 

at 5% 

4 5 MO --P-I 

Fig. 41-42 

25.75 MC 

,fpix comer 

al 50% 

The position of the sound carrier is 
important and critical. If it goes much 
above 5 percent, picture buzz may appear 
in the sound, and possibly sound in the 
picture as well. If the sound carrier is too 
low on the slope, the sound may become 
weak or noisy. 

ALIGNMENT PRACTICES 

41-6. The alignment procedure for a 
particular set usually is given in the ser-
vice data. However, these brief instruc-
tions assume that the serviceman is ex-
perienced in alignment, and give only 
directions for connecting equipment and 
what specific results to look for from 
each adjustment. This is enough for the 
experienced serviceman, but the novice 
may be left with a number of unanswered 
questions, such as: 

Should I use a capacitor, a resistor, or 
neither in series with the test-equipment 
cables? 

How does the contrast control affect the 
response curve, and how should it be set 
during alignment? 

The response curve on th'e CRO is thick 
and full of " hash" instead of thin and 
clean — what should I do? 

The purpose of this section is to an-
swer these and other common questions, 
and give a working knowledge of the gen-
eral factors involved in alignment. 

It is always wisest to follow closely 
the manufacturer's instructions for align-
ment. As you gain experience, you'll learn 
short cuts. However, in general it is 
better to use the service data as a working 
guide, avoiding short cuts that may result 
in a half- or poorly-done job. 

Order of Alignment. — The order in 
which the sections of a set are aligned 
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is always specified by the manufacturer. 
That order should be followed if a com-
plete alignment is necessary. The se-
quence listed below is safe in many 
cases, however, and can be considered 
a general sequence. 

1. Traps 
2. Picture i-f amplifier 
3. Sound i-f amplifier 
4. Discriminator or ratio detector 
5. R-f amplifier and converter 
6. Setting of r-f oscillator frequencies 

(this may precede Step 5) 
7. Checking over-all r-f and i-f curve 

.on all channels 

Checking Over-all Response. — Many 
sets need alignment only in one or two 
sections. Therefore, it's a good idea to 
check the over-all r-f and i-f response on 
all channels first. 

It takes only a few minutes to set up 
the equipment for this check, but it may 
save much time in localizing difficult 

troubles. A quick look at the over-all 
curves may eliminate about half the sig-
nal sections of the set, and you can be-
gin checking the other sections. If the 
curves are poor. the trouble is in the r-f 
or picture i-f amplifier. You can move the 
scope to the converter (or the sweep and 
marker to the 1st i-f grid)to eliminate one 
or the other, then make a stage-by-stage 
check to find the exact source of the 

trouble. 

(o) peak alignment 

Peak and Sweep Alignment. — In 
sweep alignment, the response curve on 
the CRO is used as a guide to the proper 
setting of each adjustment. This is visual 
alignment, and we must use the sweep 
generator to produce the response curve. 
When we change an adjustment, we can 
watch the corresponding changes in the 
shape, frequency, and amplitude of the 

c urve. 

In peak alignment only a test oscilla-
tor and a vacuum-tube voltmeter are re-
quired. We make adjustments by setting 
the oscillator or signal generator to a 
particular frequency, then adjusting for a 
maximum or minimum reading on the 
VTVM. Actually, we are setting the ad-
justment of a circuit so that it allows a 
maximum voltage to pass at one particu-
lar frequency. The characteristics of the 
circuit must be such that it offers maxi-
mum response only at one frequency — in 
other words, it must have a single-peak 
response. We move the curve up or down 
in frequency until its peak or maximum 
response is at the desired frequency. 
The test oscillator provides a signal at 
the desired frequency, and the VTVM 
reading indicates when the greatest 
amount of signal is coming through; Fig. 
41-43 illustrates this principle. 

When the circuit is detuned so that the 
response is at the position shown by the 
dotted curve, the signal from the test os-
cillator develops the amplitude shown at 

F ig • 41-43 

single peak 
response 

frequency 
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oscillator 
signal 

(b) 
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point 1, and the VTVM reads 3 volts. In 
adjusting the coil, we move the response 
to the position shown by the solid curve. 
The single peak is now at the frequency 
of the test oscillator, the signal develops 
maximum voltage across the circuit, and 
the VTVM reads 5 volts. If we tune the 
coil still further, the reading on the VTVM 
drops off rapidly, indicating that we've 
passed the peak. 

Single coils of the type used with 
stagger-tuned and undercoupled trans-
formers and networks normally have sin-
gle-peak response, and usually can be 
peak aligned. 

Overcoupled transformers and net-
works, and double-peak transformers, 
usually must be sweep aligned. Of course, 
we can use sweep alignment on any kind 
of tuned circuit, whether it has single-
or double-peak response. 

When a single coil is being aligned,it 
always has the single-peaked response 
shown at a of Fig. 41-44. A transformer 
may also have a single-peaked response, 
if both coils tune to the same frequency. 
This is shown in b of Fig.41-44. Double-
peaked transformers have two peaks, at 
different frequencies. Adjustment of coil 
A in Fig. 41-44c shifts the frequency of 
peak A; adjustment of coil B shifts the 
frequency of peak B. Neither peak is ex-
tremely pronounced. The output of a volt-
meter connected' to the output would be 
the same at frequencies A and B. For 
this reason, sweep alignment is necessary 
for double-peaked transformers and net-
works. 

Under one condition, we can peak-
align an overcoupled transformer. To do 
this, the coupling must be cut below 
unity during alignment. The most con-
venient method is to load one side of 
the transformer with shunt resistance and 
tune the other side to peak at the desired 
frequency. Figure 41-45 illustrates the 
procedure. The test oscillator is set to 
the center frequency of the double- peak 
response. The shunt resistance lowers 
the Q of the shunted coil and broadbands 
it, resulting in an undercoupled condition. 
The response curve becomes single-peak 
and we tune the unshunted side for maxi-
mum voltage indication on the VTVM at 

with a single cvil 
instead of a transformer 

the response is 
always peaked 

single 
peaked 

response 

(a) 

with single peaked 
response both of 
these adjustments 
reach maximum at 

the same frequency 

single 
peeed 
response 

With daub e peaked transformers, 
adjustment (A)affects side (Al of 

the response. Adjustment (e) 
affects side (B). There is no 

pronounced peak on either side. 

(C) 

Fig. 41-44 

double 
peaked 
response 

the test oscillator frequency. When both 
sides have been tuned and the shunt is 
removed, the response is a correctly 
aligned double-peak curve. 

Since not all double-peak curves are 
symmetrical, it's necessary to check the 
service data to find the right frequency 
setting for the test oscillator. 

The value of the detuning resistor is 
not critical; it may be 1,000 ohms or less 
in the sound i-f stages. 
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Sweep Connections .— Sweep-generator 
controls include the output attenuator 
(which sets the level of the output signal), 
phasing control, and frequency control. 
The latter may be a band switch which 
selects the desired channel and automa-
tically sets the center frequency and the 
width of the band to be swept, or two se-
parate controls. There may also be con-
trols for blanking, a separate attenuator 
for the lower frequencies, and others. 

The sweep-width control does not vary 
the width of the presentation on the scope 
screen, but determines the width of the 
band of frequencies swept. If it is set 
for too narrow a band, only a portion of the 
response curve will appear on the scope, 
occupying the full width of the screen. 

The only control which varies the width 
of the trace is the horizontal-gain con-
trol on the scope, but this has no effect 
on the actual frequencies represented by 
the curve. 

The sweep generator usually feeds a 

horizontal deflection voltage, rather than 
a sync signal, to the scope. If deflection 
voltage is provided, the internal horizon-
tal oscillator of the scope is not used; 
instead the voltage from the sweep is fed 
to the scope's horizontal amplifier. The 
phasing control adjusts the phase of this 
deflection voltage, affording .a single, 
overlapped pattern on the scope screen. 

300 12 
balanced 
cable 

= 150 12 

30012 
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15012 
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10011 

/2012 

Fig. 41-46 
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The output cable should provide either 
push-pull (balanced) or single-ended out-
put, so that either can be used. It should 
be shielded to within a bout an inch of the 
tip. The cable may have any of several 
common impedances, such as 50- or 
72-ohm unbalanced and 300-ohm balanced. 
The instruction book which comes with 
the sweep indicates the cable impedance, 
and methods of matching the impedance 
to other loads.Figure 41-46 shows sample 
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arrangements which can be used if cable 
and load agree with any of those in the 
drawing. The resistors should be non-
inductive, not wire-wound. 

The sweep may be connected to the: 
antenna terminals; input to the picture i-f 
amplifier; input to the sound i-f amplifier. 

When connecting the sweep to the an-
tenna terminals, make certain that the 
output impedance of the sweep cable 
matches the input impedance of the re-
ceiver, as described above . On most re-
ceivers this is important, since a mis-
match causes detuning of the input net-
work to which it is directly connected. 

It's safest to set the receiver gain for 
normal, disabling the AGC with a bias 
box, as will be described later. Then turn 
the vertical gain of the scope near maxi-
mum, and increase the sweep attenuator 
setting from zero until a usable response 
curve is obtained. If you turn up the sweep 
output and the response on the scope or 
VTVM does not increase a like amount, 
the circuits are overloaded. The curve of 
an overloaded amplifier may remain flat-
topped or it may, as the overload is in-
creased, develop all sorts of dips and 
peaks which do not appear in the normal 
response curve. Figure 41-47 shows how 
the over-all r-f and i-f response of an 
RCA 630 actually looked on the scope 
screen when the sweep output voltage was 
deliberately run considerably past the 
overloading point. 

If you move the sweep cable from one 
point of connection to another, and the 
resultant response curve doesn't look 
normal, decrease the sweep output to see 

last pix 1-f 

terminating 
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if the condition clears up. If it does, the 
trouble was overload. 

Terminating the l-f Cable. — The i-f 
cable may or may not have a built-in ter-
minating resistor across the output and 
ground. This resistor should have a low 
value, to terminate the cable in its ap-
proximate characteristic impedance. 100 
ohms is common. If the cable of your 
sweep generator doesn't have such a 
resistor, it is a good idea to add one. 

The terminating resistor does two 
things: ( 1) prevents radiation from the 
cable by providing the proper termination, 
and (2) damps the circuit to which it is. 
connected to insure a flat input for all 
frequencies swept. 

In addition, you should connect the 
cable to the circuit under test through a 

series capacitor, as indicated in Fig. 
41-48, to block d-c from the sweep input. 

In the circuit shown in the diagram, 
the input side contains a tuning coil, 
Lin , which could affect the shape of the 

pp( 2nd detector 

load R 
isolating R 
about 20K 

F ig. 4 1-48 



TELEVISION SERVICING COURSE, LESSON 41 
41-36 

response curve since it lies within the 
range of frequencies swept by the genera-
tor. But we want to see only the curve of 
the coil in the output circuit, L0 . There-
fore we use the terminating resistor on 
the sweep cable. The resistor is effec-
tively in shunt with L and damps its 
response. The cable termination " swamps 
out" the circuit to which the sweep out-
put is connected, and we get the desired 
response of the stage or stages following 
the tube. 

The size of the series capacitor de-
pends upon the output frequency of the 
sweep generator, as follows: 

20- to 60-mc i-f: 500 mmf 

4.5-mc i-f (intercarrier sound): .005 mf 

Video frequencies: . 05 mf 

A series capacitor should be used for 
blocking when either the r-f or the i-f 
cable is connected to a point which car-
ries d-c voltage, such as bias or B-plus. 

When it is necessary to terminate the 

cable of a piece of test equipment in a 
capacitor or a resistor, it is convenient to 
use the method shown in Fig. 41-49. Con-
nect the clip on the cable to one lead of 
the capacitor or resistor, and bend the 
tip of the other lead into a small U, about 
1/8 inch across . This is a convenient 
means of hooking into tight places, where 
a clip doesn't fit easily. The weight of 
the component and the cable dragging on 
the U-shaped section is usually suffi-
cient to insure adequate contact and good 
coupling. The leads of the capacitor or 
resistor should be quite short, both to 
avoid unwanted coupling and to reduce 

bend this lead tip 

u- shaped to hook ----P-

into circuit 

capacitor or 
resistor 

alligator clip 
on cable 

Fig. 41-49 

the danger of shorting against grou-nd or 
a potential point. 

Scope Connections. — Scope controls 
are well standardized, save for special 
features on certain models. Two sets of 
terminals are provided, into which can be 
fed a horizontal deflection voltage from 
the sweep and synchronizing voltage. 
Thus the average scope can be used with 
any sweep generator, regardless of which 

synchronizing method is used by the 
sweep. In many sweep generators, the r-f 
oscillator is frequency- modulated at the 
60-cycle power-line frequency. When such 
a sweep is used with a scope which pro-
vides its own phase-controlled sine-wave 
sweep voltage (fed internally to the hori-
zontal amplifier), it is not necessary to 
connect the sync or deflection voltage 
output of the sweep generator to the ter-
minals of the scope. Simply set the sync 
selector switch on the scope panel to the 
power-line position. The sweep generator 
and the horizontal amplifier of the scope 
are then both operating at the same fre-
quency, and can be brought into perfect 
sync by the phasing control on the scope. 

If the sweep generator employs any 
other type of sweep voltage, such as saw-
tooth, the two units must be connected 
externally. Make certain the proper ter-
minals are used — don't feed sync vol-
tage to the horizontal input or deflection 
voltage to the sync terminaL External 
connections are needed with scopes hav-
ing an internal sine-wave sweep which is 
not phase-controlled. 

In alignment, we usually connect the 
scope to some point at which a rectified 
signal is available. The high-frequency 
response of commercial scopes is not suf-
ficient to reproduce r-f or i-f on the 
screen, but the rectified envelope of these 
amplitude-modulated signals gives us the 

desired information. The most common 
points of connection are: 

Across the load resistor of the picture 
2nd detector. 

Across the load resistors of the dis-
criminator. 

Across the grid resistor of the last 
sound i-f (the grid draws current and 
acts as a diode detector). 
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Across the grid resistor of the conver-
ter. 

These are not the only points to which 
the scope can be connected. By using a 
crystal detector at the end of the scope 
cable, we can get a response curve al-
most anywhere, This is often convenient 
for troubleshooting purposes. 

The manufacturer's service notes tell 
exactly where and how to connect the 
scope to see a particular response curve. 
Sometimes it is necessary to modify a 
circuit temporarily by adding a resistor 
or capacitor, or even pulling out a tube, 
in order to get the proper response. For 
instance, in some limiter grid circuits, 
the resistor-capacitor time constant may 
be large enough to distort the pattern seen 
on the scope. In this case, either remove 
the capacitor from the circuit or shunt the 
resistor with another of approximately the 
same value. When you finish, remember to 
restore any temporary changes. 

The vertical-gain control of the scope 
should be kept near maximum at all times. 
If the response curve becomes too large 
as the job proceeds, it means you have 
more stages of amplification between the 
sweep generator and the scope. Do not 
reduce the gain of the scope; simply turn 
down the sweep output attenuator. Make 
this a routine procedure and you won't be 
troubled much with overloading. However, 
if you get a response curve with a nice, 
flat top and fairly sharp corners,as in 
Fig. 41-50a, be a little suspicious. Such a 
curve is too nearly perfect, and may be 
due to mild overloading. Reduce the sweep 
output to make sure. If the curve doesn't 
get smaller in amplitude when you begin 
turning down the sweep attenuator, there 
is an overload and the flat top was due to 
clipping in the overloaded a mplifiers.The 
overloaded response of Fig. 41-50a might 
have the shape shown at b if it were not 
clipped. 

Terminating the Scope Cable. — The 
scope input cable should be shielded to 
prevent pick-up and possible regeneration. 
There are two basic reasons for using a 
special termination on the scope cable 
when it is connected to the load resistors 
of the discriminator or picture 2nd de-
tector: 

top perfectly flat 
due to clipping 

(o) 

(b) 

Fig. 41-50 

1. To keep i-f off the lead ( minimize 
regeneration). 

2. To make the marker pip sharper on 
scopes with good high-frequency response. 

In both cases, we can eliminate the 
higher frequencies by using a shunt ca-
pacitor or a series resisLor. The capacitor 
offers a shorting path to ground because 
of its low reactance at high frequencies, 
while the resistor simply attenuates the 
weaker signals. The desired output from 
the picture 2nd detector is a fairly strong 
AM signal which is varying at the sweep 
frequency of 60 cycles, and this is not 
affected by a capacitor of the proper value. 

If the scope has good high-frequency 
response, the marker pip will appear on 
the response curve as shown at a of Fig. 
41-51. The beat frequencies between the 
sweep frequencies and the marker oscil-
lator actually extend 'over the entire re-
sponse curve, but ordinarily they do not 
appear on the scope, since the higher 
frequencies are limited by the loading ef-
fect of the scope cable capacitance on the 
picture 2nd detector, which pulls down the 
response. If the scope has an effective 
response to low frequencies only, the 
marker pip will appear as in b of the draw-
ing. This is easier to use than the curve 
at a. In order to get this small pip with 
the high-frequency scope, we use an iso-
lating resistor or shunt capacitor, con-
nected as shown in c. Values are as fol-

lows: Shunt capacitor, about 500 mmf; 
isolating resistor, about 20 K. 
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If the shunt capacitor is too large and 
you're using a double trace on the scope, 
phased to look like a single trace, the 
two traces cannot be made to coincide. 
This is due to low-frequency phase shift 
caused by the capacitor. When blanking 
is used, the curve will be distorted, some-
times seriously. For this reason, it's 
safer to use the isolating resistor. ,The 
service notes may recommend values up 
to a megohm for connections to certain 
points. Always use the recommended 
value. 

(a) 

(b) 

2nd detector 
load 

resistor about 
20K 

Fig. 41-51 

scope 
cable 

use this cable 
or this f  termination 

scope 
cable 

Adjusting Blanking. — The blanking 
control is located on the sweep generator. 
However, blanking should not be adjusted 
until the sweep and scope are connected 
to the set. 

After the units are connected and the 
controls on both have been set to obtain 

a usable. response curve on the scope 
screen, phasing is adjusted to obtain a 
single trace. This is important, because 
if blanking is used when the traces have 
not been phased,the resultant curve may 
extend off the side of the CRO track. 

The double trace should appear like 
that of a in Fig. 41-52, which might be 
any overcoupled transformer. Adjust the 
phasing control og the sweep generator 
until the two traces appear as one, as in 
b. If internal sine-wave sweep voltage 
from the power line is .available with the 
CRO in use, adjust the phasing control 
on the scope to run the traces together. 

When the trace appears as shown inb, 
turn on the blanking and the return trace 
will give a zero reference line, as in d. 
This is the true response curve. 

(e) 

Fig. 41-52 

If it is impossible to make the two 
traces coincide exactly, as shown at c 
of Fig. 41-52, a true response will not 
result when the blanking is turned on. 
Obviously, the true response is a com-
promise between the two curves, but 
blanking eliminates one trace without 
changing the other, which is wrong. With 
experience, it is possible to allow for 
this on a waveshape of this form, since 
the main portion of the curve is correct. 

But note in e how serious this can be 
on the picture i-f response curve. The top 
of the curve shows tilts in opposite di-
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rections, and the skirts don't coincide — 
yet this response was taken from a normal 
amplifier. It is almost impossible to de-
termine the true response. If the blanking 
were turned on, a single curve would re-
sult, but the distortion would be even 
worse. 

The basic reason for the two traces 
failing to coincide is poor low-frequency 
response. It may be caused by too large a 
shunt capacitor terminating the scope 
cable, poor waveshape of the 60-cycle 
power- line voltage, or poor low-frequency 
response of the scope itself. The only 
cause which can be remedied easily is 
the cable termination — use an isolating 
resistor in place of the capacitor! 

Remember to let the scope warm up 
long enough to become stabilized: 15 to 
20 minutes is best. 

Marker Requirements. — The most im-
portant single factor concerning the 
marker is that it must be accurate. If you 
have any doubts. about your marker genera-
tor, or if it has been unused forsome time, 
calibrate the unit before attempting to use 
it. A marker which is only 0.25 mc off 
frequency can cause misalignment of a 
set. Your marker generator may have a 
built-in crystal standard for this purpose; 
if not, any good crystal-controlled he-
terodyne frequency meter will do the 
trick. The mostcommoncalibration method 
is zero- beating the output of the marker 
against the known standard at the i-f fre-
quencies, and at the sound and picture 
frequencies for all the r-f channels. 

The calibration should be checked at 
regular intervals. Once a month is not 
too often if the equipment receives fairly 
constant use. 

Marker Connections. — One precaution 
is important in sweep alignment; make 
certain that the marker does not affect 
the response curve or alter the sweep out-
put. The sweep output is most likely to 
be affected if the marker and sweep are 
connected to the same point in the circuit. 
This difficulty can be eliminated by con-
necting the marker to the grid of a tube 
one or more stages ahead of the sweep 
connection. If it must be connected at 
the same point as the sweep, use a ter-

minating (carbon) resistor of about 100 
'ohms in series with the marker cable. 
Another method is to connect the ground 
clip to the chassis of the set, but just 
place the output lead near the amplifier. 
Often there is enough stray coupling to 
provide a marker pip on the scope. The 
same result can be. obtained by attaching 
the output clip to the insulated bodyof a 
carbon grid resistor. There is no actual 
connection, but the stray coupling puts 
in the marker signal. 

The response is affected by too high 
an output from the marker, which causes 
overloading and curve distortion. In sweep 
alignment, both these dangers can be 
eliminated by the following procedure: 

1. Connect the sweep and the scope 
first, and get a response curve. 

2. Connect the marker, but leave the 
output turned off. Watch the response 
curve when the marker is connected, to 
see if it changes. If it does, connect the 
marker at another point. 

3. With the marker output attenuator at 
zero, turn on and tune the marker. Again, 
watch for any change in the curve. 

4. Turn up the marker output gradually 
until a usable marker pip appears on the 
response curve, Use no more output than 
necessary. 

Some sweep generators have a built-in 
marker generator. It may be difficult when 
using such equipment to avoid some effect 
on the response curve when the marker is 
turned on. In this case, set up the sweep 
and scope to obtain the desired response 
curve s then turn on the marker and tune it 
to the required frequency. Place a pencil 
mark on the screen of the scope at the po-
sition on the marker pip. (You may wish 
to mark several frequencies.) Turn off the 
marker, and proceed with alignment, using 
the pencil marks as frequency references. 
They will be accurate as long as you do 
not change the horizontal position of the 
curve. The same method may be used with 
a separate marker. 

In peak alignment there is also a 
danger of overloading the amplifier cir-
cuits with too much signal from the marker. 
Since there is usually only a VTVM read-
ing to go by, it's not so easy to notice an 
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overload. If rotating the marker output 
attenuator does not produce a correspond-
ing change in the meter reading, an over-
load may exist. When the marker output 
is reduced, the meter needle should drop 
immediately. 

The danger of overload during peak 
alignment is reduced by following this 
procedure: 

1. Connect the marker and the VTVM to 
the amplifierto be tested. Tune the marker 
to the frequency of the first trap or coil 
to be adjusted, but leave the output at-
tenuator at zero. 

2. Turn the VTVM scale-selector switch 
to the 3- or 5-volt scale. Gradually in 

the marker output until the meter 
needle rides to approximatèly center 
scale. R emember that quite a strong signal 
is necessary at trap frequencies, because 
the traps attempt to suppress the signal. 

3. Use a fiber or plastic neutralizing 
stick to adjust the proper trap or coil. 
Adjust traps for a minimum reading on 
the meter; adjust coils for maximum. 

4. Turn the marker output back to zero. 
Tune to the next trap or coil frequency. 

5. Increase the marker output until the 
VTVM needle reaches,center scale. Ad-
just the proper trap or coil and repeat the 
process until the amplifier is fully aligned. 

6. In stage- by-stage peak alignment, 
which is necessary sometimes when the 
i-f amplifier is oscillating, and in iso-
lating troubles, turning the marker output 
to zero each time the marker cable is 
moved is important, since the possibility 
of overload is even more likely in this 
case. 

7. Any time the VTVM needle goes too 
high on the scale during a peaking adjust-
ment, correct by reducing the marker out-
put, not by going to a higher scale on the 

meter. 

Terminating the Marker Cable. — The 
marker cable should be shielded to within 
aboutan inch of the probe at its tip. There 
are only two occasions when it is neces-
sary to use a special method of termina-

tion. 

When the marker is affecting the sweep 

output, use a 100-ohm resistor in series 
with the marker cable, as described above. 

When the marker cable is connected in 
a circuit carrying a bias voltage (or any 
d-c potential),a series blocking capacitor 
should be used to prevent shorting out 
the d-c. A value of about 500 mmf is sa-
tisfactory for all present i-f frequencies. 

It is important that the marker genera-
tor be allowed to warm up for the full 
period recommended by the manufacturer, 
to stabilize the frequency of the unit. 

Using 400-cycle Modulation on the 
Marker.— Almost every commercial marker 
generator céntains an internal 400-cycle 
modulator, to amplitude-modulate the 
variable oscillator. 

The modulated marker is used princi-
pally in aligning the discriminator or ratio 
detector. This takes advantage of the fact 
that an AM signal at the center frequency 
of the discriminator produces zero output. 

The following procedure is used: 

1. Connect the test equipment as shown 
in Fig. 41-53. For some sets, the manu-
facturer recommends an isolating resistor 
in series with the scope cable. Be sure 
to connect the scope cable to the output 
cathode of the discriminator. The other 
cathode is grounded, and will not produce 
a curve on the scope. 

2. Set the generator to sweep a band of 
1 or 2 mc around the sound i-f, and obtain 
the response curve on the scope. The 
curve should have the characteristic shape 
of the discriminator response, as shown 
at a of Fig. 41-54. 

3. Turn on the marker generator, and 
tune it to the sound i-f — assume that for 
this receiver it is 21.25 mc. Turn on the 
internal marker modulator. 

4. If the discriminator is correctly align-
ed, with the center frequency or " cross-
over" point exactly at 21.25 mc and the 
slope linear, there will be little or no 
change in the curve on the scope, 

5. If the discriminator is not correctly 
aligned — if the center frequency is other 
than 21.25 mc or the slope is not linear — 
the amplitude modulation will become vi-
sible on the curve, as at b, especially 
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3rd. sound i-f discriminator 

if 

Fig. 41-53 

beyond the peaks, although even the cen-
ter slope may thicken considerably.By ad-
justing the secondary of the discriminator 
transformer, we should be able to find a 
point at which the 400-cycle modulation 
disappears and the curve looks like that 
at a. We have then moved the center fre-
quency of the. discriminator to 21.25 mc, 

(a) 

(b) 

Fig. 41-54 

41-41 

where the marker is operating, and the 
AM signal at the center frequency is nulled 
by the action of the discriminator. It may 
not be possible to cancel out•the AM com-
pletely if tbe marker generator has some 
frequency modulation, but it is usually 
possible to get enough null to show that 
the center frequency is correct. 

The modulated marker is particularly 
useful in adjusting the secondary coil 
which sets the. zero output frequency of 
the discriminator. An unmodulated marker 
disappears at the cliter portion of the 
slope. Thus, it is necessary to approximate 
the marker frequency at which the discri-
minator output is zero. With a modulated 
marker, the zero output frequency is that 
at which minimum 400-cycle modulation 
appears on the curve. 

6. If the slope of the discriminator curve 
has a bend or jog in it, the null will be 
poor. The non-linearity of the slope will 
will show up when the sweep and CRO 
are first connected, however, so this can 
be corrected by adjusting the discrimina-
tor transformer primary before the marker 
signal is injected. 
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Vacuum-tube Voltmeter. — The VÍVAt 
may be used in two ways in alignment: 

1. Measuring bias 

2. Measuring rectified voltages 

In measuring the rectified voltages, the 
amplitudes of w hich indicate the response 
of the circuits at various frequencies, the 
VTVM is used at the four points where 
these voltages are 'available: the output 
of the picture second detector, the output 
of the sound discriminator, the converter 
grid, and the last sound i-f grid. 

The instrument should be kept on a 
low scale at all time; to avoid the possi-
bility of overloading the amplifiers. If the 
signal becomes too high, reduce the 
marker output. 

Terminate the shielded VTVM cable 
with an isolating (series)resistor of about 
20 K ohms (or whatever value is recom-
mended in the service data). In some dis-
criminator circuits, the isolating resistor 
must be as high as one megohm, to avoid 
detuning the discriminator transformer. 
The manufacturer's literature will warn 
of such special cases. 

Difficulties and Precautions. — Even 
after the test equipment has been con-
nected, observing the precautions men-
tioned in previous paragraphs, several 
factors can cause trouble and distort the 
response curve. 

Grounding. — Ordinary wire may not be 
adequate to ground test equipment. When 
grounding is not adequate, the response 
curve may change every time you bring 
your hand near the test equipment or 
chassis. 

This effect is due to power- line coup-
ling, caused by the fact that the instru-
ments are at different ground potentials. 
Feedback occurs from the receiver into 
the power line and thence to the test 
equipment, or vice versa. This causes 
regeneration, and may even be strong 
enough to cause oscillation — and hand 
capacity makes the instability worse. 

To eliminate the trouble, the ground-
ing must be improved. Place a large metal 
sheet (copper is best; sheet iron will do) 
on the bench top, and set all test equip-

ment and. the receiver on the metal. Make 
sure that the electrical contact between 
the units and the metal sheet is good. If 
the test set-up is permanent, it's best to 
install a copper bench top. Some matched sets 
of test equipment which fit into a metal 
rack designed to minimize this trouble 
are available, but it is still wise to set 
the recei-ver chassis on a sheet of copper. 
The test rack should be bonded to this 
with heavy copper braid. 

(a) 

(b) 

Fig. 41-55 

Spurious Responses. — Various types 
of small waveforms and oscillations may 
appear on the response curve. One type 
of spurious response, called " hash", is 
simply a poor signal-to-noise ratio, 
caused by using a very low output from 
the sweep generator. This is shown in 
Fig. 41-55a. Although, normally, the scope 
output should be low, if this type of hash 
appears, try turning up the sweep output 

and reducing the vertical gain of the 
scope, being careful not to cause over-
load. This often will clear up the hash. 

Another type of hash is interference 
from the deflection oscillators, either 
vertical or horizontal, which is picked up 
on the scope leads and travels to the 
vertical amplifier. One solution for this 
is to pull out the oscillator tube. Another 
solution is to reduce the scope gain and 
increase the sweep output, as discussed 
above. 

A third cause of stray waveforms on 
the response curve, which causes oscil-
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lation resembling a marker pip, is radia-
tion from the local oscillator of another 
TV set nearby. If it is possible to work 
on another channel, this is the simplest 
solution. 

The beat shown in Fig. 41-556 is 
caused by oscillation in picture i-f 
stages, usually occurring because two 
stages are aligned to the same frequency. 
Other possible causes are poor grounding, 
stray coupling feedback along a test 
cable, or defective bypass capacitors. A 
milder form of the same trouble is regen-
eration, which can be recognized by 
excessive noise or snow and horizontal 
smear in the picture or test pattern. This 
is illustrated in Fig. 41-56. 

Fig. 41-56 

Oscillation occurs when the feedback 
is excessive. It produces a high voltage 
across the load resistor of the picture 
2d detector. This voltage disappears when 
the last i-f tube is pulled. In some cases, 
the oscillation can be stopped by increas-
ing the grid bias ( with a bias box). If this 
doesn't work, stage-by-stage alignment 
must be done. Disable all but the last i-f 
stage with . 001-mf capacitors shunted 
from the control grids to ground. Connect 
the marker generator ( in peak alignment) 
to the grid of the last i-f stage and the 
VTVM across the 2d detector load resist-
or. Align the last stage at the proper 
frequency. Then shift the marker probe to 
the grid of the next-to- last stage, remove 
the . 001 Capacitor from that stage, and 
align. Repeat this for each picture i-f 
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stage, working from the 2d detector to-
ward the converter, or back to front. 

Disabling the AGC. — AGC changes 
the bias on the r-f and picture i-f tubes 
according to the strength of the signal 
being received. Any change in bias on an 
amplifier changes the gain and alters the 
response. During alignment, we want only 
the adjustments moving the response.. 
curve. For this reason, we should disable 
the AGC in sets which use it, substituting 
a bias which can be adjusted to an aver-
age normal value; usually about -3 volts. 
The construction and use of a bias box 
was covered in Lessons 32 and 34. 

Service data specifies what bias to 
use during alignment. In aligning a set 
which is used in a fringe area, however, 
better results will be obtained by setting 
the bias 2 or 3 volts more positive than 
the manufacturer recommends for normal 
operation, since the bias is much less on 
weak signals than on strong ones. 

Trap in the Pass Band.— One effect of 
misalignment can distort the response 
curve badly. Figure 41-57 shows the curve 
resulting when the 27.25-mc trap is tuned 
below the frequency of the picture i-f 
carrier. If the curve were further distorted 
by some other factor, such as narrow 
bandwidth, it might be unrecognizable. 

27 25 MC trap 

detuned to 

24.75 MC 

Fig. 41-57 

When a curve such as this one appears, 
the quickest way of identifying the trap 
locations is by touching each trap with 
the fingers. This causes the trap minimum 
point (A in Fig. 41-57) to move left or 
right. In the illustration, touching the 
27.25-mc trap would identify it as repre-
sented by the dip on the right, but we 
would not know it was detuned until we 
inserted the marker signal at the picture 
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i-f, although an experienced technician 
would probably guess as much from the 
steepness and amplitude of the right-hand 
slope. 

pix 2nd 
detector 

Fig. 41-58 

Miscellaneous. — It is always safest 
to connect the scope probe directly across 
the picture 2d detector load resistor, 
using an isolating resistor. This connec-
tion is shown in Fig. 41-58, with another 

permissible connection across both che 
load resistor and the peaking coil. Do not, 
however, take the detector waveform from 
the output side of a coupling capacitor — 
the point marked X in the diagram — be-
cause this introduces a low-frequency 
phase shift which varies with the value 
of the capacitor. The two traces on the 
scope will not coincide, and if blanking 
is used, more serious distortion results. 
Unless the service data specifically says 
otherwise, take the scope signal across 
the load resistor. 

In aligning an i-f amplifier which uses 
overcoupled transformers, an unidentified 
dip which can't be blamed on any of the 
traps may appear in the response curve. 
The sweep generator, when connected to 
the grid of a tube, is also connected to 
the secondary of the interstage trans-
former. The sweep cable termination 
swamps out the effect of the secondary, 
but the primary and its associated capac-
itor form a resonant circuit which func-
tions as an absorption trap and puts the 
dip in the response curve. The exact 
position of the dip depends upon the 
tuning of the primary. In a sound i-f ampli-
fier, for instance, the dip might come at 

Fig. 41-59 
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the exact center of the curve, as shown 
in Fig. 41-59, or it might be considerably 
off-center, giving a peak and plateau 
effect. 

The dip can be eliminated by connect-
ing a 100- or 200-mmf capacitor across 
the transformer primary, as shown in Fig. 
41-59. This detunes the primary suffici-
ently to remove the trap effect, and the 
resultant curve is normal. 

When an r-f tuner is aligned, two pre-
liminary steps should be taken. The first 
picture i-f stage should be disabled, pref-
erably by pulling out the tube. This pre-
vents curve distortion which might other-
wise be caused by trap and hum 
reflections from the i-f amplifier, as 
shown at a of Fig. 41-60. In addition, the 
primary of the converter-first picture i-f 
transformer should be loaded with a small 
resistor (about 300 ohms) or detuned with 
a 200-mmf capacitor to kill resonance in 
the converter plate circuit, which may 
also distort the response. The latter is 
not necessary in all tuners; ordinarily the 
service data gives this information. 

pix 
comer 

sound 
corner 

(o) 

(b) 

(c) 

Fig. 41-60 

Whether the front end is aligned in a 
jig or in the receiver, the r-f oscillator 

tube should be in place and operating. 
The curve a.t b of the diagram shows the 
distortion which results when oscillator 
bias is removed from the converter. Curve 
c shows the true response, with the oscil-
lator tube in place and the first i-f tube 
removed. 

ALIGNMENT PROCEDURE 

41-7. The set of diagrams and instruc-
tions which follows is intended to give a 
working procedure for alignment, which 
can be adapted to any receiver. Remember 
that the curves seen on the scope fre-
quently will have different polarity from 
those shown in the diagrams. 

Over-a II R-f and 1-f Response Curves — 
Connect the test equipment as indicated 
in Fig. 41-61a. Make certain that the 
impedance of the sweep cable matches 
the input impedance of the receiver, and 
use an isolating resistor of about 20 K 
ohms to term in a t e the scope cable. 
Enough marker coupling usually can be 
obtained by clipping the input cable to 
the insulated body of the 1st picture i-f 
grid resistor. Keep the sweep and marker 
outputs low to avoid overload. Tune the 
sweep frequency and the receiver channel 
selector to the highest channel in use in 
the customer's area. Set the marker fre-
quency to the i-f picture carrier frequency, 
which can be found in the service data. 
Leave the marker at this frequency; coup-
ling it into the i-f amplifier saves having 
to re-adjust it for each r-f channel. 

Connect a bias box to the r-f and i-f 
bias bus to kill the' AGC, and set the 
bias to the value recommended by the 
manufacturer. 

Set the fine-tuning control to approxi-
mately the center of its range. 

Adjust the controls of the test equip-
ment to obtain a response curve of the 
proper amplitude. It should appear similar 
to that shown in Fig. 41-61b, and the 
marker at the i-f picture carrier frequency 
should fall at some point between 40 and 
60 per cent on the slope. If the marker 
generator is the type which can produce 
two marker pips, 4.5 mc apart, turn on the 
second marker to check the bandwidth of 
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the curve. Otherwise, retune the unit to 
the i-f sound carrier frequency. The sec-
ond pip should appear at the dip caused 
by the sound traps, or it may be com-
pletely attenuated by the traps, in which 
case tune the marker generator down one-
half mc or so until it appears. The slope 
of the curve above the trap should be 
quite steep, as illustrated. Once you've 
checked the first curve for bandwidth in 
this manner, return the marker to the i-f 
picture carrier frequency and leave it 
there. You can tell by the width of the 
other curves whether or not they're 
satisfactory. 

Continue by checking the response on 
each channel, or at least each channel in 
use in the customer's area. Remember to 
change both the sweep frequency and the 
channel selector switch together. The 
response will be slightly different on 
each channel, but it should always be 
within the limits discussed in an earlier 
section. If the response appears poor on 
certain, but not all channels, make a note 
to check the r-f curves on these channels. 
If the picture carrier marker pip falls out-
side the 40 to 60 per cent section of the 
slope, check the settings of the r-f oscil-
lator frequency on the channels for which 
it is out of limits. 

If the over-all curve has the character-
istic shape of the picture i-f curve on 
even half the channels checked, the pic-

load R 
'sound/-f 

marker I, 

11-4.5 

ture i-f amplifier probably does not need 
alignment. But if the response appears 
bad on all channels, move the sweep to 
the grid of the mixer and tune it to sweep 
the i-f band, checking the picture i-f 
amplifier. These circuits probably are 
res ponsible. 

Picture l-f Amplifier Response.— The 
test set-up mentioned above gives the 
over-all picture i-f curve, which should 
appear like that shown in Fig. 41-61b. On 
this curve the position of the carrier is 
very important— if it does not fall at from 
40 to 60 per cent on the slope, the ampli-
fier is out of alignment. In a stagger-
tuned set, one particular coil will be 
chiefly responsible for the angle of the 
slope and the carrier position; in over-
coupled stages, two or more adjustments 
may be off. 

Since both types of picture i-f ampli-
fiers will be encountered, we'll discuss 
briefly both sweep and peak alignment. 

Stage by Stage Sweep Alignment. — 
Connect the marker to the grid of the 
mixer tube, and the scope across the load 
resistor of the 2d detector, as shown in 
Fig. 41-62, using an isolating resistor in 
the scope lead. The sweep is connected 
first to the grid of the last picture i-f 
tube — properly terminated with a series 
capacitor and shunt resistor. This con-
nection of the sweep is shown as posi-
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tion ( 1). Tune the sweep to cover the i-f 
band, and the marker to 27.1, which is 
the first frequency to be checked. The i-f 
picture carrier in this particular receiver 
is 26.6 mc. 

The curve appearing on the scope is 
the response of the picture 2nd detector 
network, the two coils and the trimmer 
indicated by arrow ( 1). To obtain the 
response shown under the arrow, set the 
trimmer all the way out, and adjust the 
coils until the curve peaks at the marker 
frequency of 27.1 mc. Then tune the mark-
er to 23.25 mc and turn down the trimmer 
until a second peak is obtained at this 
frequency. The curve on the scope should 
look like the one in the illustration. 

Set the marker at the frequency of the 
trap ahead of the 2nd picture i-f stage, 
28.1 mc, and remove the sweep cable. 
Modulate the marker with 400-cycle AM 
and adjust the trap until the modulation 
envelope seen on the scope is at minimum 
amplitude. 

Connect the sweep cable at position 
(2) to the grid of the 1st i-f tube. Turn 
the sweep output to zero and back up to 
obtain a usable curve without overload. 
Set the marker and adjust the two coils 
beside arrow (2) for the curve shown be-
low, with the main peak at 23.75 mc. When 

pix 2nd 
detector 

this is done, disconnect the swee.p, mod-
ulate the marker at 22.1 mc, and set the 
22.1-mc trap which is ahead of the 1st 
picture i-f stage. 

Before aligning the coils shown be-
side arrow (3), the manufacturer recom-
mends that the sound i-f st ages be 
aligned, due to the interaction of the 
sound transformer shown on the drawing 
on the 1st picture i-f coupling network. 

The sweep cable is now connected at 
position (3) and the 1st picture i-f coils 
are adjusted to obtain the response indi-
cated. Since there are no more traps, the 
sweep cable is moved to position ( 4) and 
the final adjustments made. The curve 
seen here is the over-all response of the 
amplifier. The 26.6-mc picture carrier 
should be at approximately 40 per cent on 
the slope. 

Peak Alignment. — The equipment set-
up for peak alignment of a picture i-f 
amplifier is shown in Fig. 41-63. If the 
scope is used, alone or in conjunction 
with the VTVM, modulate the marker 
signal with the 400-cycle AM. By using 
both, you can make the adjustments for 
maximum or minimum swing of the meter 
needle and an occasional glance at the 
scope will warn you of overload, if it 
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occurs. Trap adjustments require a fairly 
strong signal from the marker generator, 
and it's easy to forget to reduce the 
marker output when you begin peaking 
the coils. 

The traps should be adjusted first,and 
manufacturers recommend that the sound 
traps be set before the others. 

Set the marker at 21.25 mc. With the 
VTVM on the 3- or 5- volt scale, turn up 
the marker output until the meter needle 
reads 1/3 to 1/2 scale. Adjust the 21.25-
mc trap nearest the front end for a mini-
mum reading on the VTVM. Then adjust 
the second sound trap. If it is difficult to 
get a definite null from the first trap, 
detune the second by turning in or out the 
adjustment screw until the reading on the 
meter rises somewhat. Then tune the first 
trap for a null. If the second trap now 
gives trouble, temporarily connect the 
marker cable to the grid of the tube just 
ahead of the second trap. Adjust the 
marker output to the proper value, set the 
trap for minimum on the meter, and return 
the marker cable to the mixer grid. 

The two 27.25-mc traps should be 
adjusted next, using the same technique, 
if ne cessary, and then the adjacent-
channel picture trap ( 19.75 mc). 

22.75 

27.25 

21.25 

44 
21 25 

VT VM 

20 K 
isolation 

Before making the peaking adjust-
ments, reduce the marker output to zero 
and make certain that the bias box is 
connected and set to the recommended 
value. Service data specifies that the 
coils should be adjusted in the following 
order: 

1. 22.75 mc 
2. 24.6 mc 
3. 22.0 mc 
4. 25.55 mc 

Tune the marker to 22.75 mc, turn up 
the output to obtain a usable reading on 
the VTVM and adjust the first coil for 
maximum on the meter. Align the other 
three in a similar manner. 

This covers the peak alignment of all 
the traps and stagger-tuned coils. Still 
remaining, however, is the converter — 1st 
picture i-f transformer, which is over-
coupled. The best way to adjust this 
transformer is by its response curve, 
which can be obtained, most easily by 
using a rectifying (detector) probe on the 
scope calle to rectify the i-f in the same 
manner as the picture 2nd detector. 

Figure 41-64 shows the equipment 
connected, as well as the response curve 
which should be obtained (solid line). On 
any overcoupled transformer, a consider-
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able amount of time and trouble can be 
saved by the use of two neutralizing 

sticks. Place one on each adjustment 
screw, primary and secondary, and turn 
them simultaneously while watching the 
response. With a little practice, you can 
tell whether the curve is shaping up as it 
should, and which way to turn each stick 
to get the desired results. 

The 220-ohm input resistor of the 
probe swamps out the plate coil of the 
first picture i-f, so that we do not see its 
response. The response of the grid of the 
first picture i-f is seen, but the probe is 
isolated from the grid coil (converter-
secondary coil) and does not alter its 
resonant frequency. 

If no rectifying probe for the scope is 
available, the curve of this transformer 
can be seen with the scope connected in 
the usual place across the load resistor 
of the picture 2nd detector. To do this, it 
is necessary to kill the response of all 
the other i-f stages by shunting each coil 
or transformer with a 330-ohm resistor. 
The traps (wed not be shunted; their only 
effect is to add the dips shown by the 

Fig. 41-64 

22.55 

pix i-f 

25.65 

dotted lines. You can look at the response 
of any i-f stage by shunting out the others 
in this manner. If the service data pro-
vides the curves for referenc e, the 
stagger-tuned i-f amplifier can thus be 
sweep aligned. 

Adjustment of the converter-lst picture 
i-f transformer completes the alignment of 
this picture i-f amplifier. 

Discriminator Response. — It is often 
possible to align the discriminator by 
either peak or swee‘p alignment. Since 
we've already discussed the use of a 
modulated marker for discriminator sweep 
alignment, we'll cover the peak method 
here. 

The marker generator should be con-
nected to the grid of the last sound i-t 
amplifier tube and the VTVM to the 
:enter point of the diode load resistors in 
the discriminator. This set-up is shown 
in Fig. 41-65. In many discriminator cir-
cuits, it will be necessary to use a large-
value isolation resistor in series with the 
small capacitance of the probe. 

With the VTVM connected to the point 



tune the marker back through the i-f and 
continue until a peak voltage reading of 
the opposite polarity is obtained. The 
amplitudes of the peak readings should be 
nearly the same — if they aren't, change 
the setting of the primary, readjust the 
secondary for zero voltage at the i-f 
sound carrier frequency and check the 
peaks again. Repeat this procedure until 
the peaks are approximately equal. 

Ratio Detector. — The ratio detector 
makes use of a third ( tertiary) winding on 
the discriminator transformer and a load 
circuit distinguished by the electrolytic 
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marked ( 1). and the marker tuned to the i-f 
sound carrier frequency, adjust the pri-
mary of the discriminator transformer to 
obtain a maximum reading on the meter. 

Now move the VTVM probe and the 
isolating resistor to the output cathode of 
the discriminator— the connection marked 
(2)— and adjust the transformer secondary 
for zero output on the meter. 

Now check the discriminator action, 
using the center zero of the VTVM. Tune 
the marker away from the i-f sound carrier 
until a positive or negative peak voltage 
reading is obtained on the meter. Then 

ratio detector 

Fig. 41-66 
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capacitor to provide a constant reference 
voltage, but the sweep alignment proce-
dure is usually about the same as that 
for the discriminator. 

Figure 41-66 shows a typical circuit 
of a ratio detector, and indicates the two 
points at which the VTVM probe should 
be connected for peak alignment. If a 
scope is used, connect the scope probe 
at the output — position ( 2) on the draw-
ing. In sweep alignment, the response 
curve should have the same general shape 
as that of the discriminator, although in 
some cases, the high- and low-frequency 
slopes will be somewhat steeper. In 
either type of alignment, the primary of 
the transformer adjusts linearity, while 
the secondary determines the center 
frequency. 

In peak aligning the ratio detector, 
connect the VTVM to position ( 1) to 
adjust the primary for maximum. Connect 
to position (2) to adjust the secondary 
for zero. The signal generator is set at 
the sound carrier frequency. Some ratio 
detectors have one end of C grounded. 
In such circuits, a residual d-c voltage 
is present at the audio output connection 
(2). For this reason, the secondary cannot 
be peak-aligned for zero with the VTVM 
connected at the audio output point. 
Connect two 100-K resistors across the 
electrolytic condenser ( C) and connect 
the VTVM to the center of the resistors. 
The secondary can then be adjusted to 
zero. 

The R-f Section. — Circuits used in the 
front end vary widely from set to set, 
although the basic arrangements are 
similar. Therefore, while it is possible 
to give a general alignment procedure, 
you should always check the service data 
for specific test connections and adjust-
ment points. 

Figure 41-67a shows an example of a 
test set-up for r-t alignment. The sweep 
is connected to the antenna terminals. 
The output impedance at the end of the 
sweep cable should match the receiver 
input impedance. If it doesn't, use a 
simple resistance pad, as shown in b of 
the drawing, to obtain a match. The shunt 
resistor should be approximately equal to 

the cable impedance, while the three 

resistors in series should add up to with-
in 20 or 30 ohms of the receiver's input 
impedance. R1 and R2 must be equal. A 
typical response curve is shown in c of 
the figure. 

The marker output should be loosely 
coupled to the front end, and the scope 
probe connected, usually through an iso-
lation resistor, to a point which will give 
the r-f response envelope. In many tuners, 
this connection can be made across the 
converter grid- bias resistor, as shown, 
but this is not always the case. Some 
circuits must be temporarily modified in 
order to get a response. 

Remember to kill trap and hum reflec-
tions either by pulling the first picture 
i-f tube or by connecting a 200-mmf ca-
pacitor (with short leads) from this grid 
to the chassis. Set the bias to the recom-
mended value. 

Tune the sweep generator and the 
front end to the same channel. You will 
save time by working first on the channel 
with the narrowest response curve, which 
is usually specified in the service data. 
Due to the interaction between channels 
on all but turret tuners, when you get the 
narrowest ones adjusted correctly, the 
others won't be too wide and the same 
channel need not be adjusted twice. 

Set the marker generator to the picture 
carrier frequency for the channel being 
worked on. This pip should fall on one 
shoulder of the curve, at or near the 
peak. Note the location of this pip (mark-
ing it on the scope screen with crayon), 
then tune the marker to the sound-carrier 
frequency. The carrier pips should fall on 
the flat portion of the top, or not lower 
than 70 per cent on the slopes, if the 
response is fairly narrow. 

The marker generator must be extreme-
ly accurate for this use. To avoid any 
possibility of the marker's being off-
frequency, it's possible to use the actual 
station carriers as marker pips on occu-
pied channels. Simply connect the lead-in 
from an antenna to the input terminals of 
the tuner, along with the sweep connec-
tion. The marker generator is removed 
entirely. The response curve will appear 
extremely bumpy, dun to the constantly 
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changing sidebands in the station trans-
mission, but you will be able to see the 
carrier pips without difficulty. Mark the 
locations of these pips on the scope 
screen with crayon or grease pencil, and 
then remove the antenna lead-in — leaving 
the sweep connected. There will then be 
a smooth response, and the carrier fre-
quencies will be accurately established. 
Once the marks are made, don't change 
the horizontal sweep of the scope or the 
center frequency of the sweep generator 
until you've finished working on that 
channe 1. 

Make the necessary adjustments in the 
order specified by the service data. This 
sequence of adjustments is often essen-
tial when the tuner is badly out of align-
ment, but minor touching-up usually can 
be done without regard to the exact 
sequence. It's usually best to align the 

converter 

markers 

4.5 ré 
I MC I 

6MC 
at 70% 
points 

(a) 

channels in the recommended order, how-
ever. When the response curve has been 
brought to the recommended shape and 
amplitude on one channel, switch the 
tuner, sweep generator, and marker gen-
erator, if used, to the next channel. 
Erase any previous crayon marks on the 
scope screen and establish the new 
carrier locations by either of the methods 
described. Make the adjustments neces-
sary to get the response of this channel 
right, then repeat the procedure on all 
remaining channels. 

Since most of the adj.ustments have 
considerable interaction — gain affects 
bandwidth and tilt, etc. — you'll often 
save time by working with two neutral-
izing sticks and adjusting two trimmers 
or cores at the same time. 

Adjusting R-f Oscillator. — H the r-f 
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oscillator is not operating at the correct 
frequency on each channel, the i-f picture 
and sound carriers will not fall at the 
correct points on the over-all picture i-f 
curve. The oscillator operates above or 
below — usually above — the r-f picture 
carrier frequency by an amount exactly 
equal to the picture i-f of the set. 

In some sets, it is necessary to set 
the oscillator frequencies before aligning 
the tuner. The service data will tell you 
when this is the case. 

There are two reasons why the oscil-
lator frequency should be correct before 
alignment. First; in the case of r-f and 
converter alignment, the oscillator sup-
plies bias for the converter. If the oscil-
lator frequency is not correct, the con-
verter grid bias will not be correct, and 
the curve will not represent the response 
actually present when-the set is receiving 
a station. If a station is received, the os-
cillator frequency is necessarily correct. 
The second reason is significant when 
over-all alignment is checked. Difficulty 
may be experienced with sweeps of the 
type in which the frequency band swept 
is selected by a switch rather than a con-
tinuous tuning control. If the oscillator 
frequency is incorrect the band of i-f fre-

quencies produced in the converter will 

not correspond to the band of i-f frequen-
cies tuned to by the receiver. The curve 
will not be a true picture of the i-f re-
sponse,since the curve shows only a part 
of the i-f passband. With switch-type 
sweep generators there is no method of 

compensating for this effect, by adjusting 
the sweep generator. The receiver local 
oscillator must be set to the correct fre-
quency in order to see the whole curve. 

We will describe four methods of set-
ting the oscillator frequencies. When the 
tuner has been removed from the set and 
is being aligned in a jig, use one of the 
first three methods. The fourth method is 
for use when the oscillator is being 
adjusted with the tuner in the receiver. 
In this case, the discriminator must have 
been aligned first, so that its center-zero 
is exactly at the correct sound i-f. 

The first three methods use the zero-

oscillator 
tube 

oscillator 
tube 

detector 
probe 

(c) 

Fig. 41-68 

phones 

beat principal, beating the oscillator out-
put against an accurate signal known to 
be at the correct frequency. Figure 41-68 
illustrates the three set-ups. 

If your marker generator includes a de-
tector and a stage or two of audio ampli• 
fication, the method shown at a may be 
used. Place a loop orwire around or near 
the oscillator tube and connect the ends 
to the r-f input of the marker. Plug a set 
of headphones into the PHONE jack. 
Tune the marker to the oscillator fre-
quency for Channel 13, w hich can be found 
in the service data or by adding the pic-
ture i-f of the set to 211.25 mc, the r-f 
picture carrier for that channel. Switch 
the tuner to Channel 13 and adjust the 
tine-tuning control until a beat is audible 
in the phones. Check the fine-tuning con-
trol to be sure it is about the center of 
its travel. If it is, the oscillator frequency 
setting is correct for Channel 13. If it 
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isn't, set the fine-tuning at the mid-point 
and vary the oscillator trimmer or slug for 
the channel until the beat note is heard. 
This note is high-pitched at the edges, 
low at the center, and the exact zero 
beat is the lowest pitch (sometimes com-
plete silence ) in the center. After the os-
cillator is adjusted on Channel 13, re-
peat the procedure for 12, 11, and so on. 

If you have a heterodyne frequency 
meter which includes a detector, you can 
set it up as shown at b, using the same 
procedure described above. If crystals 
are used for frequency calibration, turn 
them off after the meter is set to the os-
cillator frequency. 

It you have an accurate marker genera-
tor, without a detector stage, the method 
shown at c may be used. Loosely couple 
a turn of wire to the oscillator stage and 
connect one end to the r-f output cable 
of the marker, the other end to the detec-
tor probe of the scope or the simple crys-
tal rectifier circuit shown previously. 
Connect the ground leads of the marker 
cable and the scope cable together. 
Switchthe tuner to Channel 13 and tune the 
marker to the correct r-f oscillator fre-
quency for this channel. With the fine-
tuning controlat the midpoint of its range, 
a large beat note should be visible on 
the scope. Tune the Channel 13 oscilla-
tor adjustment, if necessary,for maximum 
amplitude on the scope. Repeat the pro-
cedure on each channel in order. 

antenna 

antenna 
terminals 

r- f 
amplifier 

The fourth method, which has two 
variations, is very convenient for use 
when the tuner is in the set, but the dis-
criminator must have been aligned or 
checked. Figure 41-69 shows how the e-
quipment is connected. 

If a marker generator is being used, 
couple the marker output loosely to the 
antenna terminals of the receiver and con-
nect a VTVM to the output of the discri-
minator. Switch the tuner to Channel 13 
and tune the marker to the r-f sound car-
rier frequency for Channel 13, which is 
215.75 mc. Set the fine-tuning control at 
the mid-point of its travel. The VTVM 
should read zero, which is the discrimi-
nator center-zero. Check the setting by 
varying the fine-tuning each way. A slight 
adjustment in one direction should pro-
duce a positive voltage reading, and ad-
justment in the opposite direction should 
cause a negative reading . If the discri-
minator output is not zero with the fine-
tuning control at approximately the center 
of its trarl, set the control at the mid-
point and adjust the oscillator trimmer 
for Channel 13 until the meter is zeroed. 
Check again, as above, to make sure that 
this is the center-zero. Repeat the proce-
dure on the other channels, working from 
12 down. 

In the other variation of this method, 
the station signal is used instead of the 
marker generator, which limits the adjust-
ments to those channels in use in your 
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sound i-f 
amplifier 

Fig. 41-69 
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area. Connect the antenna lead-in to the 
input terminals of the receiver and con-
nect the VTVM to the discriminator out-
put. Switch the tuner to the highest-fre-
quency TV station on the air. Turn up 
the audio volume to a comfortable level 
and adjust the fine-tuning control to ob-
tain the best sound. Check the VTVM and 
re-adjust the fine-tuning slightly if neces-
sary to bring the reading to exactly zero. 
This is the center-zero of the discrimina-
tor. Now the fine-tuning control should 
be approximately at the center of its 

range. If it isn't, set it to the mid-point 
and tune the oscillator adjustment for 
the channel you're receiving until the 
meter reads zero. Repeat on each occu-
pied channel from the highest to the 
lowest . 

Final Check of Gver-a II Response 
Curves . — After the separate sections ot 
the receiver have been aligned, it is im-
portant to look again at the over-all r-f 
and i-f picture curves to make any final 
touch-up adjustments that may be neces-
sary for the best response. 

Connect the test equipment as before, 
and check the curve on each channel. The 
shape will vary somewhat from channel 
to channel, but this is normal as long as 

each curve remains within the proper 
limits. If the response seems poor on 
some channels, try touching up the ad-
justments in the picture i-f amplifier to 
improve it, but be careful that an im-
provement on one channel doesn't make 
matters worse on the two adjacent chan-
nels. 

Make sure that the marker pip for the 
i-f picture carrier rides at 40 to 60 per-
cent on the slope for each channel. 

For fringe areas, the carrier can be 
set up to about 70 percent on the slope. 
Also, to receive the best picture in a 
strong area the carrier can be moved 
down around 30 percent. 

If the over-all picture i-f response 
doesn't seem quite right on any channel, 
which indicates a defect in the picture 
i-f amplifier, it's possible that two of the 
coils may be interchanged in frequency. 
For example, the third i-f transformer 
should be tuned to 22.0 me, but may be 

at 22.5 mc, and the fifth i-f transformer 
should be tuned to 22.5 mc, but may be 
at 22.0 mc. 

The peak frequency of each coil is 
given in the service data. The location 
of each can be checked on the response 
curve by touching the coils one after the 
other with your fingers. The portion of 
the response affected by each coil will 
jump or flicker when the coil is touched. 
Thus, in the above example, when the 
third i-f coil is touched the flicker should 
appear closer to the sound-trap frequency 
than when the fifth i-f coil is touched.If 
the results are opposite, the coils have 
been interchanged and must be re-peaked 
at the correct frequencies. 

In many RCA receivers using the type 
of i-f found in the model 8T241, a hump 
may appear on the picture-carrier slope of 
the over-all i-f curve, as shown in Fig. 

41-70a. This hump cannot be smoothed 
out without detuning the adjacent sound 
trap below it, which is not advisable. 

hump ) / 

(a) 

break 
cement 

smooth 
slope 

twist coil 

(b) 

(c) 

Fig. 41-70 

The hump is caused by too-tight coup-
ling in the coil-trap combinations used in 
these receivers. The trap is wound on a 
notched form, as illustrated in b, and 
held firmly in place by drops of cement. 

The solution is to break the cement and 
twist the coil itself, as shown in b of the 
figure, as if you were unscrewing it from 
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the form. The result is that the coupling 
between trap and tuning coil is reduced 
and the hump disappears. It's a good idea 
to re-cement the coil to the notches after 
the correct position is found, to avoid 
possible microphonic trouble. 

Trouble can also result from the con-
struction of the coupled coils and traps 
used in many receivers.As shown in Fig. 
41-71, there are two possible core posi-
tions for both the coil and the trap, and 
each position will give a correct indica-
tion (peak or null) on a VTVM connected 
at the 2nd detector. The outer setting 
of the core is better, however, because 
the inner position places the core too 
close to the other winding and serious 
interaction results. There is always a 
certain amount of interaction, but normally 
it can be compensated for. If the trap 
core, for instance, is set at the inner po-
sition for a null on the meter, you may 
find when peaking the coil that the trap 
is badly detuned. If you pull the trap 
back on frequency, the coil is detuned 
again, and the effect continues in the 
same manner. When coil and trap adjust-
ments are abnormally critical, look for 
this source of trouble. 

Occasionally it is desirable to use the 
lower position because mechanical limi-
tations prevent moving the core far enough 
upward to reach the desired resonant fre-
quency. Usually nothing obstructs the 
downward movement of the slug. 

core- desired 
(outer) setting.... 

inner setting 
detunes coil 

inner position 
detunes trop 

desired setting,' 

Fig. 41-71 

trop 

In intercarrier sets, one of the most 
important factors is the location of the 
sound carrier, which should be at or near 
5 percent on the slope of the response. 
If it goes much above 5 percent, picture 

buzz is likely to appear in the sound, 
and possibly sound in the picture. If it is 
too low,the sound becomes weak or noisy. 

Often time can be saved by simply 
working on the over-all picture i-f re-
sponse curve. This will work only when 
the misalignment is relatively minor, but 
it is good practice to experiment with 
the various adjustments and see how each 
one affects the over-all curve.L earn what 
frequencies.are associated with each por-
tion of thé curve and you will be able to 
recognize quickly what effect a coil may 
be expected to produce. 

Take a final look at the over-all sound 
i-f response by connecting the test equip-
ment as before, but with the sweep and 
marker connected to the input of the first 
sound stage. Make any necessary touch-
up adjustments to obtain the "ideal" re-
sponse, or as close to it as possible, 
then move the scope cable to the output 
of the discriminator. Check the discrimi-
nator curve for center- zero at the i-f sound 
carrier and for proper linearity. This com-
pletes the alignment. 

ALIGNMENT IN THE FIELD 

41-8. Two alignment procedures can 
be performed in the customer's home with 
only a VTVM. 

A sound i-f amplifier which uses 
peaked, not overcoupled, coils can be a-
ligned. Connect the VTVM first to the 
output of the discriminator, as shown at 
position ( 1) of Fig. 41-72. Tune in a rea-
sonably strong station and adjust the fine-
tuning control for the best picture, then 
make a slight readjustment if necessary 
to obtain zero output on the meter. This 
places the sound carrier at center-zero 
of the discriminator. 

Now move the VTVM probe to the cen-
ter of the diode load resistors, point (2) 
on the diagram. For some receivers a 
high-value isolating resis.tor in series 
with the probe will be needed to avoid de-
tuning the discriminator transformer. 
About one megohm is sufficient. Peak the 
sound i-f coils for a maximum reading on 
the VTVM. 

You can adjust the sound traps by 
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peak coils 
for maximum with 
VTV141 01 point® 

2nd sound i-f 

VTVM 

Fig. 41-72 

watching the picture on the kinescope. 
Again, it is necessary first to set the 
fine-tuning until the discriminator is at 
center-zero, as indicated on the VTVM 

connected to the output of the discrimi-
nator. Another method can often be used 
to find the center-zero without an elec-
tronic voltmeter. After tuning for the best 
sound, weaken the signal and introduce 
noise into the sound by disconnecting 
one or both antenna leads temporarily. 
You can hear this noise in the background. 
Adjust the fine-tuning control until the 
critical point at which the noise disap-

pears is found. This is center-zero, and 
the noise, which is amplitude-modulation, 
cancels out Leave the fine-tuning at 
this point and re-connect the antenna 
leads. 

Now look at the picture tube . With the 
fine-tuning correctly set, there should 
be no sign of sound in the picture if the 
traps are functioning properly. If the 
characteristic sound bars shown in Fig. 
41-73 appear, and if the bars are not af-
fected by turning down the volume con-
trol, one or more of the sound traps in 
the picture i-f amplifier probably is de-
tuned. Try adjusting each of the i-f sound 
traps while watching the kinescope. A 
point will be found at which the sound 
disappears from the picture. The i-f traps 
are then correctly adjusted. 

Another type of sound may appear in 
the picture, caused by the 4.5-mc beat 
between the picture and sound carriers 
getting past the 4.5-mc trap. This beat 
appears on the kinescope as 240 thin dia-

discriminator 

Fig. 41-73 

Fig. 41-74 

gonal or almost vertical lines. It may be 
accompanied by horizontal sound bars in 
a herring- bone pattern, due to FM modu-

lation in the beat. Figure 41-74 shows 
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these 4.5-mc sound bars. If some of the 

i-f sound signal gets through the picture 
i-f amplifier, intentionally or otherwise, 
the beat is formed in the picture 2nd de-
tector. Some sets permit this, and use a 
4.5-mc trap in the first video stage to 
eliminate the beat. The Philco Model 
48-1000 is an example. If this trap is 
detuned, the beat gets through to the 
kinescope; the remedy is to adjust the 
trap until the picture clears up. In other 
sets, the sound signal is eliminated be-
fore it can reach the 2nd detector. If the 
i-f sound traps are detuned, however, 

some of the signal may get through. Again, 
the trouble is corrected by adjusting the 

sound traps until all sound bars disappear 

from the picture. 

If the receiver is an intercarrier set, 

a 4.5-mc beat on the kinescope may also 
be caused by incorrect alignment of the 
picture i-f amplifier. 

Remember that the fine-tuning con-
trol must be correctly set before the traps 
are adjusted, since even in a correctly 
aligned set sound bars can be produced 

in the picture by turning the fine-tuning 
control to the end of its range, and a 4.5-
mc beat note by turning it to the other end. 

ALIGNMENT OF AM AND FM RADIOS 

41-9. Procedures for aligning AM and 

FM radios are comparatively simple. A 
sweep generator which covers the common 
i-f's for AM and FM sets and has suffi-
cient sweep range is needed. For AM ra-
dios, the i-f is usually 465-kc and the pass 
band varies from 3 kc (ac-dc midgets) to 
about 16 kc for high-fidelity sets. FM re-
ceivers commonly use a 10.7-mc i-f and 
must accept at least the 150-kc bandwidth 
transmitted by FM stations ( 75-kc frequen-
cy swing at 100-percent modulation); the 
generator sweep is ordinarily set at from 

250 to 300 kc. Sweep generators covering 
this range nearly always have built-in 
markers. 

To align an FM receiver using a dis-
criminator or a ratio detector, follow the 
same procedure as for the TV sound sec-
tion, with the following modifications: 

The i-1 and bandwidth are different. 

(Check the service data.) 
Disable the r-f oscillator, either by 

shorting the tank circuit or by pulling 
the tube if it is a separate oscillator 
and all heaters are in parallel. This 

kills spurious oscillations. 
Align the i-f stage by stage, working 
from back to front, since these stages 

usually are overcoupled. 
The discriminator can be aligned with 
a scope or with a VTVM. 

AM Radios. — In good- quality consoles 
and high-fidelity AM sets, the bandwidth 
may be from about 8 kc to 16 kc or more, 
and it is therefore usually wise to use 
sweep alignment. Ac-dc sets and mid-
gets, however, usually have single-peak 
response with a bandwidth of about 3 to 

5 kc, so peak alignment is often used. 
However, it is often possible to get bet-
ter results by the sweep method. When 
the response curve can be seen, you can 
adjust for symmetrical slopes, which re-
duces distortion. 

Figure 41-75 shows the i-f amplifier 
of a good broadcast console. To align, 
connect the test equipment as illustrated, 
set the sweep for a width of about 20 kc 
and tune the marker to the i-f. Discon-
nect the antenna, disable the r-f oscil-
lator by grounding the oscillator tuning 
capacitor, and temporarily ground the 
AVC bus. 

In the case of a biased triode detector, 
the best way to connect the scope is as 
shown in Fig. 41-751). Break the cathode 
lead and connect the scope probe to the 
cathode, with a 0.5-megohm resistor and 
a 250-mmf shunt capacitor from probe to 

ground . It is sometimes recommended that 
the detector plate load be shorted out, 
but this isn't always necessary if the 
power supply has good regulation. 

Adjust the secondary trimmer of the 

last i-f transformer, then the primary trim-
mer. The response may be either single-
or double-peak, depending upon the set. 
Adjust the trimmers to place the marker 
at the center, with the curves symmetri-
cal on both sides and with the maximum 
possible bandwidth. A point will be 
reached at which the curve suddenly broad-
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converter ¡st i-f 

(0) 

Fig. 41-75 

ens out but the amplitude drops rapidly. 
Make the final adjustment for the best 
compromise between good bandwidth and 
reasonable gain. 

When the last i-f transformer has been 
aligned satisfactorily, move the sweep 
cable to the grid of the first i-f tube and 
work on the transformer between that and 
the second i-f stage. Always adjust the 

secondary trimmer first, then the primary, 
and do a final touching- up on both. 

Finally, connect the sweep cable to 
the converter grid and align the first i-f 
transformer. When this has been adjusted, 
the alignment is complete. Remember to 
remove the jumpers from the oscillator 
capacitor and the AVC bus. 

When the sweep cable is connected 
to a point of d-c potential, it is necessary 
to use a series capacitor, just as in a 
TV set. A capacitor of about . 05 mf is 

Biased triode detecto-rl 

to 
scope 

250 
MMF 

(b) 
2nd i-f detector 

satisfactory for broadcast receivers; in 
FM sets, use about . 01 mf. 

The procedure for ac-dc sets is the 
same as that described above. One cau-
tion; the chassis of a midget set is often 
above ground potential, so a capacitor in 
series with the scope probe must be used. 
There may be an a-c ripple on the re-
sponse curve, but it will not be serious 
enough to interfere with alignment. If a 
VTVM is used on the same set for peak 
alignment, this a-c pickup ripple may make 
it hard to obtain accurate peak readings. 

TROUBLESHOOTING WI TH ALIGNMENT 
EQUIPMENT 

41-10. Alignment equipment offers a 
fast, practical means of locating obscure 
troubles, particularly those which do not 
cause variations from normal circuit volt-
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ages. For instance, a set may be operat-
ing correctly, but not as well as might 
be expected. If all the voltages check 
correctly, the trouble must be localized 
to one stage. Alignment equipment is 
ideal for this, since it enables you to 
identify frequency, response shape, and 
amplitude or gain. 

Stage-by-Stage Checks. — The crystal 

detector probe, described and illustrated 
earlier, is very useful for this work, since 
it makes it possible to place the scope in 
any circuit and obtain a response curve. 
For this purpose, the 220-ohm input resis-
tor shunted from probe tip to ground de-
tunes and damps out the effect of the cir-
cuit into which the scope is connected. 
Connect the probe one stage after that 
to be observed. 

For stage- by-stage checks, begin with 
the scope connected to the output of the 
picture 2nd detector ( the crystal probe is 
not needed here) and the sweep connected 
to the grid of the last i-f tube. The marker 
can be coupled to the grid of the converter, 
where it is out of the way. After checking 
the response of the last i-f stage, a rough 
gain check can be made as follows: 

1. Temporarily connect the sweep to the 
input of the picture 2nd detector. 

2. Adjust the scope gain and the sweep 
output until the highest point on the curve 
is an inch from the base line. This is 
best done with the graph screen in place 
on the CRO; 10 small divisions on most 
screens equal one inch. If you don't have 
a screen or don't want to use it, you prob-
ably can estimate closely enough for prac-
tical purposes . Do not move the gain ver-
nier or the sweep output controls again 
until the gain check is finished . 

3. Re-connect the sweep to the grid of 
the last i-f stage. 

4. The curve probably will run far off 

the face of the scope. Use the vertical 
gain selector, not the vernier, to reduce 
the scope gain until the entire curve is 

visible. Most scope gain selector switches 
attenuate the input signal ten times on 
each successive step On these scopes, 

moving the switch one step will bring the 
curve back on the screen. On scopes with 

different ratios, determine how many times 
the signal must be attenuated to bring 
back the curve. 

5. Measure or estimate the height of the 
new curve in inches from base line to 
peak. 

6. Multiply the amount of attenuation 
required to bring the curve back on the 
screen by the height in inches of the new 
curve. The result is the approximate gain 
of the stage. This gain can be checked 
against the manufacturer's figure. If the 

service data does not specify gain, it's 
safe to assume that the gain should be 
between 8 and 25. 

As an illustration, assume that the 
curve goes off the screen of the scope, 
as expected, and we must turn the ver-
tical gain selector one step to bring it 
back. This is an attenuation ten times 
the original. The new curve is an inch 
and a half in height. The stage gain, 
then, must be approximately 10 x 11/2, or 

15. 

After the gain of the last i-f stage 
has been checked, attach the detector 
probe to the scope cable and conn,ect it 
at the input to the picture 2nd detector. 
Leave the sweep generator connected to 
the grid of the last i-f stage and adjust 
the sweep output and ' scope gain vernier 
for a one-inch curve, as described above. 
Move the sweep cable to the grid of the 
next-to- the- last i-f stage and check the 
gain of this stage by using the step gain 
attenuator to bring the curve back on the 
screen. 

When the gain of the next- to-the-last 
stage is known to be correct, the individ-
ual response curve can be examined by 
bringing the detector probe to the grid of 

the last i-f stage. 

Continue back to the first i-f stage, 
checking gain and response. This method 
of calculating gain uses the gain of one 
stage to calibrate the scope (setting the 
curve one inch high), then measures the 
extra gain of the next stage as the sweep 
connection is moved forward.When looking 
at the individual-response curves, instead 
of moving the sweep and scope ahead a 
stage,we simply set the curve at one inch, 
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move the sweep, read the gain of the next 
stage, then move the scope. 

Gain alone may be determined using 
only the scope. Connect the antenna to 
the set and tune in a channel with a signal 
of average strength. Calibrate the verti-
cal amplifier of the scope for peak-to-peak 
voltage measurements. This procedure was 
described in a previous lesson. Measure 

the voltage at the grid of the stage in 
question, then the voltage at the grid of 
the following stage. Divide the second 
reading by the first to obtain the stage 
gain. Don't make the second measurement 
at the plate of the suspected stage, since 
this gives only the gain of the tube. Use 
the detector described previously with 
the scope probe. 

Stage- by-stage checks of response 
are extremely helpful for locating such de-
fects as an open bypass capacitor not af-
fecting the d-c voltages. Such a defect 
causes a shift in frequency of the stage 
response and a loss of gain, both of 
which show up when alignment equipment 
is used. When such symptoms are found, 
check the bypass capacitors by shunting 
them with good capacitors. If a capacitor 
is all right, the response curve will re-
main the same. If it is defective, the peak 
will shift frequency and the gain will 
increase. 

In sound i-f amplifiers, an open bypass 
capacitor has the same effect — loss of 
gain and frequency shift. The apparent 
result is weak sound. The bad stage may 
be retuned so that the gain increases, but 

it will not reach normal. The stage is then 
actually tuned to the wrong frequency, and 
if the bad capacitor is replaced by a good 
one, the sound will again become weak. 
By checking the response curve of the 
stage, we can be certain whether or not 
the stage is detuned. 

Stage- by-stage checks also make it 
possible to locate such defects as a ca-
thode resistor of the wrong value, or an 
incorrect value of damping resistor. These 
damping resistors are critical; even a re-
sistor of the next standard size will 
change the response. An open plate coil 
shunted by a damping resistor often will 
not affect the d-c voltages appreciably, 
but it may change the frequency and gain. 

Such changes are easily located- by a 
check of individual stages. 

In addition to the use of a crystal 
probe on the scope,stage-by-stage checks 
can be made in two other ways. 

In the first method, the sweep genera-
tor is connected to the grid of the last 
picture i-f stage, then moved forward stage 
by stage. The first response curve is that 

of the last i-f stage, the second curve is 
a combination of the responses of the last 
and next- to-last stages, and so on. Some-
times these curves are given in the ser-
vice data. If not, it takes only a few min-
utes to draw them by running through the 
procedure on several receivers known to 

be in good operating condition. By copy-
ing the curves, a collection of the proper 
response curves for receivers most often 
serviced can be obtained. 

The second method involves damping 
out the response of each stage except 
the one to be checked by connecting 300-
ohm resistors across the picture i-f coils. 
The sweep generator and marker may be 
connected either to the antenna terminals 
or to the grid of the converter, and the 
scope to the output of the picture 2nd de-

tector. If, for- example, the response of 
the third i-f stage is desired, the damping 
resistors would be connected across the 
coils of all the other stages. 

The stage- by-stage check is also use-
ful in checking video gain and frequen-

cy response. To check the response of the 
video amplifier, connect the equipment as 
shown in Fig. 41-76. Be sure to use a 
crystal detector probe on the scope cable. 
For this use the probe should have about 
the same capacitance as the input capa-
citance at the grid of the picture tube; this 
puts the same loading on the video output 
stage as it has in norm-al operation. The 
kinescope can be pulled and the probe 
connected to the grid terminal of the kine-
scope socket. The probe circuit shown in 
part b of the drawing is satisfactory in 
most cases. 

Set the sweep generator to cover the 
video range; 0 to 6 or 8 mc :5 ample. The 
response seen on the scope should appear 
similar to that of Fig. 41-76, except that 
a tail may appear on the high-frequency 
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end if the sweep width is considerably 
more broad than the actual response. 

Video gain can be checked byeither of 
the methods previously described. 

Alignment equipment can be used on 
the r-f amplifier or the converter stage 
alone to locate difficult troubles, such as 
poor response on one channel not due to 
ordinary mis -tuning. One coil may be 
shifted in frequency but still producing 
the correct curve shape, due to the coil 

having been miswound, bent out of shape 
etc. The coil responsible can be quickly 
isolated with alignment equipment. If an 

r-f curve on Channel 2 appears badly 
tilted, check the high-pass filter, which 
may be cutting into it. On the channels 
nearest the FM band in your area, the 
same tilt may be caused by an FM trap. 

Locating Intermittents. — The sweep 
generator and scope offer a fast and re-
liable means of localizing intermittent 
troubles. This method is often referred 
to as " tap testing". The equipment can 

be used stage-by-stage or simply set up 
to give the over-all picture i-f response 
curve. To test, tap the tubes, i-f cans 
and all components, including wiring, 
with the eraser end of a lead pencil, 

001 MF 

to 
kinescope 

grid 

d-c 
restorer 

response 

(c) 

(b) 

to 
scope 

watching the curve on the scope. Use a 
firm pressure,enough to jar the component 
somewhat. Never use a pencil without an 
eraser, or any other type of instrument 
that may damage the tube. The eraser 
cushions the blows, preventing damage. 
Tap each component three or four times, 
and if possible, from more than one direc-
tion. A tube, for example, should be tapped 
on the top and around the sides. 

Tapping a good component causes no 
noticeable change in the curve on the 
scope. When an intermittently bad part is 
struck, however, the curve will jump or 

quiver, or oscillations appear. 

This method may be used in the r-f 

section to locate such troubles as a loose 
coil, or in the sound i-f amplifier and dis-

criminator. The video amplifier can be 
checked by setting up the equipment as 

in Fig. 41-76. 

A check for intermittents can be made 
anywhere a waveform can be obtained on 
the scope. This means that by connecting 

an antenna to the set and feeding in a 
TV signal, the scope can be connected at 
the horizontal or vertical output, checking 
the associated sync and deflection cir-
cuits. In this case, of course, the sweep 
generator is not necessary 
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INTRODUCTION 

For the purposes of this Course, inter-
ference is defined as unwanted electrical 
e,nergy in the receiving installation which 
reduces the quality of the picture or sound 
reception. Under this definition, it does 
not matter what the source of the inter-
fering energy is, nor what path it takes in 
entering the receiver; it is still classed 
as interference. The problem of interfer-
ence to good television reception is some-
times troublesome, particularly in densely 
populated areas. This lesson has many 
photographs of different types of inter-
ference. The purpose of these pictures is 
to show what various types of interference 
look like on the kinescope screen so that 
they can be recognized easily, as an aid 
to eliminating the cause of the inter-
ference in the receiver. 

WHERE INTERFERENCE COMES FROM 

42-1. Interference Produced by Tele-
vision Receivers. — Television receivers 
can produce interfering signals of several 
kinds, that can be conducted or radiated 
to other receivers nearby. Such interfering 
signals are usually found to be one or 
more of the following four kinds: radiation 
from the local oscillator in the r-f unit, 
horizontal drive circuit radiation, harmon-
ic radiation from the sound i-f amplifier, 
or radiation from the picture i-f amplifier. 
In some cases only the fundamental oscil-
lator frequency may be responsible for 
the interference; in others, harmonics 
may be to blame. In any case, it is best 
to consider both fundamental and har-
monics when attacking a serious inter-
ference problem. 

Local Oscillator interference. — The 
local oscillator in a television receiver 
may be a frequent source of interference in 
other TV receivers nearby, because of 

the frequency relationship between the 
various television channels. In most 
makes and models, the oscillator operates 
at a fundamental frequency equal to the 
sum of the incoming picture frequency 
and the picture i-f frequency. Thus when 
a set having a 25.75 mc picture i-f fre-
quency is tuned to Channel 2, its local 
oscillator is at 81 mc. If radiation from 
the oscillator reaches nearby receivers 
tuned to Channel 5 in sufficient strength, 
it will cause interference. This kind of 
interference can occur on several other 
channels in a similar way, depending on 
the actual frequencies involved. This, 
and other important frequency relation-
ships affecting television reception and 
interference problems can be seen plotted 
in the frequency spectrum chart of 
Fig. 42-1. 

Complete details of the example given 
above and similar ones are given in Sec-
tion 5 of this Lesson, where methods for 
eliminating their effects are presented. 

Horizontal Deflection Circuit Inter-
ference. — This circuit occasionally 
causes interference in nearby AM broad-
cast receivers, due to the fact that strong 
harmonics of the fundamental 15,750 cps 
deflection frequency are present. Such 
harmonics may be radiated from the chas-
sis, line, or antenna, but more frequently 
are coupled through the power line. Due 
to the considerable power required in 
deflecting large, high voltage kinescopes 
in modern television receivers, the har-
monics are strong enough to cause inter-
ference well up into the broadcast band, 
although they are usually strongest in the 
lower frequency part. They are exact mul-
tiples of the deflection frequency, and 
thus appear spaced every 15.75 kc. When 
a harmonic of suitable frequency reaches 
the affected AM receiver with sufficient 
strength; a clear whistle called a beat or 
heterodyne is produced. This is the ' dif-
ference' frequency between the broadcast 
station tuned in and the deflection circuit 
harmonic. Thus in the New York area, the 
38th harmonic of the deflection circuit 
(567.0 kc) can produce a 3 kc beat in 
nearby AM receivers tuned to WMCA on 
570 kc. 
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Sound I- F Interference.— The sound i-f 
amplifier sometimes causes interference 
in the picture of the same receiver, by 
radiation of harmonics. These are gener-
ated in the last stage or stages of the 
sound i-f amplifier by normal action of 
those circuits, and sometimes get back 
into the front end by radiation or stray 
coupling. If strong enough as compared to 
the picture carrier of the affected channel, 
the harmonic will appear as typical FM 
interference in the picture. As an example, 
a set tuned to Channel 3 may be inter-
fered with by the third harmonic of its 
own 21.25 mc sound i-f, which naturally 
falls at 63.75 mc, well within the picture 
passband for that Channel. The effect 
produced in the picture can be seen in 
Fig. 42-2. 

Fig. 42-2 

Picture I- F Interference. — A similar 
condition exists in the picture i-f ampli-
fier circuit. As in the sound i-f, the de-
sired incoming signal must be amplified 
to a relatively high level, in order to pro-
duce a satisfactory picture. Also, the i-f 
picture carrier must be demodulated by 
the picture detector, and the demodulating 
pro"cess generates harmonics of the pic-
ture i-f. Certain of these harmonics can 
cause interference in the same or nearby 
receivers, on certain channels. The third 
harmonic of the 25.75 mc picture i-f is 
77.25 mc, which falls in the Channel 5 
r-f passband. An example of the effect 
produced in the picture is shown in Fig. 
42-3. In extreme cases, this kind of inter-
ference may affect other nearby receivers 

Fig. 42-3 

tuned to an appropriate channel. 

FM Receiver Local Oscillator Inter-
ference. — The local oscillators of FM 
receivers tuning the standard FM broad-
cast frequencies (88 to 108 mc) some-
times cause interference in television 
receivers. In most such sets, the local 
oscillator operates either 10.7 mc above 
or below the incoming FM signal. Oscil-
lators operating below the signal can 
cause interference in Channels 5 and 6 on 
their fundamental frequency, which falls 
within the r-f passband of the TV receiver 
when tuned to those channels. Oscillators 
operating above the incoming carrier can 
cause interference on Channels 2, 3, and 
4, by image response in the TV receiver. 
In addition, it is possible for the second 
harmonic of FM receiver oscillators to 
cause both direct and image interference 
in TV receivers tuned to Channels 7 to 13 
inclusive. Second harmonic radiation is 
generally much weaker than the fundamen-
tal, and the chance of interference on the 
upper channels is thus smaller than in 
channels affected by the fundamental, but 
the possibility should not be overlooked. 
The frequency chart of Fig. 42-1. will 
make the relationships clearer. 

Communications Transmitters. — There 
are many thousands of radio communica-
tions transmitters of various radio ser-
vices, such as police, taxi, amateur, ship-
shore etc. Harmonics above the carrier 
frequency may be produced occasionally 
in the final amplifier and these may be 
radiated. When the carrier frequency of 
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the station is known, the possible har-
monics that may be causing interference 
can be calculated by simple arithmetic. 
Thus, if a transmitter on 45.98 mc is 
known to cause interference on Channel 4, 
(66-72 mc) the difficulty may be caused 
by radiation of third harmonic of a doubler 
stage driving the final amplifier. Such a 
doubler would be driven by a preceding 
stage on 22.99 mc, whose third harmonic 
would fall at 68.97 mc, well within the 
Channel 4 passband. The actual appear-
ance of such interference would depend 
on whether the responsible stage was 
modulated or not, the strength of the radi-
ation, and similar factors. Two examples 
of such transmitters using frequency mul-
tiplier stages are shown in the block dia-
grams of Fig. 42-4. 

It is worth adding that bad joints in 
conductors such as .water pipes or wire 
fences may occasionally generate har-
monics of a very strong radio frequency, 
and radiate them enough to cause inter-
ference. This sort of harmonic generation 
is most likely to occur near a powerful 
transmitter. 

Interference From Noise Sources. — A 
great number of different kinds of radio 
and electrical devices produce electrical 
disturbances of the kind called noise; 
that is, of a more or less random kind, 
usually mixtures of many frequencies and 
amplitudes. Such noise can cause serious 
interference, particularly with AM trans-
missions such as television picture sig-
nals. Of these noise sources, motor 
vehicle ignition systems are probably the 
most common offenders. However, neon 
signs, cash registers, elevator motors, 
power line insulator leaks, sterilizing 
lamps, arc and fluorescent lighting sys-
tems, and many other devices can also 
cause severe interference under certain 
conditions. Even a television set can 
cause such trouble, if there is a pdint in 
the set where a high voltage arc can 
occur. The interference produced by such 
sources is fairly easy to distinguish from 
those described in earlier paragraphs, 
because of the more random, unsteady 
nature of the picture or sound defect they 
produce. This can be seen in the pictures 

of Fig. 42-5, w hich show such noise inter-
ference. • 

If you know that the noise is from igni-
tion, the next step is to find out how it is 
getting into the receiver. If the antenna is 
fairly near the street level, it may be 
picking up the noise. On the other hand, 
if the antenna is fairly high, chances are 
the transmission line is the cause. It is 
even possible that the powerline is bring-
ing it in, or that it is being picked up on 
the receiver chassis directly, but these 
are less likely examples. You can test to 
see how the noise gets in by disconnect-
ing the transmission line from the receiver 
input terminals. If there is little or no 
change in the noise pattern, go a bit fur-
ther. 

Short (connect) the transmission line 
conductors together, and connect the junc-
tion to some ground, such as a water or 
steam pipe. This will pretty definitely 
eliminate the possibility that the receiver 
end of the line is radiating the noise to 
the receiver chassis. If the noise per-
sists, it must be getting in through the 
power line, or by direct pickup. ( We're 
assuming you already know the receiver 
itself is okay.) If removing the line re-
moves or greatly reduces the noise, maybe 
it is being picked up on the line, in the 
antenna, or in both. The next step is to 
reconnect the line to the receiver in the 
normal way, and disconnect it from the 
antenna, leaving the conductors open cir-
cuited at the antenna end. If the noise is 
about the same, or is reduced only a little, 
it is being picked up in the line. This is 
by far the most common way in which igni-
tion noise gets in when line is used, be-
cause such twin- lead lines are not shield-
ed, and cannot be kept in perfect balance. 

In order to minimize the noise, the re-
medy may be to route the line by another 
path, if the interference is serious enough 
to justify the work. Also, it's worth re-
membering that keeping the line properly 
twisted between standoffs, and well clear 
of conductors helps to minimize noise 
pickup in it. Keeping the horizontal por-
tion of the line as short as possible will 
also help, particularly if that part must 
be near the street, where the noise ori-
ginates. 
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Excessive Signal Strength. — Ordinari-
ly any radio receiver has a limit as to the 
strength of the signals it can receive 
without distortion. Television receivers 
are no exception, and in fact are some-
what more likely to be so affected than 

Ignition Noise 

42-4 
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45.98 MC 
out 

45.98 MC 

final 
amplifier 

ordinary AM radios, because of their 
greater sensitivity and bandwidth. As a 
result, TV receivers located relatively 
near the antenna of a transmitter are fre-
quently troubled by interference, even 
when the transmitter is operating properly. 

Electrical ippliance Interference 

F ig. 42-5 ( Reprinted by permission of Electronics) 
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his can happen even when the assigned 
frequency of the transmitter is nowhere 
near the frequency of the channel to which 
the TV receiver is tuned. 

Cros s-Modulation. — The basic reason 
for this is the same in all cases; exces-
sively strong signals reaching the grid of 
the TV receiver r-f amplifier tube cause 
the stage to operate nonlinearly. When 
this happens, harmonics of the interfering 
signal are generated, and one or more of 
these harmonics of the interfering signal 
may fall within a television channel. Not 
only that, but other signals present at the 
grid of the r-f tube will also be affected, 
by a process called cross-modulation. 
This term refers to the basic phenomenon 
by which two or more sine waves of dif-
fering frequencies applied to a nonlinear 
circuit element combine to produce har-
monics of themselves, and also sum and 
difference frequencies. The frequency 
conversion ( mixer) stage of every super-
heterodyne receiver depends upon this 
principle. 

Cross-modulation a c tu a 11 y occurs 
whenever two or more frequencies are ap-
plied to a nonlinear circuit element, such 
as a rectifier, or an overdriven amplifier 
stage. It does not always cause notice-
able interference, however, because the 
resulting harmonics and sum and differ-
ence frequencies may not fall within the 
band that can be passed by the following 
stages of the receiver, or they may be so 
weak compared to the desired signal that 
they produce no visible or audible effeci 
in the receiver output. The exact result 
varies greatly from case to case, and 
depends on the design of the receiver 
input, and the strengths of the signals 
involved. One aspect of the effect is 
likely to be confusing, if it is not under-
stood. 

Only one signal of the many reaching 
the input grid need be excessively strong 
in order for cross-modulation to occur. 
Furthermore, the excessively strong sig-
nal may appear in the receiver only as a 
cross-modulation product with certain 
other signals, and not directly by itself. 
The nonlinear operation produced in the 
r-f amplifier by such an excessive signal 
may cause other signals of normal strength 

to cross- modulate each other, with the 
result that some combination of their sum 
or difference frequencies may fall within 
the picture or sound i-f passband. 

When this happens, it is possible to 
suspect the wrong signal of causing the 
difficulty. As an example, consider the 
case of a receiver located very near a 
powerful shortwave broadcasting station 
transmitting on an assigned frequency of 
15.34 mc. The fundamental signal from 
this station is so strong that it causes 
cross- modulation in the receiver r-f stage. 
One of the products of this cross-modu-
lation is the fourth harmonic of the short-
wave station, 61.36 mc, which is in 
Channel 3, only 0.11 mc away from the 
Channel 3 61.25 mc picture carrier. Sup-
pose the Channel 5 television picture 
carrier is also strong. The difference 
frequency between it and the shortwave 
station is 61.91 mc, also well within the 
Channel 3 passband. It is quite likely 
that Channel 5 will appear on Channel 3, 
along with various other picture defects. 

Cross-modulation interference derives 
its name from the fact that the modulation, 
usually picture modulation, of one chan-
nel appears on anotherchannel. It has the 
same visual symptoms as adjacent chan-
nel interference. Sometimes it appears as 
a c-w beat, line pattern. Sometimes the 
horizontal blanking bar of one station is 
superimposed over the picture of another 
station. The bar moves across the screen 
like a windshield wiper. It may also be 
possible to distinguish the entire picture 
of one station superimposed over that of 
another station, as illustrated in Fig. 
4 2-6. One of the pictures will be out of 
sync and therefore in continuous motion. 

Problems of the kind involving more 
than one signal can be complicated be-
cause of the number of sum and difference 
frequencies and harinonics involved. In 
most cases, however, the presence of at 
least one very strong signal is likely, and 
should be investigated. Fortunately, trou-
ble of this sort is almost always confined 
to small areas, surrounding a powerful 
transmitter, or in the radiated beam of a 
directional antenna fed by such a 
transmitter. 

One form of cross-modulation interfer-
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Fig. 42-6 

ence merits separate consideration. This 
occurs when the television receiver is so 
near one or more television transmitters 
that it receives an excessive signal on 
one channel, even when tuned to some 
other- channel. This is illustrated in 
Fig. 42-6. This is sometimes the case 
where some receivers are located near 
a television transmitting antenna. In 
this case, no additional strong signal is 
involved. The cause can usually be iden-
tified by switching the receiver to an un-
occupied channel adjacent to the channel 
of the station suspected of causing the 
difficulty. When this is done, the suspect-
ed station's picture can usually be seen 
fairly well. 

Double conversion. — If the signal 
from the local oscillator of the TV receiv-
er can reach the grid of the r-f amplifier 
tube with considerable strength, the 
effect known as double conversion can 
occur. 

This happens because even a good r-f 
amplifier stage may be slightly nonlinear 
under certain conditions, enough in fact 
to permit some cross-modulation of incom-
ing signals to take place. If signal from 
the local oscillator reaches the r-f stage 
grid in sufficient strength,it can cross-
modulate with an incoming signal at that 
point. As explained earlier, this cross-
modulation process is the same as the 
frequency-converting process that takes 
place in a regular mixer stage. When the 
local oscillator signal is cross-modulating 
with an incoming signal in the r-f stage 

as described above, the set has,in effect, 
two converter stages. This double conver-
sion process can cause interference 
treuble where the signals are strong 
enough, and the frequency relationships 
are correct. 

For example, where Channels 5 and 7 
are active, sets tuned to Channel 5 may 
be interfered with by Channel 7 sound in 
the picture, if the Channel 7 signal is 
fairly strong compared to Channel 5. This 
happens as follows: When the set is tuned 
to Channel 5, the local oscillator is oper-
ating at 103 mc. This signal combines 
with the 179.75 mc Channel 7 sound sig-
nal in the r-f stage, and produces sum and 
difference frequencies of 282.75 mc and 
76.75 mc, which are passed on to the con-
verter stage. The 282.75 mc sum frequency 
is far outside the passband of the con-
verter stage,, and is bypassed to ground, 
but the 76.75 difference frequency is 
within the passband, since the stage is 
actually tuned to Channel 5, and thus 
reaches the grid of the converter. Here it 
combines with the 103 mc oscillator sig-
nal again, producing sum and difference 
frequencies of 179.25 mc and 26.25 mc. 
The higher frequency is outside the pic-
ture i-f passband, but 26.25 mc is within 
the passband, and shows up as an FM 
signal in the picture. 

FM Image Interference. — Image inter-
ference can occur because there are 
actually two frequencies that can be com-
bined with the local oscillator frequency 
of a superheterodyne receiver to produce 
the intermediate frequency; one above, 
and one below the local oscillator fre-
quency. Thus in a receiver with a 25.75 
mc picture i-f, a signal 25.75 mc above or 
below the frequency of the local oscillator 
will produce a difference frequency that 
will fall in the i-f channel. If the receiver 
is tuned to receive TV Channel 2, the, 
local oscillator will be on 81 mc, and an, 
FM station on 106.7 mc will produce an 
interfering signal at 25.7 mc, if it reaches 
the mixer stage of the TV receiver at suf-
ficient strength.Even though the r-f stage 
selectivity and the FM trap act to greatly 
reduce the strength of the FM signal 
reaching the mixer stage, interference 
can still occur when the receiver is near 
the FM transmitting antenna. 
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Diathermy Interference. — Diathermy 
is a treatment used by many doctors and 
hospitals. Essentially, it is a way of 
increasing the temperature of a part of 
the body by application of a radio fre-
quency electric field. The apparatus used 
for generating the necessary r-f field is 
actually very similar to a crude radio 
transmitter, and usually consists of a 
push-pull oscillator capable of generating 
r-f power up to perhaps 500 xatts or so. 
The frequencies assigned by the FCC for 
diathermy equipment are in bands as 
follows: 

13.553 mc to 13.566 mc center frequency 13.560 mc 

26.957 to 27.282 " 27.120 

40.659 to 40.700 40.680 

These frequency assignments were 
only placed in effect on July 1st, 1952, 
however, and some diathermy equipment 
made before that operated on somewhat 
different frequencies, near, but not neces-
sarily in the bands listed above. All dia-
thermy equipment actually used after 
1 July 1952 is required by FCC regula-
tions to stay within the frequency bands 
stated above. In addition, requirements as 
to filtering and suppression of harmonics 
and radiation are more rigid. Even so, it 
is certain that some interference will 
still be caused by diathermy equipment. 
Unfortunately, many doctors have offices 
in residential buildings where there are 
many television receivers close at hand. 
When treatments are being given, it is 
very likely that there will be some radia-
tion of at least the fundamental frequency 
of the diathermy energy. This can gener-
ate harmonics in TV set r-f amplifier as 
explained under cross- modulation above, 
and one of the harmonics may fall within 
the passband. Where this is the case, 
complete elimination of the interference 
may be very difficult. A typical case of 
diathermy interference is shown in Fig. 
42-7. 

The equipment used for r-f heating in 
many industrial processes is very similar 
to diathermy apparatus, but operates on 
different assigned frequencies. It is usu-
ally much more powerful than even the 
largest diathermy set, and may actually 
range up to 100 kilowatts, or more. Such 
equipment is almost invariably located in 

Fig. 42-7 

industrial areas, however, where there 
are relatively few TV receivers near it. 
Also, the assigned frequencies ( 13.56, 
27.12, and 40.68 mc) are relatively far 
removed from the television channels, 
and most such equipment is rather care-
fully designed to reduce radiation to a 
minimum, as such radiation is merely 
waste, so far as the purpose of the equip-
ment is concerned. As a result, interfer-
ence from such r-f heating equipment is 
seldom serious. 

Aircraft marker beacons. In regions 
near airports, marker beacons operating 
on 75 mc sometimes cause interference in 
nearby television receivers. This source 
of interference is not very common, but 
should not be forgotten when the receiver 
in question is near an airport. 

Co-channel interference. Due to the 
limited number of television channels 
available, the same channel is frequently 
assigned to stations separated by 150 
miles or more. This is normally possible 
because radio transmission at frequencies 
above 30 mc are not effectively reflected 
by the ionesphere,and do not bend around 
the curvature of the earth's surface enough 
to be received much behond the horizon, 
as seen from the transmitting antenna. In 
exceptional locations, however, and under 
certain atmospheric conditions, two sta-
tions on the same assigned channel may 
interfere. The trouble is usually easy to 
identify, and can frequently be cured by 
careful orientation of a directional anten-
na. The amount of interference from this 
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source often varies considerably with 
propagation conditions, particularly when 
both stations are fairly distant from the 
receiver. An example of the effect in the 
picture is shown in Fig. 42-8. 

Fig. 42-8 

Propagation Effects. — The way in 
which the picture and sound signals are 
propagated from the transmitter to the 
receiver can frequently result in picture 
or sound defects. Most defects of this sort 
occur because the signals arrive at the 
receiving antenna by two or more paths, 
instead of one. In the case of the picture 
signal, multipath reception of the sort 
described result in the familiar ghost 
images. 

In the case of the FM sound signal, 
multipath reception can produce serious 
distortion, even when sound and picture 
signals are of better than average 
strength. In cases where multipath sound 
distortion occurs, it is common to find 
that careful adjustment of the fine tuning 
will disclose one setting where sound 
quality is fairly good. This adjustment is 
usually so critical that the slightest drift 
in tuning brings back the distortion. As a 
result, customers are likely to blame the 
receiver, unless the true cause can be de-
monstrated to their. Sound distortion due 
to multipath reception results from the 
same kind of reflection phenomenon that 
causes ghost images, but is less common. 

The exact way in which the direct and 
reflected signals combine in the receiver 
is rather complex, because the frequency 

of the FM carrier changes rapidly during 
modulation. For practical purposes, it 
can be thought of as due to the phase 
difference between the direct and reflect-
ed signal at the receiving antenna. For a 
steady carrier, this phase difference 
would be constant, but when the FM car-
rier frequency changes with modulation, 
the phase difference between the direct 
and reflected wave also changes, so that 
at certain instants in the modulation 
cycle, the waves tend to cancel, and at 
other instants to reinforce each other. It 
is this phenomenon that is mainly respon-
sible for the distortion. 

In attempting to minimize multipath 
sound distortion, the exact phase relation-
ship between direct and reflected waves 
seems to be somewhat more important 
than the amplitude relationship. As a re-
sult, moving the antenna horizontally or 
vertically a few inches or feet is frequent-
ly more effective in reducing the trouble 
than reorienting the antenna without 
changing the actual location. 

Miscellaneous interference sources. — 
Several other causes of interference are 
known, which give trouble only rarely. 
Among these are such things as defective 
power line insulators, radio operated door-. 
opening devices, sterilizing lamps, ozone 
generators, and similar devices. The radi-
ation from such devices usually produces 
noise interference patterns in the picture, 
often with a strong 60 or 120-cycle com-
ponent that will produce a horizontal bar 
or bars in the picture. The pictures of 
Fig. 42-5 are typical. 

It is not practicable to try to list all 
the radio and electrical devices that can 
cause occasional interference, as new 
ones are being developed and marketed 
almost daily. As a result, it is necessary 
to consider the possibility of some un-
familiar de vice as the interference source, 
when tests for the more common causes 
fail to solve a particular problem. Among 
these are ordinary incandescent lamps, 
particularly very old-style bulbs, various 
small electrically operated hand and 
power tools and appliances, electric heat-
ing pad and blanket thermostat controls, 
liquid level gauges, etc. In general,in-
terference from such sources looks like 
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the examples of Fig. 16-5, the 60 and 
120-cycle bars being common. 

HOW INTERFERENCE ENTERS THE RECEIVER 

42-2. Interfering electrical energy can 
enter the receiver by several paths, and 
in the case of extremely strong interfer-
ence, is usually found to be entering by 
more than one path at a time. In order to 
reduce or eliminate the interference ef-
fècts in picture or sound, it is necessary 
either to block the path or paths by which 
it enters, or stop it at the source. Since 
in most cases, the receiver is far more 
accessible to work on than the source of 
the interference, it is usually more prac-
tical to try blocking the entrance paths 
than to stop the interference at the device 
producing it. Obviously then, it is essen-
tial to know by what paths the interfering 
signal is entering, as well as effective 
methods for protecting each path from the 
interference involved. 

Interference Within The Receiver R-F 
Passband. — In order to provide satisfac-
tory reception, the r-f stage bandwidth of 
the receiver should be about 6 mc. This 
relatively wide passband as compared to 
AM and FM broadcast receivers offers a 
rather large target for interference. Obvi-
ously any signal on a frequency within 
the passband of the r-f amplifier will be 
amplified along with the desired signal, 
so the amount of interference caused will 
depend almost entirely on the relative 
amplitudes of the picture and sound tele-
vision carriers and the interfering signal. 

Consider, for example, the case of a 
television receiver tuned to Channel 3. 
The r-f stage will accept and amplify 
signals of any frequency between 60 and 
66mc with reasonable efficiency.A short-
wave broadcasting station on 15.150 mc 
may radiate only a very small amount of 
fourth harmonic energy on 60.6 mc, but 
may nevertheless cause interference, 
because this radiation falls within the 
passband of the receiver. Such fourth 
harmonic interference may occur because 
it is generated and radiated from the 
transmitter, by external cross-modulation, 
or in the receiver input stage. Whatever 

the cause, the interfering signal is within 
the receiver passband when it is tuned to 
that channel, and can produce interfer-
ence if it is strong enough in proportion 
to the desired signal. Study of the fre-
quency spectrum chart of Fig. 42-1 will 
reveal many authorized radio services 
whose harmonics fall within the televi-
sion channels. These must be considered 
when the tests described in Section 42-5 
show that the interference frequency lies 
within the passband of the channel con-
cerned. It is also important to remember 
that sometimes devices not meant to gen-
erate r-f energy may accidentally produce 
some frequency components that fall 
within the r-f passband. 

Interference Within The I-F Passband. 
— Direct interference on any frequency 
within the passband of the pictufe or 
sound i-f amplifiers of the receiver is 
also possible, although not as common as 
interference in the set's r-f passband.Sig-
nal may be picked up on the i-f wiring, or 
the chassis. rich extremely strohg inter-
fering signals, however, it is possible for 
some of the interference to pass through 
the r-f and mixer stages, particularly 
when the set is tuned to a low channel. 
When the interference is entering by di-
rect pickup on the i-f wiring, switching to 
another channel may or may not make a 
change in the relative intensity of the 
interference. The number of interference 
lines or bars seen on the screen will not 
change, however, unless the frequency 
of the interfering signal changes. This is 
true becauSe in this case, the number of 
lines depends on the frequency relation-
ship between the interference and the 
horizontal sweep frequency, which is the 
same on any channel. 

Direct pickup of i-f interference by the 
chassis and wiring is not g enerallytrouble-
some, although direct pickup by the chas-
sis of r-f interference is troublesome, es-
pecially in the case ot radiation from the 
local oscillator of another television re-
ceiver. Interfering signals at the interme-
diate frequencies entering the receiver 
through the front end are minimized by the 
use of an antenna input filter that has 
maximum attenuation at the receiver's i-f. 
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In addition, the sound traps in the picture 
i-f circuits reject any signals at the sound 
i-f removing these from the picture cir-
cuits. In the sound i-f circuits, AM inter-
ference at the intermediate frequencies is 
not so effective because the FM sound 
circuits reject amplitude modulation. 

To determine whether the interference is 
an i-f, r-f, or image frequency, note the 
effect of the receiver fine tuning control on 
the number of interference lines in the 
picture and observe the number of channels 
on which the interference is present. If the 
number of lines in the beat pattern changes 
when the fine tuning control is adjusted, 
and the interference appears on several 
stations, the interfering signal is in or close 
to the i-f band of the receiver. 

Removing the oscillator tube will not 
make it possible to distinguish r-f inter-
ference from i-f interference when the 
kinescope is used as the indicating device. 

Disabling the local oscillator will remove 
the picture i-f carrier that beats with i-f 
interference, resulting in no interference 
beat or lines in the picture. 

Interference Outside The Receiver 
Passband. — It might seem at first thought 
that electrical energy on frequencies out-
side the r-f and i-f passbands could not 
cause interference. When the strength of 
such electrical disturbances is compara-
ble to the strength of the television sig-
nals, there is actually not much likelihood 
of interference, excepting for the special 
case of image interference. Even for 
image interference, little trouble is likely 
unless the image signal is at least twice 
as strong as the desired television signal 
at the receiver input. It is true that when 
the image signal is many times stronger 
than the desired signal, there may be 
interference, even in the later receiver 
models. The reason for this is taken up 
in an appropriate paragraph below. 

Unfortunately, this is not the whole 
story regarding interference by radio 
energy on frequencies outside the normal 
passband of the receiver. There are many 
radio and electrical devices today that 
can and do produce disturbances that are 
hundreds or thousands of times as strong 

as the desired television signal, when 
they are relatively near, and the TV sta-
tion is fairly distant. Such radio disturb-
ances may not themselves fall within the 
receiver passband, yet may cause inter-
ference by generating new frequencies 
that are within the passband. Such new 
frequencies are produced by nonlinear 
action of some stage in the receiver, due 
to the excessive strength of the interfer-
ing disturbance. 

Image Frequency Interference.— In any 
superheterodyne receiver, the correct in-
termediate frequency can be produced by 
a signal on either one of two frequencies, 
one above and one below the oscillator 
frequency by the amount of the i-f fre-
quency. In TV receivers, the frequency 
below the oscillator is usually the de-
sired signal frequency. This leaves the 
frequency at an equal difference above 
the oscillator as the " image" frequency. 
Since signals on this image frequency 
can also produce the correct i-f, they may 
cause interference, if they are sufficient-
ly strong as compared to the desired 
signal at the mixer signal grid. 

As an example, consider a television 
receiver in which the i-f picture carrier is 
25.75 mc. To receive Channel 2 picture 
carrier ( 55.25 mc), the oscillator must 
operate at 81 mc ( 55.25 mc plus 25.75 mc). 
However, any signal on 106.75 mc will 
also produce a 25.75 mc difference fre-
quency, if it reaches the mixer grid. And 
if this signal is sufficiently strong as 
compared to the desired signal at the 
same point, it will cause interference. 
The only practical way to minimize such 
image interference is to design the re-
ceiver so that circuits preceding the 
mixer grid have greater response to the 
desired signal than they do to the image 
frequency signal. 

This is done with tuned circuits. The 
band of frequencies these tuned circuits 
preceding the mixer grid are meant to 
admit is called the r-f passband, and in 
practical superheterodyne receivers, the 
image frequency band is always outside 
the r-f passband. The degree to which 
the receiver can discriminate in favor of 
the desired signal is controlled by the 
selectivity of the tuned circuits, their 
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number, and the percentage frequency 
separation between the r-f passband and 
the image band which depends on the i-f 
of the receiver. This latter point is im-
portant, because of the way the response 
of tuned circuits varies with frequency. 
The effect can be understood by studying 
the curves of Fig. 42-9, showing a typical 
r-f tuned circuit response curve, and the 
use of two different intermediate 
frequencies. 

In a, the frequency of the desired 
signal is 61.25 mc, and the oscillator fre-
quency is 87 mc, making the i-f 25.75 mc, 
and the image frequency 112.75 mc. The 
image frequency is twice the i-f away 
from the desired signal, a frequency sep-
aration of 51.5 mc, or 84 percent of the 
desired signal in this case. The response 
of the r-f tuned circuits at the image fre-
quency is far below the response at the 
frequency of the desired signal, although 
it is not zero. Now consider b, in which 
the same r-f circuit response curve is 
shown, but with a higher intermediate fre-
quency. Here the oscillator is at 107 mc, 
making the i-f 45.75 mc. Again, the image 

image band 

image interference 
152.25 MC 

160 frequency—,... 

is double the i-f above the desired signal, 
placing it at 152.75 mc, which is 249 per-
cent of the desired signal frequency. It 
can be seen from the curve that the re-
sponse at this frequency is considerably 
less than at the 112.75 mc image fre-
quency shown in a. From this it is clear 
that, for the same r-f tuned circuits, a 
higher i-f gives better réjection of image 
frequency interference. It can also be 
seen, however, that while the response at 
image frequency is much lower, it is still 
not zero, and therefore image interference 
can occur, even though it is outside the 
r-f passband. 

Double Conversion. — The process by 
which double conversion of a television 
signal can cause interference trouble was 
discussed in Section 42-1. It is possible 
for other r-f signals to cause interference 
in the same way, when the frequency rela-
tionships are correct. Thus a transmitter 
on an assigned frequency of 161.01 mc 
could interfere with a television receiver 
tuned to Channel 4, as follows: The 
161.01 mc carrier combines with the 93 mc 
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local oscillator signal in the TV r-f stage, 
producing a difference frequency of 68.01 
mc. This is converted again in the mixer 
to a difference frequency of 25.99 mc, and 
the resulting 0.24 mc beat between this 
signal and the Channel 4 picture i-f sig-
nal ( 25.75 mc) appears as typical r-f in-
terference lines in the picture. 

Cross-Modulation. — Signals normally 
outside the r-f or i-f passband of the re-
ceiver can also interfere, as noted in 
Section 42-1, where the process by which 
such interference occurs was discussed. 
The end result of the cross-modulation 
process is that one or more of the sum, 
difference, or harmonic frequencies pro-
duced falls inside the passband. This can 
occur even when no one of the signals 
present actually is within the passband 
itself. Because of this, it is necessary to 
consider all the simpler arithmetical com-
binations of the frequencies involved in 
the action when trying to analyze the 
problem. In most cases, the problem can 
only be solved by determining which path 
the overly strong signal causing the 
cross-modulation follows in reaching the 
affected stage, which is usually the r-f 
amplifier. When the path of entry has 
been found, the strong signal can usually 
be reduced or eliminated by a suitable 
trap, thus ending the trouble. 

External Cross-Modulation. — It is pos-
siblé under certain circumstances for 
cross-modulation to occur outside the 
receiver, in wiring or other electrically 
conductive structures not ordinarily 
thought of as capable of causing interfer-
ence. All conductive structures above 
the ground surface can pick up r-f energy, 
and when the conduction within the object 
is nonlinear, harmonics and cross-modu-
lation can occur. If the signals are suffi-
ciently strong, and the object concerned 
is a .fairly efficient radiator, the new fre-
quencies generated can cause interference 
in nearby receivers, even though none of 
the original signals concerned does so. 
Such external cross-modulation causes 
trouble most frequently in areas very near 
a powerful source of r-f energy, such as 
a transmitting antenna. It also occurs 
occasionally in structures that can inter-
cept an unusually large amount of the 

various radio signals present at their 
location, such as a large outside antenna 
for an AM broadcast receiver. In every 
case, there must not only be an electrical 
conductor of some sort to intercept the 
various signals, but it must conduct non-
linearly. The nonlinear conduction in 
most structures such as wire clothes 
lines, broadcast antennas, wire fences 
and the like, usually occurs in joints 
made by twisting or clamping separate 
pieces together, without soldering or 
weather protection. Such joints become 
corroded in time by normal weather ef-
fects, and then act as a fairly efficient 
metallic oxide rectifier. 

Noise Interference. — Electrical noise 
interference may actually be within the 
passband of the receiver, or may be con-
verted in frequency so as to appear within 
the passliand as a result of cross-modula-
tion or double conversion. Noise is usu-
ally a fairly random mixture of different 
frequencies and amplitudes, with a few 
frequencies of relatively large amplitude 
compared to the rest. Because of the 
relatively wide band of frequencies in-
volved, the chance that some noise will 
appear within the passband is consider-
ably greater than with most other types of 
interfering signal. Anything that will 
make the desired signals stronger com-
pared to the noise will be helpful, and 
this is frequently easier to do than to 
remove the noise by filters at the source. 
Simple traps are essentially narrow- band 
devices, and thus are not able to remove 
more than a narrow slice of an interfering 
broad- band noise. 

WHAT INTERFERENCE LOOKS AND SOUNDS 

LI KE 

42-3. Lines In Picture. — Alternating 
light and dark lines in the picture are the 
result of interference from a continuous-
wave (CW) r-f signal. If the interfering 
signal is modulated, the pattern of the 
lines will change with the modulation, in 
ways that are explained later in this 
section. Some typical examples of the 
effect of steady r-f signal interference 
are shown in Figure 42-10. The actual 
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Fig. 42-10 

line pattern seen in a particular case may 
differ in three ways: the number of lines 
appearing, the contrast range between 
light and dark lines, and the angle at 
which the lines cross the screen. 

Number of Lines. The actual number 
of lines seen on the kinescope depends 
on the frequency difference between the 

the picture carrier and the interfering 
signal. Thus if the receiver is tuned to 
Channel 2 ( picture carrier 55.25 mc), and 
the interfering signal is at 56.25 mc, the 
1 mc frequency difference will produce 
about 50 lines in the picture. This comes 
about as follows. Both picture carrier 
and interference pass through the r-f stage 
and mix with the 81 mc local oscillator 
signal in the converter stage. The differ-
ence frequencies of 25.75 mc (i-f picture 
carrier) and 24.75 mc (i-f from interfer-
ence) are applied to the picture i-f ampli-
fier, and reach the detector. Here the sum 
and difference frequencies of the picture 

carrier and interference are produced by 
the normal action of that stage; and 
passed on to the video amplifier. The sum 
frequency ( 50.5 mc) is bypassed to ground 
by the video amplifier, but the 1 mc differ-
ence frequency is within the video pass-
band, and appears at the kinescope grid 
as a signal. This signal swings the kine-
scope grid voltage alternately above and 
below the instantaneous level due to the 
picture information, at the 1 mc frequ.ency. 

Allowing for the sma.11 amount the pic-
ture overlaps the mask at the sides, it 
takes the scanning spot about 50 micro-
seconds to cross the visible part of the 
screen. Since one cycle of the 1 mc inter-
fering signal occurs in one microsecond, 
about 50 complete cycles will show, 
counting directly across the screen. One 
light and one dark line of the interference 
pattern represents one complete cycle. 

Angle of Lines. — The angle of the 
lines across the screen is determined by 
the phase relationship between the inter-
fering signal and the horizontal sweep. 
Thus when the interference- frequency is 
an exact multiple of the sweep frequency, 
the phase relationship will be constant, 
and the lines will be vertical. If the inter-
ference frequency is not an exact multiple 
of the 15,750 cps sweep, the lines will 
slant one way or the other, the direction 
and angle depending on the amount of 
phase change between lines. 

FM Effects. — When the interfering 
signal is frequency modulated, some in-
terference may or may not show up in the 
sound output. This depends upon the 
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strength and frequency of the interfering 
signal, and the character of the modula-
tion. The effect produced in the picture 
is to scramble the regular steady line 
pattern into a rapidly varying pattern that 
changes with the modulation, or to pro-
duce a pattern with striations. An exam-
ple of what such scrambled lines look 
like at a given instant is shown in 
Fig. 42-11. 

Fig. 42-11 

If the modulation can be heard in the 
sound output, its sound will frequently 
aid in determining what the source of the 
interference is. Thus when the internr-
ence is from the image of an FM broad-
cast station, the program material and 
station announcements will serve to 
identify it. 

AM Effects. — An interfering signal 
that is amplitude modulated produces a 
different effect on the appearance of the 
bars. In this case the number and slope 
of the bars will not change unless there 
is some frequency modulation also occur-
ring. The intensity and contrast of the 
bars will change, increasing and decreas-
ing with peaks of the AM modulation. 
This causes the overall light output from 
the screen to increase and decrease 
rapidly in a sort of flashing effect, par-
ticularly when the interfering signal is 
being modulated by speech. 

It also frequently happens that some 
of the modulation may be heard in the 
sound output, even though the receiver 
.sound detector tends to reject amplitude 

modulation. This can happen when the 
interfering signal is very strong, because 
of overloading and cross- modulation ef-
fects in the receiver. As in the case of 
FM sound interference, listening to the 
program material often aids in identifying 
the cause of the interference. 

Negative Picture. — The negative pic-
ture effect is a condition in which the 
contrast values of the picture are re-
versed, so that dark or black areas appear 
as shades of gray, and light or white 
areas appear dark or black. The retrace 
lines may also be visible. A typical ex-
ample of negative picture is shown in 
Fig. 42-12, with a normal picture for 
comparison. 

Fig. 42-12 

Negative picture can be caused by 
continuous-wave r-f interference of the 
same sort that produces the line patterns 
discussed previously. The difference in 
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appearance is caused by a difference in 
frequency and strength of the interference, 
rather than by any difference in its nature. 
When the frequency difference between 
the picture carrier and the interference is 
relatively large, say 3 mc or 4 mc, the 
alternate light and dark lines of the beat 
frequency pattern become so narrow that 
they approach the size of an element of 
picture information. As a result, the line 
pattern becomes indistinct, and from a 
little distance may be practically invis-
ible. If the interfering signal is fairly 
strong, say half as strong as the televi-
sion carrier, the normally black areas of 
the picture will begin to show some gray 
tone, and the brightest areas will darken. 
The cause of this is shown in the wave 
diagrams of Fig. 42-13. 
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equalling picture carrier 

Fig. 42-13 

In a, the normal picture carrier level 
when scanning a black area followed by a 
white area is shown. While scanning the 
black area, the picture carrier amplitude 
reaches the black level, which practically 
cuts off the kinescope beam in the receiv-
er, so no light is produced in the area of 
the screen being scanned at that instant. 
In scanning the following white area, the 
carrier level goes down practically to 
zero amplitude, the beam current in the 

kinescope reaches its maximum value, 
and the screen produces maximum light 
output. 

Now consider the condition shown in 
b, where the interfering signal is added, 
beginning with the black area. Since the 
interference differs in frequency from the 
picture carrier, it will alternately rein-
force and oppose the carrier as the two 
signals go in and out of phase with each 
other. During instants when the interfer-
ence is reinforcing (in phase with)the 
carrier, the total signal level exceeds the 
black level. But since the beam is cut off 
when the carrier reaches black level any-
how, the appearance of the spot being 
scanned will not change. In other words, 
it cannot become blacker than black. 
During instants when the interference 
opposes (is out of phase with) the carrier, 
the total signal amplitude is reduced be-
low the black level, and the kinescope 
screen shows a tone of gray, in an area 
of the picture that should be black. Since 
these areas are very close together when 
the beat frequency is relatively high 
(3 mc or 4 mc), the whole black area looks 
gray from a normal viewing distance. 

During scanning of the following white 
area, there is practically no picture car-
rier amplitude to beat with the interfer-
ence. The result is that the total signal 
corresponds almost exactly to the value 
of the interfering signal, instead of to the 
almost zero level of the picture carrier. 
This causes the white area to be reduced 
in intensity to a weaker shade of gray. 

In c, where the interfering signal is 
stronger than in b, the total signal 
amplitude goes to zero during instants 
when the interference is out of phase with 
the carrier, and far above the black level 
when in phase with it. As a result, the 
dark area will be still lighter than for the 
condition shown in b. The following 
light area on the other hand appears dark 
on the kinescope, because the interfering 
signal is strong enough to practically 
reach the black level. 

If the interfering signal becomes very 
much stronger than the picture carrier, 
say several times as strong, the kine-
scope may be completely blanked out. 
This can happen even when the picture 
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Fig. 42-14 

carrier itself is of better than average 
strength. One reason for this is that the 
interference source may be very much 
nearer the receiver. Another contributing 
factor is that when the set is correctly 
tuned, the picture carrier is about half-
way down the slope of the i-f response 
curve, while the interference may be in 
the maximum response part of the i-f 
pass band. 

Windshield Wiper Effect. — When the 
signal from a television transmitter on a 
channel adjacent to the one to which the 
receiver is tuned is very strong, the wind-
shield wiper effect may be produced. A 
poorly aligned receiver is more likely to 
be troubled by this sort of adjacent chan-
nel interference, because the reduced 
selectivity permits the interfering carrier 
to reach the picture detector and succeed-
ing stages at considerable strength, as 
compared to the carrier of the desired 
station. The result is that the blanking 
bar of the interfering station appears in 
the picture, often moving across the 
picture in a rhythmic way that resembles 
the action of a windshield wiper. The 
effect is shown in Fig. 42-14 by two 
photographs made with a slight time inter-
val. 

The cause of this action requires some 
discussion. The direct beat frequency 
between the picture carriers of adjacent 
channel stations is 6 mc, much too high 
to pass through the video amplifier and 
reach the kinescope grid. Some of the 
sideband frequencies produced by the 

modulation on the carrier of the adjacent 
channel station may get through the re-
ceiver, however, particularly if the adja-
cent channel signal is strong, and the 
receiver alignment is not perfect, as 
noted above. The blanking bar is one of 
the strongest components of the modula-
tion in a television carrier signal, and 
because of its strength, is usually the 
most prominent characteristic of the 
adjacent channel interfering signal to 
show in the picture. 

It appears in the picture area, rather 
than off the screen to the right as does 
the blanking bar of the desired station, 
because the distance between transmit-
ting and receiving antenna is not the 
same for both stations. The motion of the 
bar (when it occurs) is due to the fact 
that both stations are not operating from 
the same 60-cycle a-c supply line, and 
any lack of perfect synchronism between 
the two power line frequencies, while 
small, will show up as motion of the 
interfering station blanking bar. 

Diathermy. — The characteristics of 
the r-f waves radiated by diathermy equip-
ment are such that it is rather easy to 
identify interference from this source by 
the effects in the picture. Figure 42-15 
shows some typical results, which illus-
trate this point. Essentially, diathermy 
radiation is continuous-wave r-f, with 
strong 60 or 120-cycle modulation. The 
frequency of the radiation will be varied 
somewhat by the changing load on the 
equipment as the application electrodes 
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Fig. 42-15 

and their leads are moved about, or as 
the patient moves. This shows up in the 
interference as some incidental frequency 
modulation, and helps to identify the 
source. 

It is true that some r-f heating equip-
ment used in manufacturing processes 
also produces similar interference pat-
terns in the picture, but it is usually 
possible to differentiate between the two 
sources by other characteristics, such as 
the location (near a doctor's office, a 
factory, etc.), or the more rhythmic duty 
cycle of factory production machinery. In 
either case, however, the pronounced 60 
or 120-cycle bars across the picture, 
coupled with the typical r-f line pattern, 
are usually enough to rule out other 
sources. 

FM Signal Interference. — The appear-

ance of this type of interference has cer-
tain characteristics that make it relative-
ly easy to identify. These can be seen in 
Fig. 42-16, which includes typical 
examples. The frequency modulated signal 
is an r-f carrier wave that does not vary 
in amplitude, but does change in frè-
quency, in a way controlled by the modu-
lating signal. When an interfering FM 
carrier is not being modulated, such as 
during instants between spoken sen-
tences, the carrier frequency remains 
steady, and the interference pattern pro-
duced will be the same as that of any 
other continuous-wave interference; a 
number of light and dark lines across the 
screen. When modulation is applied, the 
rapid variations in carrier frequency cause 
the line pattern to be scrambled, and to 
vary rapidly from instant to instant. Some 
of the modulation may also be heard in 

Fig. 42-16 
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the loudspeaker, but this is not always 
the case. 

Barkhausen Oscillation. — The cause 
of this annoying type of interference has 
been discussed in Lesson 37, which 
deals with the action of the deflection 
circuits. It appears in the picture as a 
rather ragged dark vertical bar or bars 
near the left edge of the picture,as shown 
in Fig. 42-17. 

F ig. 42-17 

This type of interference is not as 
common as formerly, due to some improve-
ments in deflection circuits and vacuum 
tubes, but it still may show up in an 
occasional set. Receivers using the 
built-in antenna, or an indoor antenna 
located rather near the set are more likely 
to be troubled, since the oscillation may 
be picked up rather strongly in the antenna 
in such cases. In general, Barkhausen 
interference is attacked by trying to stop 
the oscillation by changing tubes in the 
horizontal deflection output socket, by 
the use of a small magnet near the hori-
zontal output tube, and by relocating the 
antenna, when it is very near the chassis, 
as described above. 

Noise. — The patterns produced in the 
kinescope by noise interference show 
more variation than those due to most 
other sources, but do have some charac-
teristics that aid in identification. Noise 
consisting of a rapid succession of short, 
sharp pulses of r-f energy produce short 
light or dark streaks along individual 

lines of the picture, as shown in 
Fig. 42-18. 

Fig. 42-18 

),Maglibee 

Motor vehicle ignition systems are by 
far the most common source of such inter-
ference, and the appearance of the streaks 
can often be correlated with the sound of 
the vehicle for positive identification. 
Reduction of this type of interference is 
often much more difficult than identifying 
it, since it often requires relocating the 
antenna and/or transmission line, use of 
a shielded line, and similar measures. 

Noise generated by neon or fluorescent 
lighting fixtures is fairly common in loca-
tions near large installations such as 
outdoor signs or factory lighting systems. 
It can usually be identified by the fact 
that it comes on coincident with the turn-
ing on of such fixtures in the evening, 
and by the 60 or 120-cycle black bars it 
frequently produces. Such noise interfer-
ence is usually less intense than ignition 
noise, but may enter the set through the 
power line as well as through the antenna, 
which is very unlikely with ignition noise. 
The kinescope patterns produced by such 
noise are usually ragged and erratic, as 
they are only likely to be intense when the 
device producing them is operating de-
fectively, with flickering, arcing, and 
similar conduct. 

Noise from appliance motors, power 
tools, and heavy electrically powered 
equipment like elevators may have some 
of the pulse characteristics of ignition 
noise, but almost invariably show strong 
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Ignition Noise 
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60 or 120-cycle modulation resulting in 
the familiar dark bar or bars. Such inter-
ference may enter by the power line, or 
through coupling from the building wiring 
to the line or antenna. As in the case of 
many other noise sources, the appearance 
of the pattern in the picture can often 
be correlated with the operation of the 
device in question. The pictures of Fig. 
42-19 are typical of noise interference. 
Noise produced by a sparking effect,such 
as from the brushes of a motor, produces 
horizontal streaks like ignition noise,but 
brush noise in the picture is more dense. 

DEVICES FOR ELIMINATING INTERFERENCE 

42-4. Due to the wide variety of dif-
ferent kinds of interference, a consider-
able number of different devices is 
required to combat it. In making the best 
possible use of them, it is necessary to 
have some understanding of the principles 
on which they operate, the nature of the 
interference itself, and the path by which 
it enters the receiver. The devices used, 
such as stubs, filters, and the like,usual-
ly operate by presenting a very high im-
pedance in series with the path of entry 
of the interfering signal, by offering a 
very low impedance shunt across the path 
or to ground, or by a combination of both 
principles. In addition, if the particular 
path involved happens to be the one by 
which the desired television signals must 
also enter, the interference-elimination 
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device must have negligible effect on the 
desired signal. Thus a high-pass filter 
for use between the transmission line and 
the receiver input terminals to prevent 
interference from strong low-frequency 
signals must not appreciably reduce the 
strength of television signals on any 
channel. 

Interference-eliminating devices can 
be divided into wide-band and narrow-
band types, and can also vary in the 
amount by which they attenuate the inter-
fering or overly-strong signal. A good ex-
ample of a wide-band interference-elimi-
nation device is the type of filter used in 
the a-c power line to prevent unwanted 
disturbances from entering or leaving the 
receiver by that path. Such a filter is 
usually a combination of inductors and 
capacitors arranged in a low-pass config-
uration. The values chosen offer very 
little series impedance to the flow of 
60-cycle a-c power into the set, but have 
a cut-off frequency not very far above 
that, so that noise voltages and other 
disturbances picked up on or coupled into 
the line see a very low shunt impedance 
across the line, and a very high imped-
ance in series with the line conductors. 
This effect exists for signals of all fre-
quencies above the cut-off frequency of 
the filter, but not for those below that 
frequency, such as the 60-cycle power 
for the set. This wide-band filter does 
not have to be tuned. 

The operation of a narrow- band device 



Device for Eliminating Interference 
42-21 

such as a resonant stub or an i-f trap is 
by contrast very selective, and as a 

result, it must be carefully adjusted to 
the correct frequency. This is not the 
case with the high-pass or low-pass fil-
ters, which can be installed without any 
adjustments. Because of this difference 
in response, the two types of interference-
combatting devices are best suited to 
preventing different sorts of interference. 
In general, narrow- band devices are used 
mostly to reduce or eliminate a single 
interfering signal of relatively stable 
frequency, which is within the r-f or i-f 
passband, or in the image band of the 

receiver. Wide- band devices are used 
mostly to eliminate the effects of any and 
all signals outside the designed r-f and 
i-f passbands of the receiver. 

Resonant Stubs. — The resonant stub 
is most useful when an interfering signal 
on a single frequency must be reduced in 

amplitude as compared to the desired sig-
nal at the receiver input. A common 
example of this situation exists in many 
locations where the signal on one tele-
vision channel is excessively strong. A 
resonant stub is a piece of transmission 
line which may be either a quarter-wave 
or half-wave long electrically at the fre-
quency of the interfering signal. In use, 

the conductors at one end of such a stub 
are connected to the appropriate place in 
the system, in parallel with the circuit 
carrying the interfering signal. This is 
often the receiver input terminals, but 
such stubs may also be connected across 
the line terminals at the antenna, or at 
other points. 

For maximum reduction of the interfer-
ing signal, the quarter-wave stub is left 
open at the end not connected to the sig-
nal path. This makes it look like a low-
loss series-tuned circuit to the interfer-

ing signal. Since it is connected across 
the signal path, it acts as an extremely 
low-impedance shunt, across which very 
little voltage can be developed by the 
interfering signal. However, the imped-
ance of this shunt path rises very rapidly 
as the frequency departs from the reso-
nant frequency of the stub, and thus a 
desired signal somewhat removed from 
the interfering frequency does not see a 

low- impedance shunt. The action of the 
half-wave stub is exactly the same, when 

the unconnected end is short-circuited. 
The reason for this is discussed in Les-
son 21. 

Either quarter or half-wave stubs may 
be used, but the quarter-wave type is 

considerably more sensitive to the de-

tuning effects of nearby objects, and 
thus requires somew hat more care in 
installation and adjustment. The half-
wave type on the other hand is somewhat 
less subject to detuning, but is twice as 
long, making it harder to mount neatly 
and securely. 

About the most commonly used stub 
for attenuating an overly-strong signal is 
the quarter-wave open-end stub across 
the receiver input, perha ps with a resistor 
of suitable value connected across the 
open" end to reduce the amount of at-

tenuation. The exact length for such a 
stub must be adjusted by cut-and- try, 
with the stub mounted very nearly in the 

position it will finally occupy, so as to 
avoid detuning by movement after final 
adjustment. It is convenient to have a 

starting point from which to begin trim-
ming, however, to avoid needless waste 
of line and time. This can be found by 
using the formula: Stub length in inches 
equals 2950 divided by the frequency to 
be attenuated, stated in megacycles. 

L (inches) — 2950 

F.  

This gives a length about 15 to 20 per-
cent greater than the actual length of an 
electrical quarter-wave on 300- ohm twin-
lead, which leaves ample room for length 
adjustment. 

A quick check is often needed, to see 
whether a stub will actually make any 
improvement in a particular case, and the 
following test is about as practical as 
any. Connect a piece of twin- lead known 
to be more than a half-wave long at the 
frequency to be attenuated ( it can be any 
length greater than this) across the re-
ceiver input, in parallel with the trans-
mission line. Wrap a piece bf tinfoil or 
similar good conductor (a piece of thin 
folded sheet metal will do) around the 
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piece of test line at a point approximately 
a half wavelength away from the receiver 
input terminals. Slide this back and forth 
along the test line while watching the 
screen for a change in the effect of the 
tinfoil on the undesired signal. If a stub 
is going to be much help, it will be pos-
sible to find a spot where the effect of 
the strong signal is reduced to a minimum. 
If no point can be found roughly a half 
wavelength from the receiver input where 
a definite improvement results, it indi-
cates that a resonant stub will not help 
matters. This test is actually a trial with 
a resonant half-wave shorted stub (the 
tinfoil acts as a capacitive short circuit), 
which is electrically similar to a quarter-
wave open-end stub, as seen from the end 
connected to the receiver. It has the ad-
vantages of being simple and quick to 
try, and avoids the necessity of cutting 
up good line for test purposes. 

Reactive Stubs. — Stubs of lengths 
other than a quarter-wave or half-wave 
long can also be used for certain special 
purposes. Such stub lengths are reactive 
at the frequency considered, and it is the 
reactive characteristic that is actually 
wanted when such stubs are used in prac-
tical installations. In general, an open-
circuited stub less than a quarter-wave 
long at a given frequency looks like a 
capacity to the source of energy. Con-
versely, a short-circuited stub of the 
same length looks inductive to the same 
source. Stubs of this sort may be used at 
any point where it is desired to add a 
moderate amount of low-loss inductance 
or capacitance. 

An example of the use of a reactive 
stub to improve reception occurs when 
the television signals are excessively 
strong on the highest or lowest channels. 
Suppose the receiving location is such 
that signals on Channels 2, 4, and 5 are 
excessively strong, but signals on the 
remaining active channels are of average 
strength. The use of a resistive pad to 
reduce the strong signals will also reduce 
the signal strength on the other channels, 
perhaps to such a low level that they will 
be unsatisfactory. In this case, use of a 
stub presenting an inductive reactance 
across the receiver input will reduce the 

signal strength on the low channel sta-
tions considerably more than it will those 
on the high channels. In fact, if the stub 
length is carefully adjusted, it is possible 
to increase the signal strength on the 
higher channels slightly, while reducing 
the excessive signals on the low 
channels. 

High-Pass Filters. — One of the most 
effective devices for combatting interfer-
ence by powerful signals lower in fre-
quency than the lowest television channel 
is a high-pass filter. The name " high-
pass" actually describes the way the 
filter is designed to function, and means 
merely that the device attenuates signals 
on frequencies above a certain selected 
cut-off frequency only a little, but atten-
uates all frequencies below the cut-off 
very much. Commercial high-pass filters 
for use with television receivers are usu-
ally designed to have a cut-off frequency 
somewhere between 48 and 54 mc, with 
the attenuation increasing rapidly below 
that frequency. It is not possible in prac-
tical filters to have the attenuation reach 
its maximum value just below the cut-off, 
nor can the attenuation be infinite.Never-
theless, in high-pass filters of good 
design the attenuation of signals even 
10 mc below cut-off will be 4-8 times 
down in voltage, and the signal amplitude 
continues to decrease as the frequency is 
lowered. This type of filter does not have 

to be tuned. 

The high-pass filter is one of the most 
effective devices for solving interference 
problems, because many such problems 
are caused by an extremely strong signal 
on some frequency below the lowest tele-
vision channel. Some receiver models 
have a built-in high-pass filter in the 
input circuit, but even these may occa-
sionally be troubled by such interference. 
This is true because the attenuation of 
the filter is not infinite, and an extremely 
strong signal may still get through. The 
addition of another high-pass filter pre-
ceding the receiver input frequently cures 

such trouble. 

Power- line Filters. — In many cases, 
noise and interference enters the affected 
receiver by way of the a-c power line. 
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The path by which. the offending signals 
actually reach the affected circuits in the 
set is frequently the capacity between 
the power transformer primary winding 
and the other windings, perhaps also the 
capacity to the core and shell. Commer-
cial filters are available that effectively 
prevent the entrance of any signals above 
a frequency of 100 cycles or thereabouts. 

These are low-pass filters, and they are 
usually equally effective in preventing 
signals generated within the television 
set from leaking back into the power line, 
perhaps to cause interference in other 
receivers. They are particularly effective 
for use with television sets that do not 
have an electrostatic shield between the 
primary and other windings, to prevent 
harmonics of the horizontal sweep voltage 
from causing interference in AM broad-
cast receivers operating from the same 
a-c line. This type of filter is not tuned; 
the unit is just connected into the power 
line. 

Capacitors and Inductors. — The use 
of a tubular paper capacitor at a suitable 
point in the receiving system is some-
times helpful in combatting interference. 
In practice, such a capacitor of a value 
selected by trial and error may be quite 
effective when connected across the 
receiver input terminals. The value most 
effective in a given case may turn out to 
almost anything between . 001 mfd and 
.1 mfd, with values around . 01 to . 05 most 
common. At first thought, such a device 
might seem to conflict with radio theory, 
since it would seem that it could only act 
as a very low-impedance capacitive shunt 
across the input. With actual paper capac-
itors, this is not so, because the induct-
ance of the leads and aluminum foil 
'plates' causes the capacitor to act more 
like a small inductance across the input 
at the frequencies of the television chan-
nels. However, at frequencies below the 
television channels, the behavior of such 
a capacitor rapidly becomes less induc-
tive, until at some frequency the unit 
becomes series resonant, and offers an 
extremely low impedance. The actual fre-
quency at which a given capacitor will 
be series resonant depends on the length 
of its connecting leads, its capacity, and 

the internal construction, which may vary 
considerably in different makes. As a re-
sult, it is usually necessary to use trial 
and error methods in selecting a capacitor 
in any particular case. The most common 
point to try is at the receiver input, but 
a capacitor across the transmission line 
at the antenna may also be helpful in 
certain cases. In general, the action of 
the capacitor in such applications is very 
similar to the use of a short inductive 
stub connected across the signal path at 
the same point, excepting for the series-
resonant action at some frequency below 
the television channels. Since this series-
resonant action may be very effective in 
reducing interference from a strong low-
frequency signal, it is obvious that the 
capacitor may sometimes be useful where 
the inductive stub is no help. It is also 
useful for reducing strong signals in the 
lower channels without affecting the high 
channels, in the same way as the induc-
tive stub, but since capacitors come in 
definite steps of values, the stub may be 
more desirable, because it can be ad-
justed by trimming. 

Small mica capacitors may also be 
useful for the same reasons given for 
paper capacitors. In general, their series 
resonant frequency will be somewhat 
higher for a given capacitance value, but 
otherwise the action is similar. For any 
capacitor, the length of the leads used 
has an important effect on the perform-
ance, and this should be varied when 
making tests to produce the maximum 
desired effect. Ceramic capacitors of 
similar values usually have still higher 
resonant frequencies, due to the lower 
inductance of their plates, and some of 
these are worth trying when they are 
available. On the other hand, very small 
ceramic capacitors of values between 
1 and 2000 micromicrofarads may occa-
sionally be useful across the line to 
reduce strong signals on the upper chan-
nels without affecting lower channels. 
The action in this case is merely that of 
of a small shunt capacitance, since series 
resonance of such ceramic capacitors will 
usually be above the television channel 
frequencies. A capacitive stub will give 
the same action, and can be more accu-
rately adjusted by trimming. 
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A small coil connected across the re-
ceiver input can be used to give much the 
same effect as an inductive stub, and 
occasionally this may prove useful. In 
practice, a few inches of solid hook-up 
wire can be wound around a pencil and 
slid off the end after forming. The turns 
should be spaced about the diameter of 
the wire for best results, and coils of 
different numbers of turns can be tried for 
optimum results. In general, the inductive 
stub is easier to adjust and mount in 
place 

Shielding. — Another way in which 
interference may be combatted is by the 
use of shielding to prevent the interfering 
energy from reaching a point where it can 
cause trouble. In most cases, this in-
volves much more expense, trouble, and 
work than other methods, and as a result, 
it is usually not done except as a last 
resort. In extreme cases, where the re-
ceiver itself is located very, near a very 
powerful interfering device such as an 
old model diathermy machine or a radio 
transmitter, it may be necessary' to line 
the cabinet with copper screening, or put 
a bottom plate on the chassis, In addition, 
or alternatively, it may be necessary to 
relocate the antenna and transmission 
line for less interference pick-up, or to 
use shielded twinlead line, with the 
shield carefully grounded. In all cases 
requiring shielding, the grounding of the 
shield material is likely to be the most 
important single feature. In most cases 
the exact point on the shield for connect-
ing the ground lead must be selected by 
trial and error, with the set in the actual 
position it will occupy in use. In general, 

shielding is most effective against very 
strong interference generated very near 
the receiver, and in such cases, the pos-
sibility of reducing the interference at 
the source should als.o be considered. 

Changing Intermediate Frequency. — 
In most receiver models, it is possible to 
readjust the oscillator frequency used on 
each channel so that the actual intermedi-
ate frequency of the sound and picture 
carriers is shifted. This is most often 
done when the oscillator of one set causes 
serious interference in one or more other 

sets, the idea being to move the oscillator 
frequency of the set causing the interfer-
ence out of the passbands of the other 
sets.Naturally when the oscillator circuit 
of the interfering set is changed, the 
intermediate frequency amplitude circuits 
must be completely realigned to accept 
the ophanged intermediate frequencies 
properly. This is a fairly extensive job, 
but it must be done in persistent cases. 
Note that the work is done on the set that 
causes the interference, rather than those 
in which the interference occurs. 

Miscellaneous Remedies. — Before do-
ing any special work on an interference 
problem, it is usually wise to check the 
condition of some parts of the set, if 
there is any reason to suspect them of 
poor operation. If, for instance, the cus-
tomer complains that the interference 
began very suddenly, and your examina-
tion shows that the trouble is FM, the FM 
trap should be checked for an open or 
short before going on to other measures. 
I-f traps may also open or short, or drift 
out of adjustment, and a little thought 
about the case history as given by the 
customer while you study the interference 
pattern may save some false starts and 
wasted work. 

In certain sets, extra traps can be 
used in i-f stages not normally requiring 
them. In some cases these may prove 
helpful where extra attenuation is needed. 
It is usually better however, to work on 
reducing the signal before it reaches this 
point in the set. 

PRACTICAL INTERFERENCE ELIMINATION 

42-5. Television Receiver Local Os-
cillator Radiation. — Local oscillators of 
television receivers occasionally radiate 
enough energy to nearby sets to cause 
interference, particularly in multiple 
dwellings and other locations where sets 
are normally close together. This kind of 
interference varies greatly between differ-
ent makes and models, and between indi-
vidual receivers of the same model. Due 
to the large number of different makes 
and models, and the fact that there is no 
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industry-wide agreement on intermediate 
frequencies, or the amount of oscillator 
radiation permitted, it is not possible to 
state every way in which such interfer-
ence can occur. Some of the most common 
examples are shown in Table 1. 

TABLE 1 

Interfering set on Set interfered with on 

Channel 2 
3 
7 
8 
9 

Channel 5 
Y 

6 
11 
12 
13 

Sets having the 21-26 mc i-f amplifier 
system can interfere with any other re-
ceiver, when both are tuned to the correct 
channels, as indicated in the Table. This 
is true because the oscillator fundamental 
frequency in these sets falls in the tele-
vision channel concerned. Sets having the 
41-46 mc i-f system cannot interfere with 
other sets in this way, because the oscil-
lator frequencies do not fall within the 
limits of any television channel. This 
will be clear from study of Fig. 42-1. 

Image interference can also be caused 
by the local oscillator of 21-26 mc i-f sets 
in a reverse way frequency-wise, that is: 
a set tuned to Channel 5 has its funda-
mental oscillator frequency in the image 
response region of a set tuned to 
Channel 2. The other possibilities for 
this type of interference are shown in 
Table 2. 

TABLE 2. 

Interfering set on Set interfered with on 

Channel 5 
" 6 

11 
12 
13 

Channel 2 
3 
7 
8 
9 

Image type oscillator interference pro-
duces the same pattern of r-f lines on the 
screen as in the direct case of 2 on 5, 
etc., but it is usually much weaker, be-
cause the set interfered with has less 
response at the image frequency, as 
explained earlier. Sets having the 41-46 
mc i-f cannot interfere with each other in 

this way, as the frequency relationships 
are incorrect. In theory, such sets might 
cause some interference with 21-26 mc i-f 
sets on certain channels, but in practice, 
the oscillator radiation from 41-46 mc i-f 
receivers is so low that interference in 
this way is quite rare. 

Local oscillator interference is usual-
ly revealed as such by the following char-
acteristics: It shows the typical slanting 
line pattern of continuous-wave interfer-
ence,without frequent interruption or very 
much change in frequency, when it comes 
on or goes off, this usually occurs when 
programs are changing (at which time the 

owner of the interfering set is most likely 
to change stations), and it never shows 
any modulation. When such interference 
shows up on one or more of the channels 
indicated• in the Table as being subject 
to oscillator interference, it is desirable 
to check the sets of the nearest neighbors 
by switching them off for an instant, or 
momentarily tuning to another channel. If 
this kills the interference, the cause is 
established. 

Fig. 42-20 

In correcting interference from receiv-
er local oscillators, certain common 
points are important. Severe interference 
is almost always found to be due to the 
chassis of the two sets being physically 
close together, perhaps on opposite sides 
of the same wall in an apartment house. 
The plan view of Fig. 42-20 illustrates 
this condition. Strong local oscillator 
interference is seldom the result of close 
spacing of antennas or lines only, al-
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though this may contribute somewhat. 
When the interference is coupled only 
through antennas or lines, it is usually 
weaker and more easily corrected. 

The most effective way to reduce 
interference due to proximity of the two 
chassis is to.relocate them further apart, 
and this should be done where possible. 
This may be difficult in multiple dwell-
ings, even when the set-owner is willing 
to rearrange his furniture to aid in a 
solution. Since the amount of oscillator 
radiation varies considerably between 
individual sets, it is not possible to give 
hard and fast rules that fit all cases, but 
in general, it is more effective to work on 
the set causing the interference, when 
permission can be obtained to do so. 
This may be difficult, because the owner 
of the offending set may not himself have 
any trouble. In cases where the interfer-
ing set causes interference in several 
others, however, it may be essential to 
get cooperation of the owner, in order to 
change the oscillator frequency, as de-
scribed earlier. 

If it is possible to attack the problem 
by working on the set causing the inter-
ference, the first step is to realign the 
the sound and picture i-f amplifiers to the 
new frequencies. Interference between the 
upper channels (7 on 11, etc.) requires the 
greatest change, about 3 mc upward. Re-
set all the staggered stages of the i-f 
amplifiers to new frequencies 3 mc above 
those specified in the Service Data by 
use of the marker generator as described 
in the Lesson on i-f alignment. When this 
has been done, the overall response 
should he touched up by use of the sweep 
and oscilloscope. It will also be neces-
sary to carefully readjust the coupling of 
the discriminator transformer so that its 
response again shows a straight-line, 
uniform slope. The degree of coupling 
between tuned circuits changes when 
their resonant frequency is changed, and 
this change of coupling in the discrimina-
tor circuit will cause serious distortion 
of the sound unless it is corrected. 

Certain differences between various 
receiver models have an effect on the job 
of realigning the i-f a mplifiers,and should 
be noted. When the change in oscillator 

frequency must be relatively large, the 
normal adjustments of the various i-f 
circuits and traps may not quite reach the 
new frequency. The Model 721 and similar 
chassis are relatively easy to change, 
because they have fewer traps, and the 
range of their adjustments is great enough 
to accommodate even a 3-mc alignment 
change. On the other hand, the 9T240 
series is a more difficult job, due to the 
use of traps in all picture i-f stages, and 
the fact that the alignment of this set is 
somewhat more critical anyhow. In some 
traps, where the tuning range is not suffi-
cient to reach the new frequency, the 
inductance of the coil can be reduced by 
short-circuiting one turn. Alternatively, 
the capacitor can be changed for one of 
slightly smaller value. 

In the 630, 8TS30 and 721 models, the 
i-f tuning slugs which are of powdered 
iron can be removed, and brass slugs 
substituted. This will reduce the induct-
ance of the coil enough to permit tuning 
to the higher frequency. Removal of the 
powdered iron slug alone will reduce the 
coil inductance, and insertion of a brass 
slug is equivalent to coupling a second-
ary winding to the coil, consisting of one 
short-circuited turn. Shorting out one or 
more turns of any coil always results in 
reducing the total inductance, and also 
in some reduction of Q, although the Q 
loss is small if the shorted turn has very 
low resistance. The powdered iron slugs 
are practically nonconductive, because 
the iron particles are suspended in a 
plastic binder which prevents particle-to-
particle contact. Thus there is no short-
circuited turn effect. Instead, the mag-
netic permeability of the iron acts to 
increase the coil inductance when it is 
within the coil. 

When the i-f amplifiers have been re-
aligned, the oscillator circuit should be 
readjusted to track properly with the new 
i-f alignment. This only means that the 
oscillator tuned circuit must resonate 
3 mc higher in frequency on each channel 
than it formerly did, at 84 mc instead of 
81 rric for Channel 2, 90 instead of 87 mc 
on Channel 3, etc. Unless the r-f and 
mixer stages are already out of alignment, 
or are accidentally detuned while working 
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on the oscillator, they do not require any 
change. 

In cases requiring the largest change 
of oscillator frequency (3 mc), as in 
Channel 7 on Channel 11, it sometimes 
happens that the normal range of oscil-
lator tuning adjustments is not great 
enough to permit tuning to the required 
new frequency on the two or three lowest 
channels. When this is the case, it will 
be necessary to slightly reduce the in-
ductance switched into the oscillator 
tuned circuit on the channels concerned. 
Try the regular adjustments first, begin-
ning with Channel 13 and working down. 
If the normal slug adjustment will not 
reach the new frequency, it will usually 
be necessary to change the coil concerned 
for a coil meant for the next higher chan-
nel position. Thus if the oscillator cannot 
be made to tune the required three mc 
higher on Channel 2, the Channel 2 coil 
should be removed from the switch wafer 
and replaced with a coil meant for 
Channel 3, which has slightly less induct-
ance. In some cases, it may be necessary 
to thus substitute coils on Channels 2 
and 3, and perhaps even on Channel 4 as 
well, In each case, the coil for the next 
higher channel should be used for 
replacement. 

If it is definitely established that 
coupling of the interfering oscillator radi-
ation is taking place through the antenna 
and/or transmission lines, rather than 
directly between the chassis of the two 
sets, it is often helpful to relocate one or 
both antennas so that there is greater 
separation between them. The lines may 
also require relocating, although if both 
are properly installed, with a reasonable 
spacing and number of twists between 
standoffs, coupling between them is 
usually small. 

The use of a series-resonant stub 
across the input terminals of the receiver 
causing the interference will also reduce 
the effect when the coupling is through 
the antennas and lines only, but these 
require a special switching arrangement 
to disable the stub when the setowner 
wishes to receive the channel to which it 
is tuned. For this reason, such remedies 
are seldom used, except as a last resort. 

One other special type of local oscil-
lator interference is worth mentioning. It 
is caused by oscillators in old Model TRK 
sets that have not been modified. In these 
sets, there is no r-f amplifier stage, and 
as a result the oscillator radiation is 
several times as strong as from later 
model sets, both from the chassis and 
from the antenna and line. While few un-
modified sets of this type are still in 
service, the severity of the interference 
they can produce makes it necessary to 
deal with them directly when the trouble 
is discovered. One effective measure is 
to install an r-f stage between the re-
ceiver input terminals and the trans-
mission line. The most effective measure 
is the use of a good booster of the 
channel-switching type, installed at the 
receiver, with the shortest possible leads 
between it and the set's regular input 
terminals. The oscillator frequencies of 
the TRK set are such that it can only 
interfere directly on Channels 3 and 5, 
but due to the strength of the radiation, 
it may affect receivers on these channels 
for several blocks radius. 

FM Station Image Interference. — 
Trouble of this type occurs when the sig-
nal from an FM broadcast station on a 
suitable frequency reaches the input of a 
television receiver in sufficient strength. 
Thus an FM station on an assigned fre-
quency of 107.5 mc can produce image 
interference in a television station tuned 
to Channel 2, if the FM station signal is 
very strong. This and other possible fre-
quency relations for FM image interfer-
ence can be seen in Fig. 42-1. 

When the interference is clearly FM, 
similar to the patterns in Fig. 42-11 and 
Fig. 42-16, examine the chart of Fig. 42-1 
to see if the frequency relationship is 
right for image interference, taking the 
frequencies of the channel affected and 
the local FM stations into account. (Such 
interference from distant FM stations is 
unlikely.) If this check shows that it may 
possibly be an FM image, make another 
test to make sure it is not a harmonic of 
the sound i-f of the TV receiver itself. To 
do this, remove the second sound i-f tube. 
If the trouble is due to a sound i-f har-
monic, it will disappear when this is 
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clone. If it turns out to be image trouble, 
a quick check by adjusting the FM trap 
will show whether this circuit is having 
any effect. If it does not, it must be 
repaired or replaced. If it is working, 
adjusting it either way from its best set-
ting will cause the interference to get 
stronger. In this case, find out from the 
owner how long he has had the interfer-
ence, if you haven't done so already. If it 
came on suddenly, there's a chance that 
something is wrong with the line or an-
tenna installation. Examine these care-
fully, and see if putting them in order and 
orienting for maximum TV signal on the 
Channel affected doesn't cure the trouble. 
If there is still trouble after this is done, 
and the FM trap in the set is working 
properly, it may be necessary to add an-
other FM trap across the line at the input. 
A series-resonant stub may be used, or a 
a spare FM trap. 

FM Station Harmonic Interference. — 
When a TV set is tuned to a Channel 
which is a whole- number multiple of an 
FM broadcast station frequency, harmonic 
interference is also possible. Thus a set 
tuned to Channel 9 may be interfered with 
by the 187.8 mc second harmonic of an 
FM broadcast station on 93.9 mc. This is 
very near the 187.25 me picture carrier of 
Channel 9. In this case, three possibili-
ties exist. The FM station may actually 
be radiating second harmonic. If so, other 
nearby receivers should show some inter-
ference also. Again, it is possible that 
external cross-modulation is taking place. 
If this is the case, it is still possible 
that other nearby receivers will have 
trouble, but it is likely that the trouble 
will cover a much smaller area. 

The third possible cause of such har-
monic interference is that the FM carrier 
reaches the TV set's r-f stage grid at 
such great strength that the harmonic is 
being generated at that point. In this 
case, other sets nearby may or may. not 
have the same kind of trouble. A test of 
the FM trap for effectiveness by changing 
the adjustment and watching for a change 
in the interference will show whether it 
is working or not. If it is okay, the same 
remedies given for image interference 
should be tried. It sometimes happens 

that a broken line connection, or trouble 
with the antenna will change the propor-
tion between the TV signal and the FM 
signal sharply in favor of the FM station, 
and this possibility should not be over-
looked, even when signals on most chan-
nels seem okay. 

If it turns out that the harmonic results 
from external cross-modulation, an inspec-
tion of the roof may reveal the cause, in 
the shape of an old haywire broadcast 
antenna made of wires twisted together 
without soldering, or something similar. 
The remedy is removal, or repair by care-
fully soldering all joints. If the source 
cannot be found, the best hope is reori-
enting or relocating the antenna to secure 
greater TV signal in proportion to the FM 
interference. 

Industrial, Sc ientific, and Medical 
(ISM)Apparatus Interference. — This head-
ing includes diathermy and industrial r-f 
heating equipment, and is the classifica-
tion used by the FCC for such apparatus. 
When the interference patterns resemble 
those of Figs. 42-7 or 42-15, compare the 
frequencies of the Channels concerned to 
the frequencies assigned to ISM use, and 
also the harmonics of those frequencies. 
Also, consider the location, and the on-
and- off cycle of the interference. If you 
are near a Doctor's office or factory these 
are likely sources of the trouble. A trial 
with a high-pass filter at the input termi-
nals should be made, particularly if the 
set is a relatively early model. Bear in 
mind that if factory r-f heating equipment 
is responsible, there may be several 
machines whose frequency and duty cy-
cles will probably not be exactly the 
same. If the high-pass filter produces no 
effect, the interference must be entering 
directly on the chassis or i-f wiring, or 
through the power line. Try the effect of 
a power line filter, and also check the 
condition and orientation of the antenna, 
to make sure the TV signals are reaching 
the receiver properly. 

In areas where the adjacent sound trap 
is not needed, because there is no TV 
station on the channel adjacent to the 
one affected, try adjusting the sound trap 
carefully to reduce the interference to a 
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minimum, observing for serious loss of 
picture detail. If the interference is not 
too far into the passband of the picture 
i-f amplifier, little loss of picture detail 
will result. If this remedy causes too 
much loss of picture detail, it may be 
necessary to change the i-f passband in a 
way similar to that described in avoiding 
local oscillator interference. 

One effective method is to tune the 
adjacent sound trap in the set to reduce 
the interference to a minimum, and then 
remove the set to the shop, taking care 
that nothing disturbs .the setting of the 
trap. In the shop, the i-f passband is 
moved away from the trap tuning far 
enough to minimize the interference, 
taking care to realign the oscillator prop-
erly. The set is then returned, taking 
along an extra pair of similar traps to 
eliminate the last traces. One of these 
should be connected in series with each 
line conductor at the receiver input, and 
tuned to parallel resonance, so that they 
offer high series impedance to the inter-
fering signal. This procedure is only 
effective where the frequency of the inter-
ference is reasonably steady, of course. 

Where the interference frequency wan-
ders enough to make the above method 
useless, it may be necessary to line the 
inside of the cabinet with copper or brass 
screen and ground it carefully, relocate 
and reorient the antenna for greater TV 
signal, or use an antenna with greater 
gain. 

Shortwave Transmitter Interference. — 
This type of trouble produces the charac-
teristic slanting line patterns of Fig. 
42-10 and Fig. 42-21. 

Due to the large number of possible 
sources as discussed earlier, interference 
of this sort may be entering the receiver 
by any or all of the possible channels, 
and they will have to be eliminated one 
at a time. The interference may be unmod-
ulated, keyed, or AM or narrow-band FM, 
and its on-and-off cycle may be erratic. 
In addition, it may show considerable 
frequency changes, since some communi-
cations services have several frequen-
cies or bands assigned for their use. 
Also, the interfering frequency may not 

Fig. 42-21 

be the assigned carrier frequency of the 
station, but radiation of a fundamental or 
harmonic from a stage preceding the final 
amplifier, as described in Section 42-3. 

A good beginning is to try all active 
TV channels. If the interference is severe 
on several channels, perhaps with nega-
tive picture effect on one or two, it is 
likely that the interference is due to the 
fundamental frequency of the shortwave 
transmitter overloading the r-f stage of 
TV receiver. A trial with the high-pass 
filter at the input may show good results, 
particularly in the receivers that have 
less rejection below the television chan-
nels. While making this and other tests, 
the nature of the interference should be 
observed, if it varies. Thus rapid on-and-
off characteristic of Morse code indicates 
definitely the transmitter concerned is in 
communications service. AM or narrow-
band FM modulation coupled with a rather 
erratic on-and-off cycle also suggest a 
communications transmitter. 

Another test worth making early be-
cause of its convenience is to try a filter 
in the a-c power line. If the high-pass 
filter and/or the a-c line filter show sub-
stantial improvement, it is likely that 
further work on blocking other channels 
of entry will clear up the trouble. 

If the modulation of the interference 
can be heard, the service in which the 
station causing it operates may be dis-
covered from the program material. This 
even applies to Morse code, if you can 
read it, particularly in the case of ama-



TELEVISION SERVICING COURSE, LESSON 42 
42-30 

teur stations, which make their call signs 
frequently when on the air. It is important 
to try to identify the radio service in 
which the station operates ( taxi despatch-
ing, police, amateur, broadcast, etc.) be-
cause when this is known, the frequency 
may be determined from the FCC assign-
ments. The chart of Fig. 42-1 will also 
help. 

When the interference is very strong, 
it is quite likely that the receiver will 
operate abnormally, and it is almost cer-
tain that some of the effects will be con-
fusing. However, a very strong signal is 
itself a helpful clue, and possible nearby 
sources should be considered. 

Strong interfering signals can often be 
seen on the screen on several channels as 
a result of cross- modulation between the 
TV station and the assigned operating fre-
quency of the transmitter, rather than by 
harmonic radiation. 

If study of the interference character-
istics reveal the frequency, a stub or trap 
for that frequency should be tried across 
the receiver input. If the interference fre-
quency varies, only a band-rejecting de-
vice like the high-pass filter is likely to 
help. In any case, all the paths by which 
the interference is entering the set must 
be blocked, when it has been determined 
that the interference is due to radiation 
of the fundamental frequency. 

Every effort should be made to correct 
the trouble at the receiver, as this is 
usually much more accessible, and does 
not involve a ticklish and time-consuming 
job of locating the offending device, and 
perhaps getting permission to work on it. 
Nevertheless, harmonic or other improper 
radiation from the source remains a pos-
sible source, and must be dealt with when 
everything practicable has been done at 
the receiver installation. 

The possibility of interference at se-
veral different frequencies and pickup in 
several different ways should not be over-
looked. For instance a trap tuned to 14 
mc and placed in the antenna might almost 
eliminate the interference. If a further 
use of 14 mc attenuation in the antenna 
has no effect the remaining interference 
maybe a second harmonic (28 mc)radiated 

by the transmitter. Also, it might be enter-
ing the receiver via the power line. 

In conclusion, very strong fundamental 
signals even without any improper radia-
tion may require use of added high-pass 
and a-c line filters, shielding of chassis, 
careful location and orientation of antenna 
for best TV- to- interference signal ratio, 
and possibly even installation of coax or 
Twinex line, if the twin-lead line is pick-
ing up the interference strongly. Use of 
stubs at receiver input and perhaps also 
at the antenna may help, if the interfering 
frequency is always at the same 
frequency. 

Sound I-F Harmonic Radiation. — 
Harmonics of the sound i-f signal in the 
TV receiver occasionally cause interfer-
ence in the same set, by getting back into 
the front end. They appear in the picture, 
and look like any other FM carrier, but 
can be identified by pulling the second 
sound i-f tube, which removes this kind 
of interference. Sets using a built-in or 
indoor antenna are more likely to be 
affected, and any means for getting the 
antenna farther away from the set is likely 
to help, as the radiated harmonic declines 
in strength very rapidly as the antenna is 
moved farther from the set. If the interfer-
ence is not always present, but occurs 
only at times, it is barely possible that 
another set very near to the one affected 
is causing the trouble. 

In a typical case, such as Channel 3 
being interfered with by the sound i-f third 
harmonic (63.75 mc), it is clear that the 
harmonic is actually within the proper 
passband of the channel. Similar trouble 
can occur on certain other channels, 
which can be determined by simple arith-
metic, as in this case. 

In sets using the built-in antenna, it 
frequently helps to move the antenna from 
below to above the chassis within the 
cabinet. In sets having such an antenna, 
but using some other antenna for actual 
reception, such as a nearby indoor or win-
dow antenna, removing the built-in antenna 
from the cabinet may clear up the trouble. 
Shortening the leads on the sound i-f by-
pass capacitors, and relocating the point 
at which they are actually soldered to 
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ground will often make a considerable im-
provement. This should be done one 
capacitor at a time, starting with the last 
stage and working back toward the first. 

In the case of the 721 series of receiv-
ers, a special cure can usually be accom-
plished that is not applicable to other 
sets. A 4-inch length of insulated hook-up 
wire, preferably solid, is soldered to the 
test point used to measure converter bias, 
working through the hole in the side apron 
of the chassis. This wire is then taped 
flat against the chassis, and its length is 
adjusted carefully by cutting off small 
pieces while observing the effects on 
Channel 2 and 5, which are most seriously 
affected in this set. The desired result is 
to make the interference negligible on 
Channel 2 without causing it to appear in 
Channel 5, and the length of the wire for 
this effect is fairly critical. It must be 
securely taped in place when the correct 
adjustment is found, to prevent change 
later. 

For extreme cases in the 721 series, it 
may also be necessary to relocate and 
trim the by-pass capacitors. If the trouble 
has appeared suddenly, better check the 
antenna and line, for any condition that 
might have reduced the signal strength, 
particularly on Channel 5, as this is 
critical. If Channel 5 is normally very 
weak at the location, the wire remedy 
described above may not be feasible. 
Also check the tightness and good con-
tact of the sound i-f shield cans where 
they are used, as this may be a source of 
trouble. Be sure to watch the interference 
pattern when these are touched, as a very 
slight pressure or movement may show 
definite results. 

In the intercarrier sets, trouble from 
this source is practically impossible, due 
to the low frequency (4.5 mc) of the 
sound i-f. 

Picture l-F Channel Harmonics. — As 
in the case of the sound i-f channel, har-
monics of the picture i-f signal are pro-
duced, and may sometimes be radiated 
strongly enough to enter the front end and 
appear as interference. A quick test for 
this condition is to bring the line up near 
the last picture i-f stage, removing the 
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tube shield if necessary to make the 
effect clearer. If the suspected interfer-
ence pattern changes in correlation with 
this movement of the line, it is clear that 
i-f harmonics are the cause. Its actual 
appearance is no different from any other 
r-f carrier pattern, as can be seen in 
Fig. 42-3. 

Many of the cures described for sound 
i-f harmonics are also effective in dealing 
with this condition. The same points 
about the antenna should be considered, 
and the contact of all tube and coil 
shields concerned in the i-f amplifier 
should be tight. The same treatment of 
the by-pass capacitors may also be re-
quired, and any means for increasing the 
ratio of desired signal to harmonic should 
be used, such as moving or reorienting 
the antenna, leading the line away care-
fully for minimum coupling, and so on. It 
may sometimes help to try a different tube 
in the last picture i-f stage. The most 
serious source is the picture detector, 
however, and since it must be nonlinear 
in order to do its job, about the only 
effective measure is to see that the 
shielding and bypassing are in proper 
order. 

Very rarely, such radiation from one 
receiver may affect another located near 
it. This can be checked by switching the 
suspected set off for a moment. Such 
trouble is usually cured when the interfer-
ence in the guilty receiver itself is 
reduced to a tolerable level. 

Regeneration. — Strictly speaking, re-
generation is not interference, unless the 
set actually breaks into oscillation, in 
which case the typical pattern of an r-f 
carrier beating (heterodyning) with the 
carrier of the desired TV channel will 
appear. However, regeneration causes 
undesirable effects, even when it is not 
great enough to cause oscillation, and it 
must be corrected. If a suspected r-f car-
rier interference pattern shows up in all 
or nearly all channels, and looks much 
the same in each, oscillation in the i-f 
amplifier or overall through i-f and r-f is 
likely. On a channel with a very strong TV 
carrier, the effect may not occur, because 
the developed bias may hold down the gain 
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far enough to prevent oscillation. Internal 
oscillation of this sort differs from external 
interference that also appears on nearly all 
channels because it seldom appears as 
strong. For external signals to affect most 
channels, they must nearly always be of 
such strength as to cause negative picture 
effects on at least one or two channels. 

If regeneration is occurring without oscil-
lation, it causes a smudge in some part of 
the vertical wedge, indicating that the gain 
is excessive at some one frequency in the 
i-f passband. In sets having a manual con-
trol for the i-f gain (contrast control), reduc-
ing the gain will have an effect on the 
smudge. Setting the gain to maximum in such 
a set will normally cause overload on a good 
signal, but will not cause it to break into 
oscillation. Try this, and if oscillation 
occurs, the trouble is almost certainly 
regeneration. Another reliable test in any 
set is to measure the picture detector output 
voltage on the 10-volt scale of the Simpson 
multi- meter. If the reading is much more 
than the normal 21/2 to 4 volts on an average 
channel, regeneration is likely. This reading 
can be made from the top, without removing 
the chassis, in many sets. 

Regeneration is usually due to a defec-
tive by-pass path, such as would be due to 
an open capacitor or high-resistance joint, 
or to misalignment of an i-f coil. If the 
trouble appears suddenly, after the set has 
been operating normally for some time, the 
by-passing is the most likely cause. If it 
has developed gradually, it is possible that 
drift of a tuned circuit has caused it, or 
possibly, gradual corrosion in a soldered 
joint. 

A rough check on the tuning of the i-f 
coils can be made by bringing your hand or 
a metal tool near each unshielded one in 
turn, while watching the effect in the pic-
ture. This will cause some change in the 
tuning of the coil concerned, and a change 
in the one causing the regeneration, will 
cause the effect to either increase or de-
crease. The cure here is retuning of the coil 
concerned, and in some cases, where all 
other adjustments seem to be in order, 
careful retuning of this coil a little at a 
time, while watching picture detail and the 
regenerative smudge may do the job. In 

other cases, the use of a sweep generator 
is usually necessary. 

Where the symptoms and your tests indi-
cate that bypassing of one or more stages 
is causing the trouble, joints and compo-
nents should be gone over one at a time, 
so that the defect will be definitely identi-
fied when it is found. It is also worthwhile 
to try tapping tubes in the stages concerned, 
or replacing them one at a time with a tube 
known to be good. A bad pin contact in a 
socket may cause intermittent regeneration. 
Overall regeneration of i-f and r-f is less 
common, and usually shows marked differ-
ence between channels, which provides a 
way of checking for the condition. When it 
occurs, it may be due to n•isalignment or 
defective components or connections in the 
r-f and mixer tuned circuits on the channels 
affected, perhaps coupled with some i-f 
regeneration. Removing the r-f tube when 
tuned to such a channel frequently makes a 
significant difference that shows up the 
difference. 

Fig. 42-22 

Double Conversion. — As an example, 
Fig. 42-22 shows the effect of double 
conversion due to the FM sound signal 
of Channel 7 beating against the local 
oscillator signal for Channel 5, in the 
r-f amplifier of the receiver. Some 
other examples may be seen in Fig. 42-10. 
The way in which double conversion takes 
place was discussed in Sections 42-1 and 
42-2. The most useful way to identify double 
conversion trouble is to consider closely 
the numerical frequency relationships in-
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volved, and the strength and pattern of the 
interference. In the case of Channel 7 on 5, 
as an example, a quick trial with enough 
line to form a temporary shorted half-wave 
stub to suck out the oscillator frequency, 
or the interfering channel frequency at the 
receiver input will suffice. The "short" may 
be formed with a piece of tinfoil, without 
cutting the line, as described earlier. In the 
case of other signals interfering by double 
conversion, this test can also be used, 
bearing in mind that the frequency relation-
ship must be understood to make the test 
conclusive. 

Cures for double conversion trouble will 
vary somewhat in the individual case, as 
with other interference problems. Any meas-
ure that will increase the signal on the 
desired channel as compared to that of the 
interfering signal will help. Thus reorient-
ing, raising and lowering, or perhaps relo-
cating the antenna may briug an improvement. 
A different r-f tube may reduce the effect 
(it may be more linear), and use of a tuned 
stub to reduce the interfering signal may be 
tried. If this happens to be a television 
signal, as when Channel 7 appears on 
Channel 5, the stub must be adjusted so as 
to reduce 7 just enough to make 5 usable, 
but not so far as to make 7 unusable. The 
resistor-terminated stub helps on this job. 

Receiver Overload.— This is not actually 
interference, but may sometimes produce 
effects that are mistaken for it. If the set is 
severely overdriven by a television signal, 
it will cause cross-modulation, and then 
other signals may show up as interference. 
A bona fide overloading signal is usually 
found only on certain channels, unless the 
location is such that all transmitters are 
excessively close to the receiver, and even 
then, the antenna directivity may cause one 
or two to be normal. If removing the line 
from the input changes reception on the 
formerly overloaded channels to drop to 
normal or below, there is genuine overload-
ing. With this test, most interfering signals 
seen before should also disappear, because 
of removal of the cross-modulation effect. 
If the receiver appears overloaded on all or 
nearly all channels, the condition may also 
be due to a defect in the i-f amplifier, such 
as low bias on a stage due to a leaky coup-
ling capacitor, or a dead tube due to open 

filament. The test by removing the line will 
not correct the overloaded appearance, but 
will very likely cause some snow to appear 
in the "overloaded" picture. 

Genuine overloading is corrected by add-
ing a resistor pad of suitable value in series 
with the line, if all channels are strong 
enough to stand a reduction that makes the 
strongest channel usable. If a single chan-
nel is overloading, a stub for that channel 
across the input, perhaps with a modifying 
resistor termination is useful. If only the 
low-band channels are overloading, a . 02 to 
.05 paper cap across the input may reduce 

these enough without affecting the upper 
channels. Alternatively, an inductive stub 
of small value may work as well. If the high 
channels must be reduced without affecting 
lower channels, a small capacitive stub will 
help, or a 1 or 2 mmfd ceramic capacitor may 

be tried. Still another way to reduce the low 
channels more than the upper ones is to cut 
the transmission line and slide the cut ends 
over each other until the desired effect is 
produced, after which the line is taped 
securely together. 

An additional word about excess signal 
is in order. This may cause the strong sta-
tion to appear through the picture on a near-
by weaker channel. A stub for the strong 
channel is effective in such cases. 

Co-channel Interference. — This sort of 
trouble may produce the Venetian Blind 
effect when it occurs, but this does not 
necessarily happen, because the practice of 
offsetting the carrier frequencies of the 
television stations concerned is now almost 
universal. In cases where there is interfer-
ence, careful antenna orientation, or use of 
an antenna with higher front-to-back ratio or 
better directivity is most effective. It is 
relatively rare, excepting in a few locations 
and under unusual conditions of terrain or 
vagaries of propagation. 

Adjacent Channel Interference. — This 
produces the windshield wiper effect de-
scribed in Section 42-3, and shown in Fig. 
42-14. Due to the way in which channels 
have been assigned to stations in various 
areas, this kind of interference is also rare, 
as it requires a rather strong signal on the 
channel directly adjacent in frequency to the 



TELEVISION SERVICING COURSE, LESSON 42 
42-34 

one tuned in. This could occur between 
Channels 2 and 3 for instance, if a receiver 
was receiving Channel 2 at a location where 
the Channel 3 signal was very strong. Such 
locations are few, because the FCC has 
kept a minimum separation of about 100 
miles between adjacent channel stations. 
The windshield wiper effect only shows 
when the higher numbered channel interferes 
on the lower channel. When the situation is 
reversed, the pattern seen is a coarse FM 
beat pattern from the sound carrier of the 
16wer numbered channel. In practical cases, 
good antennas and careful orientation are 
almost certain cures, although a booster may 

also help. 

Barkhausen Oscillation. — With improve-
ment of tubes for the horizontal drive ampli-
fier stage, and some other refinements, this 
trouble is also becoming rare. It still ap-
pears in some sets, showing the typical dark 
vertical bar or bars near the left edge of the 
picture. The way in which the oscillation 
occurs was described earlier in this Lesson, 
where Fig. 42-17 illustrates the appearance 
of the screen. A change of the horizontal 
amplifier tube, slight readjustments of the 
drive, perhaps accompanied by touch-up of 
linearity, or use of a small Alnico magnet 
near the tube, adjusted to minimum, are the 
most helpful remedies. Sets using built-in 
or indoor antennas are most likely to be 
affected, and relocating or reorienting such 
antennas usually helps, if a position can be 
found that gives a minimum on the Bark-
hausen while yielding good picture signals. 

Noise. — The troubles caused by noise 
are perhaps more varied than any others, as 
the pictures of Figs. 42-5 and 42-18 show. 
In general, the most effective way of com-
batting noise is to increase the strength of 
the desired TV signals while reducing the 
strength of the noise, as it is frequently 
difficult or impossible to get at the source 
of the noise itself. This can be accom-
plished by using a higher gain, more direc-
tive antenna, carefully located and oriented 
for maximum signal and minimum noise. The 
line must also be considered, and if it must 
be lead through the region of heavy noise 
pickup, the feasibility of shielded line 
should be considered. Be sure that the line 
can't be run around the noise source, how-

ever, before going to this added trouble and 
expense. 

Where ignition noise is the chief offender, 
moving the antenna back from the parapet, 
where the structure of the building acts as a 
partial shield between it and the street be-
low may help. An antenna of greater direc-
tivity is particularly helpful when the noise 
arises from a source considerably off the 
direct line to the transmitters, as from a 
street intersection to one side of the signal 
path. In such cases, best results are some-
times had by turning the antenna until the 
worst noise is in the null off the end of the 
dipole, particularly if the TV signals are 
strong. 

Noise also enters via the a-c line, but a 
simple test with a series line filter will 
quickly reveal how much help you can get 

from that angle. Unfortunately, even if the 
noise is stopped at the filter, the line may 
radiate it into the antenna anyhow, in which 
case the antenna and line measures already 
described should be tried. 

Noises produced by electrical appliances 
can frequently be stopped at the source, if 
access to them can be had. In some cases, 
the TV setowner may also own the offending 
device, which makes the task much simpler. 
Small mica capacitors of . 001 mf to .01 mf 
connected across all points at which current 
must be broken (where this will not interfere 
with operation of the device) uspally are 
quite effective. A line filter at the device is 
usually impractical because of mechanical 
considerations, and it is much less effective 
at the wall socket, because of radiation from 
the appliance cord itself. It is seldom prac-
tical to shield the device, or the wiring 
leading to it, but the possibility should not 
be overlooked. 

The most common single characteristic of 
noises generated by any device operating on 
line current is the familiar 60 or 120-cycle 
bar or bars, and the appearance of this 
symptom should immediately tip off a prob-
able connection to the a-c line frequency. 

Miscellaneous. — A few odd sources of 
interference difficult to classify are also 
worth discussion. FM and all-wave broad-
cast receivers use superheterodyne circuits, 
and the local oscillators of such sets are 
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occasionally guilty of interfering in TV and 
other receivers. It is usually necessary to 
track down the offending set and make a 
trial by switching it off or detuning 
it momentarily before the source of the 
interference can be definitely established. 
A study of the chart of Fig. 42-1 shows 
where the FM receiver frequencies may fall. 
Note that the oscillator may be either above 
or below the station frequency, depending on 
the design of the particular receiver. 

All-wave receivers are likely to be harder 
to find, because the wide tuning range lets 
the interference fall almost anywhere. When 
the set is habitually used to cover a certain 
frequency certain hours each day, there is a 
better chance. 

In either case, the most effective measure 
is likely to be keeping the offending set as 
far from the TV set as possible, and reduc-
ing coupling between the respective anten-
nas and transmission lines or lead-ins to a 
minimum. Alternatively, keeping the interfer-
ing set tuned for no interference, or turned 
off is about the only remedy. Radiation in 
such cases is unfortunately more from the 
chassis itself than through the line and 
antenna. 

The matter of multipath FM reception has 
already been described, and there is little 
to be added. Whether the receiver affected is 
a television set or FM broadcast unit, about 
the only way to tackle the difficulty is to 
try reorienting or relocating the antenna, 
bearing in mind that small movements higher 
or lower may be more effective than any 
other measure. When a location and orienta-
tion has been found that gives a satisfactory 
result, the antenna must be carefully fas-
tened to prevent subsequent shifting, as the 
adjustment is frequently rather critical. Such 
trouble occurs a little more often in regions 
at some distance from the transmitters, 
where the surrounding terrain is rather rough. 
It is necessary in attempting to improve 
matters on one station to make tests on 
others to see that they are not suffering. 
Since the effect is due to reflected signal 
energy combining with the direct signal, 
anything that changes the reflection point or 
characteristic may make the condition better 
or worse. For this reason, it may be wise to 
explain this to the setowner, as marked 
changes in the weather will often cause the 

effect to change als-o, which may result in 
a useless service call. 

INTERFERENCE IN AM RADIOS 

42-6. Aside from the causes of interfer-
ence commonly encountered in AM sets, it is 
necessary to mention particularly interfer-
ence from harmonics of the horizontal sweep 
circuit of TV receivers. This circuit handles 
considerable power, and is very rich in 
harmonics of its 15,750-cycle frequency. As 
a result, " birdies" (clear, tunable hetero-
dyne whistles)may be heard in nearby broad-
cast receivers when the television set is 
operating. Such harmonics occur at whole-
number multiples of the 15.75 kc frequency 
throughout the broadcast band, and are 
strongest in the lower part. Tuning the AM 
set across the broadcast band while the TV 
set is on will usually find some spot on the 
dial where a birdie from the beat between 
the TV sweep harmonic and a broadcast 
station is audible. If in doubt, switching off 
the TV momentarily will settle the matter by 
causing the whistle to disappear. The most 
feasible cure is usually to find a way to get 
more signal from the broadcast station to the 

to the AM receiver, possibly by means of an 
outside antenna. The AM set can also be 
moved farther away from the television, or if 
it has a built-in loop antenna, it can fre-
quently be put in a position providing mini-
mum pickup of the offending birdie. Not 
much can be done in the television set, 
except to check the usefulness of a line 
filter between it and the wall socket. In 
some TV sets, this will help, because the 
harmonics are being coupled back through 
the power transformer. 

One other cause of such interfering 
whistles must be mentioned. Other AM 
radios, particularly small transformerless 
sets of the socalled a-c d-c type are also 
guilty of oscillator radiation, which can 
often cause interference in other nearby AM 
sets tuned to a station in the upper part of 
the broadcast band. A set of this sort tuned 
to 570 kc for instance will very likely have 
its oscillator operating about 455 to 465 kc 
above, depending on the maker's chosen i-f 
frequency, the condition of the set, and the 
accuracy with which the owner tunes it. If 
the i-f is 465 kc (a common choice) the 
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oscillator radiates 0n 1035 kc, which makes 
a 5000-cycle whistle in any nearby receiver 
tuned to a station on 1030 or 1040 kc. Not 
much can be done to correct this, except by 
trying to orient the AM set for minimum pick-
up of the interfering oscillator radiation. 

One other source of interference in AM 

sets is what is called tunable hum. This is 
actually cross-modulation of an r-f carrier by 
an r-f carrier by 60 or 120-cycle hum from 
the power line. It can occur in low-priced 
sets of the a-c d-c type rather easily, be-
cause r-f carriers of all sorts are present on 
the power line, which acts as a giant 
antenna, and these signals reach the recti-
fiers of such sets more or less directly, 
where cross-modulation takes place. Of 
course there are electrolytic filter conden-

sers following the rectifier, but these are 
rather poor filters at r- f, and frequently 
these 60 or 120-cycle modulated carriers 
show up in the tuning range of the AM set. 
In transformerless sets, shunting small mica 
or paper caps across the electrolytics may 
help, or putting one from the hot side of the 
a-c line to ground may do the trick. In all 
such tests, it is imperative to use a capaci-
tor of ample voltage rating, at least 400, and 
preferably 600 volts for permanent 
installation. 

This difficulty can also occur in sets 
having transformer-type power supplies, as 
is generally the case with AM tuners used 
in many console receiver combinations. 
The same remedies will often suffice,and 
and should be tried where practicable. 
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MULT I METERS 

43-1. — A multimeter is simply a case 
containing a D'Arsonva 1 meter movement 
and various associated circuits which 
can be switched into operation by selec-
tor switches. A common combination is a 
meter that will measure d-c voltages, d-c 
currents, resistances, and low-frequency 
a-c voltages. The Simpson Mode1260 Mul-
timeter, or " Voltohmmeter" is a typical 
instrument of this type. It is shown in 
Fig. 43-1. This meter has a sensitivity 
of 20,000 ohms per volt, which is ade-
quate for at least rough voltage measure-
ments and troubleshooting in the field. 

The complete schematic diagram of 
this meter is shown in Fig. 43-2. This 
meter will be described here as an ex-
ample of a typical multimeter but there 
are many other similar types that have the 
same applications. 
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indicated on the diagram as deck 1, deck 
2, deck 3 and deck 4. They are ganged 
together so that one knob turns all four. 

D-C Voltmeter Circuit.— The d-c volt-
meter circuit of the multimeter is shown 
in Fig. 43-3. 
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15 ME6 4 MEG 800K 150 K 48K 
50 V 

250V 10V 

R 20 

80 MEG 

5000y d-c 

DECK 3 

POS 

Fig. 43-3 

NEG 

For each of the d-c voltage ranges 
2.5, 10, 50, 250 and 1,000 volts, the ter-
minals marked POS and NEG are used; 
switching is accomplished by the selec-
tor switch. An additional range, to 5,000 
volts, is provided by a separate positive 
terminal, in series with which is a mul-
tiplier resistance of 80 megohms. In trac-
ing the circuit, remember that the four 
decks of the switch move together. 

A-C Voltmeter Circuit. — The essen-
tials of the a-c circuit are shown in Fig. 
43-4. The DC-AC OUTPUT switch must 
be set in the AC position. Starting from 

R9 RI3 R 7 

5000V 0-C POS 

Fig. 43-4 

R 6 R 23 

NEO 

the POS terminal, we can trace the cir-
cuit through the left half of the DC-AC 
switch, through deck 2, to the multiplier 
resistances. 

With the selector switch set for the 
high range, the entire multiplier resis-
tance is included in the circuit, and pro-
gressively less of it as the range is re-
duced. Tracing further, we find the rec-
tifier, then the meter, and the NEG ter-
minal. 

The two rectifiers labelled 1 and 2 in 
the figure. are , used for a-c rectification. 
Note that on the positive half-cycle ( when 
the POS terminal is positive), current 
flows through rectifier / and the meter. 
Qn the negative half-cycle, current by-
passes the meter and flows through rec-
tifier 2 and the multipliers as shown. 

(The reason for this circuit will be given 
later). Half-wave rectification is thus ef-
fected. R25 and R24 are precision resis-
tors inserted for initial calibration pur-
poses. 

By using the AC 5000V terminal ins-
tead of the POS terminal, an additional 
voltage range is obtained. Note that the 
multiplier resistances used in this circuit 
are different from those used in the d-c 
voltmeter circuit. En the a-c circuit, both 
the series and shunt calibrating resistbrs 
affect the multiplier values requited. 

-F Output Meter. — It is often neces-
sary in audio work to measure the a-c 
Component of the voltage across an amp-
lifier load. An ordinary a-c voltmeter will 
not do for this purpose, because there is 
also a substantial d-c voltage across the 
load. For such measurements an output 
meter is required; 

In this meter, the OUTPUT position 
on the DC-AC-OUTPUT switch places a 
0.1 mf capacitor in series with the POS 
terminal. Thus, any d-c component in the 
applied voltage appears across this ca-
pacitor, and does not reach the meter. 

With this circuit, a simple series rec-
tifier such as the one previously discus-
sed would not work. The first negative 
half-cycle would flow through the meter, 
charging the series capacitor. But the 
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charge could not Hose back through the 
rectifier in the opposite direction, so no 
more current would flow through the 
meter. However, by using two rectifiers 
connected as shown in the diagram, all 
the negative half-cycles flow through the 
meter, and the capacitor discharges a-
round the meter during the positive half-

cycles. Except for the elimination of the 
5,000-volt range, and the addition of the 
series capacitor, the output circuit is 
the same as that for the a-c voltmeter cir-
cuit. 

At low audio frequencies, and parti-
cularly on the low voltage ranges, the re-
actance of the blocking capacitor causes 
a large error. At 60 cycles, the capaci-
tative reactance is 26,500 ohms. The 
total multiplier resistance forthe 2.5 volt 
range is 2,500 ohms. The total impedance 
effective in reducing the voltage across 

the meter is /26,5002 + 2,5002 or 26,618 
ohms. 

However, at higher frequencies the re-
actance goes down, and at higher voltage 
ranges the multiplier resistance goes up. 
Thus at 600 cycles, Xc is 2,650 ohms, 
and on the 50-volt range, R is 50,000 
ohms. The impedance of the combination 
is within less than 1 percent of 50,000 
ohms. 

Volume-Level Meter. — In some types 
of audio work a-c voltages often are read 
in decibels (db). An additional scale on 
the Simpson meter makes possible direct 
readings of decibels. Used in this way, 
the meter is referred to as a db meter or 
volume level meter. No new circuits are 
involved; the only difference is the unit 
in which the measurement is made. Cor-
rections must be made according to the 
-resistance across which the measurement 
is made. This will be discussed further 
when we cover the db scale in a vacuum-
tube voltmeter. 

D-C Ohmmeter Circuit. — A simplified 
diagram of the ohmmeter circuit is shown 
in Fig. 43-5. 

The circuit can be traced as follows: 
from the POS terminal through the DC-AC-
OUTPUT switch ( in the DC position) and 
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deck 3 to a 1.5-volt battery. This con-
nects with a network of resistors across 
which the meter is connected. Deck / of 
the selector switch places a small resis-
tance in shunt with the meter, and large 
resistances (including the ZERO ADJ 
rheostat) in series with it, for the low re-
sistance range. For the higher ranges, 
the selector increases the shunt resis-
tance and reduces the series resistance. 
For the R x 10,000 range, an additional 
6-volt battery is switched into the circuit. 

A study of the diagram will indicate 
that this is a combination of the series 
and shunt ohmmeter circuits previously 
discussed. Note that the ZERO ADJ 
switch must be reset each time a differ-
ent ohmmeter range is used. 

D-C Ammeter Circuits. — The circuits 
for the ammeter or milliammeter and the 
microammeter ranges are shown in Fig. 

43-6. 

Notice that for all the current ranges 
except the 10-ampere range, the POS and 
NEG terminals are used. For the 10-am-
pere range a separate pair of terminals is 
provided. 

Simpson Meter Applications. — In ad-
dition to its advantages in television ser-
vicing, this meter is adaptable to many 
radio applications, for which a meter of 
lower sensitivity would be unsuitable. 
Some of these are listed below: 

Measuring Grid Currents:The Model 260, with its 
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100-microampere scale, is sensitive enough to 
measure grid currents of many tubes. A readable 
value as low as 1 microampere can be obtained. 

FM Alignment: By reading the voltage across the 
grid resistor in a stase that draws grid current, 
a reading can be obtained that indicates the am-
plitude of the grid signal. 

A VC Diode Circuits: An ordinary low sensitivity 
meter cannot be used across an AVC network be-
cause low resistance alters the constants of the 
circuits. The Model 260, however, requires so 
little current that sufficient indication can be ob-
tained to determine if the AVC circuit is func-
tioning. 

High-Mu Plate Voltage : High-mu tubes require a 
high-resistance plate resistor. For this reason a 
low-resistance meter will not give a satisfactory 
recording. 

Bias of Power Detector: A power detector uses 
a high-resistance cathode resistor. A high-sensi-
tivity meter is essential for reading the bias vol-
tage on such a tube. 

Capacitor Tester: Capacitors can be roughly test-
ed for shorts and leakage, using the R x 10,000 
ohmmeter range. A shorted capacitor will cause 
a large deflection of the pointer, and a capacitor 
with high leakage will show a partial deflection. 
A further discussion of this last application is 
given in the Simpson meter manual, which points 
out that in checking electrolytic capacitors, spe-
cial caution must be taken to avoid applying the 
ohmmeter voltage to the capacitor with the wrong 
polarity. It also discusses a method of rough 
checking paper capacitors with the a-c voltmeter 
section of the meter. 

METER PRECAUTIONS 

43-2. Certain precautions must be ob-
served in using test instruments, if ac-
curate readings are to be obtained. The 
most important of these are: 

Selecting the Proper Scale. — When 
using any meter, it is essential to select 
the proper scale, to prevent burning out 
the coil or slamming the needle against 
the stop. Another good reason for this pre-
caution has to do with accuracy. We 
should select a range high enough to pre-
vent the needle from going off scale, and 
at the same time one which will give the 
greatest deflection of the needle. Suppose 
we measure 8 volts on the 0-10V range of 
a voltmeter. If the instrument has an ac-
curacy rating of 2 percent, the readings 
would be correct within . 2 volts. On the 
0-100V range, however, the reading would 
only be accurate within 2 volts, and for 
the 0-1000V range within only 20 volts --
in the last case, with a possible error 

larger than the voltage being measured! 

Selecting the proper scale is espe-
cially important when measuring resis-

tance. If a high resistance range is used 
to measure a small resistance, the meter 
will show practically no resistance, which 
might be interpreted as a short. Converse-
ly, if a low-resistance range is used to 
measure a high resistance (such as check-
ing a 1-megohm resistor on a 0-2000 ohm 
scale) the meter will indicate " infinity", 
as if the resistor were burnt out. 

When the value of the resistance is 
unknown, it is a good practice to check 
it on several ranges, to make sure of an 
accurate reading. 

Zeroing the Ohmmeter. — When making 
resistance measurements, it is important 
that the meter,be " zeroed"; that the needle 
points to zero when the ends of the test 
leads are shorted. If the needle does not 
point to zero, the ohms adjust control 
(sometimes called the " zero ohms knob") 
must be turned until the needle does indi-
cate zero. This must be done for each re-
sistance range of the instrument before 
the range is used. If it is necessary to 
switch from one scale to another, this 
zeroing process must be done for each 
change of scale . Failure to zero the ohm-
meter may result in large measuring errors. 

When it is no longer possible to bring 
the pointer to zero by the zero-ohms con-
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troI, the battery or batteries of the instru-
ment must be replaced. 

Before making any resistance measure-
ments in a circuit, be sure that the power 
to the circuit is turned off, or damage to 
the instrument may result. It is good prac-
tice to wait several minutes to permit 
large capacitors (especially in power sup-
ply filter circuits) to leak off their charge 
to ground. To make sure that no charge 
is left, a low resistance, say 50 ohms or 
so, can be connected across the capa-
citors for a few seconds. This will rapidly 
dissipate the stored charge and prevent 
damage to the ohmmeter. In multimeter 
type instruments, the range selector 
switch should never be left in a resis-
tance measurement position when the me-
ter is not in use, because the test leads 
may become shorted and run down the in-
ternal battery. 

Loading Effect of Meters. — Any volt-
meter, no matter what its sensitivity, will 
give a correct voltage reading when con-
nected directly across a low-resistance 
source, such as a battery. However, if 
the source has a high resistance, or the 
measurement must be made across one of 
two or more high resistances in series, 
the sensitivity of the meter will greatly 
influence the reading. If a low-sensitivity 
meter is used, extremely large errors will 
result. This is because the low resis-
tance of the meter reduces the effective 
resistance across which the voltage is to 
be measured, and thus reduces that vol-
tage. Another way of explaining this ac-
tion is to consider that if the meter re-
quires, for full-scale• deflection, a current 
comparable to that flowing in the circuit 
to be measured, it " steals" some of the 
current from the circuit. This is the cur-
rent which causes the potential difference 
across the resistor being measured, and 
thus the meter will give an incorrect read-
ing. This is known as the " loading ef-
fect" of the meter. 

To give correct readings, the meter 
must not be permitted to load the circuit 
under test, or otherwise disturb the cur-
rent and voltage conditions. Therefore, 
the meter must have a high sensitivity. 
The higher the resistance of the volt-

meter, as compared with the resistance 
across which the voltage is to be mea-
sured, the closer will be the reading to 
the correct value. To reduce the error 
to about 10%,the meter resistance should 
be at least 10 times the resistance across 
which the measurement is to be made. 

Thus, a 2000 ohms/volt meter, having 
a resistance of 400,000 ohms (on its 200 
volt scale) could be used with an accura-
cy of about ± 10% for measuring voltages 
across resistances of 40,000 ohms or 
less. A 20,000 ohms/volt meter, with a 
resistance of 4 megohmF would give a 
reading within about 1% across 40,000 
ohms. 

Frequency Characteristics of Meters. — 
The frequency characteristics of volt-

meters differ widely, and can be extreme-
ly troublesome at the high frequencies 
encountered in television work. Recti-
fier meters designed for use at low fre-
quencies are accurate only within a cer-
tain range. At higher frequencies, two 
factors contribute to reduced accuracy. 
The shunt capacity between the test leads 
tends to reduce the a-c voltage applied to 
the rectifier, as well as to detune reso-
nant circuits across which the meter is 
applied. Also, the rectifier itself acts as 
a capacitor, and current tends to flow 
through the meter in both directions as the 
capacitative reactance of the rectifier 
falls off with increasing frequency. The 
meter response then approaches that of a 
simple d-c meter in an a-c circuit, which 
is zero. At high frequencies,therefore, the 
reading of the meter will be substantially 
less than the true value. This is parti-
cularly true of meters using copper-oxide 
or similar plate-type rectifiers. 

High Voltage Precautions. — In tele-
vision servicing, high-voltage measure-
ments often are necessary. A few simple 
rules will prevent needless accidents. 
Keep dry and stand on insulated flooring 
when making measurements. Use an alli-
gator or other clip-type lead for ground, 
so that only one hand is needed to hold 
the high-voltage prod. Keep fingers well 
away from the uninsulated portion of the 
prod. Do not connect the meter ground to 
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a high-voltage point. In some cases, the 
potentials may be injurious or fatal. 

VACUUM- TUBE VOLTMETERS 

43-3. We have seen that for measuring 
voltage drops across high resistances, a 
high-sensitivity meter is needed. High 
sensitivity implies high input resistance. 
But the input resistance is limited by the 
sensitivity of the movement itself. How-
ever,we can increase the input resistance 
of the meter by the use of a vacuum-tube 
circuit. 

Suppose we put a milliamrreter in the 
plate circuit of a triode, as shown in Fig. 
43-7. 

Fig. 43-7 

The triode is biased to cut-off, so 
that with zero voltage applied to terminals 
1 and 2, the plate current is zero. But a 
voltage applied to these terminals will 
cause plate current to flow, and the mil-
liammeter can be calibrated directly in 
terms of the input voltage. 

If the tube's transfer characteristic is 
reasonably linear, and a sine-wave a-c 
voltage is applied to terminals 1 and 2, 
the meter readings will be nearly propor-
tional to the amplitude of the applied 
voltage. Under these conditions the cir-
cuit is that of a plate detector. 

There are hundreds of possible d-c va-
cuum-tube voltmeter circuits, all of which 
operate on the principle of measuring the 
current in one part of the vacuum-tube 
circuit in terms of a voltage applied to 
another part. 

The RCA Voltohmyst, a typical meter 
of this kind, uses the balanced-bridge cir-
cuit. 

Balanced Bridge Circuit. — The es-
sentials of a balanced bridge circuit are 
shown in Fig. 43-8. 

F ig. 43-8 

Variable resistor R5 makes it possible 
to obtain a zero reading on the meter 
even if tubes Viand V2 are not identi-
cal. With resistors R3 and R4, either of 
which can be switched into the circuit 
by switch S, the circuit is further balan-
ced, so that a voltage applied to the grid 
of V1 will draw exactly as much plate 
current as the same voltage applied to 
the grid of V2 -- even though the charac-
teristics of the tubes differ slightly. 

Since the voltage across the bridge is 
the plate supply for both tubes, a vol-
tage applied to the grid of either tube 
will cause the tube to draw current, and 
the bridge will become unbalanced. Some 
of this current must come through the 
meter, which will indicate a reading. The 
circuit will measure either positive or 
negative d-c voltages with respect to the 
ground point of the meter. 

We can extend the range of the volt-
meter by inserting a voltage divider be-
tween the input terminals and ground, 
making the divider resistance high enough 
that it will be higher.than.any resistance 
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across which we may want to measure a 
voltage. 

The Diode Probe. — A peak-reading 
meter usually consists of a d-c vacuum-
tube voltmeter of high input resistance, 
equipped with a diode probe. 

The function of the diode probe is to 
overcome the drooping frequency charac-
teristics of most a-c meters at high fre-
quencies, caused by the rectifier acting 
as a capacitor and passing current in both 
directions, the shunt capacities of leads 
and wiring, etc. 

To partly overcome the first problem, 
we can use a diode instead of a plate-
type rectifier. Shunt capacities can only 
be reduced, however, by effecting recti-
fication at the point where the a-c voltage 
is to be measured. Then the leads carry 
only d-c, and the effect of the capacity 
between them is practically zero. 

This can be done by using a test 
probe which has a small diode rectifier 
in its handle. The construction of a typi-
cal diode probe is shown in Fig. 43-9. 

stand-off ground 
insulator terminal 

F ig. 43-9 

The prod is connected in series with 
a capacitor of about 500 mmf and a 5-me-
gohm resistor. A miniature diode is shunt-
ed across the circuit. These three compo-
nents are enclosed within a metal shell, 
to which the ground lead is connected. 
The probe cable also carries the heater 
supply for the diode. Special insulating 

materials such as polystyrene, whose pow-
er factor is substantially undimished at 

ultra-high frequencies, are' used at criti-
cal points. 

Fig. .4-10 is the equivalent circuit of 

a typical probe. 

F ig. 43-10 

This is the familiar clamper-circuit 
which is the basis of the d-c restorer in 

the television receiver. 

R in is the input resistance of the d-c 
vacuum-tube voltmeter with which the 
probe is used. Its value will usually ex-
ceed 10 megohms, which is the same on 
all scales. 

On the positive half-cycle, the poten-
tial of terminal 1 rises with respect to 
terminal 2. Because the voltage across 
the capacitor cannot change instanta-
neously, the diode plaçe also goes posi-
tive. The diode therefore conducts, charg-
ing the capacitor to the positive peak-
voltage. When terminal 1 goes negative 
with respect to terminal 2, the diode plate 
also goes negative and cannot conduct. 
The capacitor cannot discharge through 
the rest of the circuit, due to its time 
constant, and retains all but a tiny frac7 
tion of its charge until the next positive 
half-cycle recharges it fully. 

The capacitor acts like a battery, with 
a voltage equal to the positive peak of 
th r-f voltage. This d-c voltage, less the 
drop in the 5-megohm resistor, is applied 
to the meter, with the meter input terminal 
negative with respect to ground. Mean-
while, r-f current flows for only a small 
fraction of each positive half-cycle, just 
long enough to replace the charge which 
has leaked off the capacitor. This r-f cur-

rent drain is so small that the probe may 
be considered to present an infinite im-
pedance to the r-f. 

Shunt capacities of the probe aeries 
the r-f source may be limited to 3 or 4 
mmf by proper probe design. This is not 
enough to detune even a high-frequency 
resonant circuit appreciably. 
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is used for thousands of ohms, not 
megohms. 

The meter, of course, must be cali-
brated for use with the probe. This cali-
bration is usually done in terms of the 
rms value of a sine wave a-c input. From 
this, the peak value may be computed 
easily by multiplying the reading by 1.414. 
But notice that the reading depends only 
on the positive peak value of the input. 
If the input is not a sine wave, the same 
multiplying factor may be applied to find 
its positive peak value. 

The RCA Voltohmyst, Type 195-A. — 
The vacuum-tube voltmeter is largely a 
bench instrument, seldom taken out of 
the shop. It is highly accurate for mea-
suring d-c voltages and resistances over 
a wide range, as well as a-c sine wave 
voltages in the audio frequency range. 
With the addition of a diode or crystal 
probe, it can be used for r-f voltage mea-
surement; in this application it is a 
peak reading meter. 

Figure 43-11 shows the RCA Volto-
hmyst, model 195-A. The complete sche-
matic is given in Fig. 43-12. 
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The Vacuum-Tube Bridge. — The two 
pentodes V1 and V2, operating as triodes, 
are the vacuum-tube arms of the bridge. 
They are operated at less than the rated 
heater voltage of 5.7 volts to insure lon-
ger life. This low heater voltage is per-
missible because of the small plate cur-
rent required -- 500 microamperes at zero 
signal voltage. This in turn permits a 
plate supply voltage of only 86 volts. 

The plate voltage comes from a con-
ventional power supply containing a trans-
former, full-wave diode rectifier and fil-
ter, as shown in the diagram. 

R9, R8 and R7 correspond to R1, R2 
and R5 of Fig. 43-8. Cathode bias resis-
tors R5 and R4, and the common cathode 

resistors, R6, have been added. 

Suppose a positive voltage is applied 
to the grid of Vi. Its plate current will 
increase, but this plate current flows 
through both R5 and R6, and the voltage 
drop across both of these resistors will 
increase. Since the low end of R6 is at a 
fixed potential determined by the power 
supply, and the V2 grid is at ground po-
tential, the increased drop across R6 has 
the effect of raising the potential of the 
V2 cathode with respect to its grid, thus 
decreasing the V2 plate current. This in 
turn increases the potential across the 
meter, aiding the V1 grid voltage in its 
effect on the meter deflection. 

R6 has another function. If its value 
is high, the operating plate current of 500 
microamperes is determined almost entire-
ly by R6 and the grid-bias voltage. If the 
drop across R6 c-a.used by 500 microam-
peres is the same as the grid bias, the 
operating plate current of 500 microam-
peres is maintained regardless of fluc-
tuations in the line voltage. Hence no vol-
tage regulating system is needed in the 
power supply. 

Of the four calibrating resistors in 
series with the movement (R 10, R 11, R12 
and R13), three do not need adjustment 
each time the meter is used. All but the 
OHMS ADJ are located on the chassis, 
inside the meter case, and only need ad-
justment occasionally. The same is true 
of the AC BAL. adjustment, R18. Instruc-

tions for occasional calibration adjust-
ments are given in the Voltohmyst ins-
truction manual. 

In using any vacuum-tube voltmeter, 
you should allow the meter to warm up 
for 10 or 15 minutes before making any 
adjustments or readings. Otherwise, ac-
curacy may be lost. 

D-C Voltmeter Circuit. — Let us exa-
mine the d-c voltmeter circuit. There 
are two selector switches, Si and S2, one 
with four decks of contacts, and one with 
six, ganged together. In tracing through 
any circuit, note the position of each 
deck.S1 is a range switch,S2 is the func-
tion selector. With the switches set for 
plus volts, and the 10-volt range, the ac-
tive circuits are shown in Fig. 43-13. 
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4 MEG ground 

+ V 

52E +V S2C 

o 
-v ooff 

R 24 

6V 
10V 

S1A  

R25 

i,50 V 

1)100 V 

1000 V 500 V 
• 1 

R26 

R27 

R28 

R29 

to v 
?—itgrid 

=•• 

+V 528 

-V fO 
•-0 grid 

Fig. 43 -13 
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Six ranges are available -- 0 to 5, 10, 
50, 100, 500, and 1000 volts. Notice that 
the six resistors R24 through R29 form a 
voltage divider; they are not series mul-
tipliers. The voltage to be measured is 
impressed across the entire six resis-
tors, and a portion of this voltage applied 
to the grid V1, biasing it positive with 
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respect to ground -- a large part of it for 
the low ranges, a much smaller part for 
the high ranges. Between the input lead 
and the function switch is a total of 4 
megohms, which does act as a series mul-
tiplier. The total input resistance is that 
of the voltage divider, plus the 4 megohms 
-- a total of 9 megohms. An additional 1 
megohm is included in the d-c probe as 
a shielded isolating resistor, making a 
total input resistance of 10 megohms. 

High-Voltage Probe. — For television 
use, the d-c ranges available on the Vol-
tohmyst are adequate for all measurements 
except one -- the second anode voltage 
on the picture tube of a television re-
ceiver. This voltage may be as high as 
16,000 volts on some sets, and its mea-
surement requires a special high-voltage 
probe. This probe is not part of the stan-
dard Voltohmyst, but is made specially 
(by RCA Service Company) for this pur-
pose. It is a long polystyrene tube con-
taining nine 110-megohm resistors, which 
absorb most of the high voltage and pre-
vent undue loading of the receiver c'ir-
cuit. The resistance in the probe, plus 
the 10 megohms of the vacuum-tube volt-
meter, makes a total of 1,000 megohms. 
Probe and meter act as a voltage divider 
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of 99-1 ratio, so only 1/100 of the applied 
voltage appears across the meter termi-
nals. 

A-C Voltmeter Circuits. — Now let us 
look at the a-c voltmeter section of the 
meter, which is shown in Fig. 43-14. 

A separate probe and terminal are 
used. rite a-c input is applied across a 
voltage divider, R21, R22 and R23, having 
a total resistance of 1.705 megohms. For 
the lower ranges, the entire input voltage 
is applied to the double diode rectifier 
V4 through a blocking capacitor, C4. For 
the 500 and 1000-volt ranges, only a part 
of the input voltage is applied to the rec-
tifier. 

The rectifier circuit is similar in prin-
ciple to the Simpson meter described pre-
viously, except that here a double diode 
is used instead of copper-oxide recti-
fiers. The rectified voltage is developed 
on the negative half-cycle of the input 
when Capacitor C4 discharges through 
the load resistor, R16, R17 and R18, and 
the lowerhalf of V4. The R19 and C5 com-
bination is an RC filter to smooth out the 
ripple in the rectifier output. The filtered 
and rectified voltage is applied to the 
same voltage divider that serves the d-c 

Fig. 43-14 
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section. Through S1B, all or part of this 
negative d-c voltage is applied to the V2 
grid. Notice that blocking capacitor C4 
permits the meter to measure the a-c com-
ponent of a voltage containing d-c, with-
out the d-c component affecting the read-
ing. Also, the relatively large value of 
C4 reduces the error at low frequencies 
caused by the variation of the series re-
actance with frequency. 

Measurement of a-c voltages in ex-
cess of 100 volts is seldom required, ex-
cept at power-line frequencies. Therefore 
the meter is calibrated to give correct 
readings on the 500 and 1,000-volt ranges 
at 60 cycles, and on the lower ranges at 
all audio frequencies. Capacitive effects 
in the rectifier are substantially prevented 
by using a double diode rectifier instead 
of a plate type (copper-oxide) rectifier. 
Hence the meter response is reasonably 
constant throughout the audio frequency 
range. However, it is calibrated to read 
correctly only for sine-wave voltages, 
with .or without a d-c component. It will 
not give true readings for other wave 
shapes. 

The sensitivity of the meter for a-c is 
much less than for d-c, because of the 
lower value of the a-c input resistance. 
This input resistance is not the resis-
tance of the 1.705-megohm voltage divi-
der, but the resistance in shunt with two 
others -- the rectifier load (half of the 
R16, R17, R18 combination) and the d-c 
voltage divider. The resultant input re-
sistance is about 200,000 ohms. Thus, 
the Voltohmyst can be considered a high-
sensitivity meter only for d-c. 

Note that for both a-c and d-c, the in-
put resistance is the same for all ranges, 
unlike meters using series multipliers. 
Therefore the greatest sensitivity is on 
the lower voltage ranges, varying (for d-c) 
from 2,000,000 ohms per volt on the 5-
volt range, to 10,000 ohms per volt on the 
1000-volt range. 

This variation of sensitivity is a cha-
racteristic of vacuum-tube voltmeters em-
ploying voltage dividers. A compensating 
advantage in the Voltohmyst is that the 
operation of the bridge circuit makes it 

impossible to burn out the meter due to 
overloading. The voltage divider may be 
overloaded, but this will not develop 
enough potential across the meter to da-
mage it. 

Resistor R18, marked "AC BAL." 
(balancer) in Fig. 43-12, is a semi- perma-
nent adjustment to set the needle to zero 
when the function switch is on AC and no 
input voltage is applied. 

D-C Ohmmeter Circuits. — Referring 
back to Fig. 43-12, suppose we trace the 
ohmmeter circuits. Note that the a-c test 
lead and input terminal are used for re-
sistance measurement, not the d-c ter-
minal. With the selector switches set for 
the R x 1 range, we trace from the ter-
minal through S2F and Sib to a 9.5 ohm 
resistor R35, and through it to the plus 
terminal of a 3-volt battery (two 1.5 volt 
cells in series) whose negative terminal 
is grounded. 

Connecting the a-c and ground leads 
across a resistor to be measured closes 
the circuit, and a current flows through 
the 9.5-ohm resistor. The grid-cathode 
circuit of V1 is effectively shunted across 
this resistor and the battery. The battery 
voltage, less the drop across the 9.5 
ohms, is applied as a positive bias to the 
V1 grid, deflecting the meter. 

When a resistance is connected be-
tween the leads, the higher the resis-
tance, the less the current through R35; 
therefore the greater the positive bias 
applied to the V1 grid, and the more the 
meter deflection. 

When the range switch is set for a 
higher range, the battery current flows 
through additional resistors in the group 
R30 to R35. Their values are so chosen 
that, for example, a 5,000-ohm resistor 
in the R x 10 circuit will produce the 
same bias on V1 as a 50-ohm resistor in 
the R x 1 circuit. When using the higher 
ranges, therefore, we must multiply the 
meter reading by the multiplying factor of 
the scale. Thus, in the above example, 
we would read 50 ohms; multiply it by 

100, and get 5,000 ohms, the value we are 
measuring. 
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Several precautions should be observed 
in the use of the ohmmeter section. First, 
always make sure there is no voltage a-
cross the resistance to be measured, or 
between either of its ends and ground. 
Such a voltage would cause an entirely 
false reading. Second, the OHMS ADJ knob 
should be adjusted before making a resis-
tance measurement, so that the needle 
comes up to the last line of the resistance 
scale when the leads are open. The meter 
is then ready for resistance measurement 
on any resistance range. However, some 
error is introduced by the resistance of 
the leads when very small resistances 
(under 2 ohms) are to be measured. This 
may be cancelled by first shorting the 
leads, and bringing the needle to zero by 
means of the ZERO ADJ. knob. For all 
other applications, this adjustment is 
made before using the meter, but with the 
leads open, power on, and selector switch 
on ¡volts. After a set of resistance mea-
surements has been completed, the meter 
should be " zeroed" in this way so it will 
be ready for other use. The two methods 
do not place the needle at quite the same 
point on the scale for a given setting of 
the knob. 

Third, note that the meter applies up 
to 3 volts across the resistor under test. 
Therefore, there is a possibility of burn-
ing out a small resistance such as alow-
voltage tube filament. This may be pre-
vented by using the R x 10 scale, or in-
serting a 10-ohm resistor in series with 
the filament. 

Fourth, in measuring very high resis-
tances (especially on the two highest 
scales), be very careful to keep your fin-
gers away from the probe tips. Otherwise, 
leakage of current through your body can 
cause faulty readings. 

The ohmmeter batteries, like all dry 
cells, have limited life, and must occa-
sionally be checked. If their voltage drops 
too low, the meter will read incorrectly, 
especially on low resistances. 

The Decibel Scale. — The Voltohmyst 
has a decibel scale, on which db read-
ings may be read directly. 

Although a voltmeter is used to take 

db measurements, the decibel itself is a 
logarithmic unit of power ratio. The num-
ber of decibels gain or loss is defined by 
the equation: 

N = 10 log io Pp2i 

Suppose 0.5 watt of a-c power is fed 
into an amplifier, and 2 watts is developed 
across the load. The power ratio is 2/0.5 
= 4. Then we would say that the amplifier 
gain, in db, is 

N = 10 log 10 4 = 10 x 0.6 = 6db 

Now, since power can be expressed as 
E2/R, the decibel equationcan be written: 

N = 10 I og 
lo 

E 2 R 
2 1 

E 2 R 
1 2 

E 

= 10 log i 

)2 

E 
+ 10 log 10 

= 20 
E 
2 

log + 
1 0 E 

1 

10 1 og 
lo 

1 

2 

2 

Thus the decibel gain depends on the 
voltage across the input and output as 
well as their resistances. If the resistan-
ces are equal, the second term of the e-
quation becomes zero, and the gain can be 
measured with a volt-meter calibrated di-
rectly in decibels. If the resistances are 
unequal, we can get the correct reading 
by adding or subtracting ten times the lo-
garithm of the resistance ratio, to correct 
for the unequal resistors. 

Note that the decibel gain does not 
state the amount of power at either end of 
the amplifier, only the ratio of the two 
values. In order to state the absolute 
amount of power measured, we must adopt 
some convenient reference with which to 
compare each measurement, and calibrate 
our meter in accorandce with it. Three 
different reference levels are in use, but 
the one tending to become standard is one 
milliwatt in 600 ohms. This is the refer-
ence for which the Voltohmyst is cali-
brated. If the reference is P 1 in our first 
decibel equation, the input and output 
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measurements of our amplifier would be: 

Input: 

N = 10 log io p 

= 10 log i0 

2 

1 

0.5  = 10 log0.001 lo 500 

= 10 x 2.7 = 27db above reference 

Output: 

N = 10 log 10 
2 

2 
= 10 log   - 10 1 og 2000 10 1° 0.001  

= 10 x 3.3 = 33db above reference 

The decibel gain is then the difference 
between these two readings, or 33-27, 
which is 6 db.,as we previously calculat-
ed. If we measure the db gain across two 
equal resistances, we have merely to take 
the difference between the two readings. 

Since a definite amount of power in a 
specified resistance is adopted as a stan-
dard reference, we can state power levels 
in absolute terms. Thus when we read 
/27 db across 600 ohms, the power level 
measured is 27 db above one milliwatt. 

the reference level. If the power level 
measured is less than one milliwatt we 
would read minus db. Absolute db read-
ings therefore have meaning only as re-
ferred to the arbitrary reference level. 

When measuring the db level across a 
resistance other than 600 ohms, we can 
find the correct db level by adding a cor-
rection to the reading. This correct read-
ing is obtained by adding or subtracting 
ten times the logarithm of the resistance 
ratio, as previously discussed. 

The Voltohmyst manual furnishes 
easy-to-read graphs, on which the correc-
tion for resistance ratio may be read di-
rectly. If the measurement is made across 
a resistance greater than 600 ohms, sub-
tract the correction; if it is across less 
than 600 ohms, add the correction. 

The Voltohmyst manual contains com-
plete instructions for making all necessary 
corrections, including those required for 
use of the higher range voltage scales. 

S I GNAL GENERATORS 

43-4. In many servicing techniques, 
we need a source of signal voltage which 
can be applied to various parts of the 
receiver for test purposes. Basically, the 
devices which furnish this voltage are 
oscillators which generate sine waves, 
modulated or unmodulated, of known fre-
quency and amplitude. Signal generators 
vary in complexity from simple audio os-
cillators to television sweep generators. 

R-f Oscillators. — Basically, a sig-
nal generator consists of an oscillator, a 
means of controlling the frequency and 
magnitude of the output voltage, and pro-
vision for modulating the r-f signals. The 
oscillator can be of any type, and there 
are a wide variety of circuits, differing in 
frequency range, frequency stability, pu-
rity of the sine wave produced ( harmonics 
kept to a minimum), complexity of con-
trols, etc. Let us consider an electron-
coupled oscillator using a shunt-fed Hart-
ley circuit, shown in Fig. 43-15 with the 
corresponding front panel arrangement of 
the instrument. 

In this circuit, the screen grid serves 
as the plate of the oscillator part of the 
tube, and the feedback voltage is coupled 
to the tank circuit through the screen-grid 
capacitor C3. This voltage from the oscil-
lator is fed back to the grid circuit of the 
tube by inductive coupling in the tank 
circuit itself. 

The plate of the tube serves as the 
output electrode. The screen grid acts as 
effective ground for the oscillator signal 
voltage ( the screen grid capacitor is con-
nected to ground), and thus the plate is 
shielded from the oscillator section of the 
tube. This arrangement prevents the load 
impedance or other characteristics of the 
plate circuit from affecting the stability 
of the oscillator. Because the plate is 
kept at a higher voltage than the screen 
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grid, many electrons pass through the 
open mesh of the screen and are drawn to 
the plate. This electron flow varies in-
stantaneously with the oscillating screen 
current, and the oscillator energy is de-
livered to the output plate circuit by 
means of electron coupling. 

The frequency of the output can be 
varied by varying the setting of Cl ( turn-
ing the knob and moving the pointer 
across the calibrated dial on the front 
panel of the instrument) or by changing 
the inductance of Li (switching to differ-
ent bands on the dial). The output of the 
unit is varied by changing the setting of 
the potentiometer (turning the " output 
control" on the front panel). Note that a 
step down transformer, Ti, is used to pro-
vide a proper impedance match for the 
low impedance output cable. 

By adding an audio-frequency voltage 
from an audio oscillator to the screen 
grid of the r-f oscillator, we can audio-
modulate the r-f output. The audio voltage 
cciuld be provided by an internal audio 
oscillator, operating at a fixed frequency 
(400 cycles is a commonly used modulat-
ing frequency) incorporated in the instru-
ment itself, or from an external variable-
frequency or fixed-frequency audio oscil-
lator. 

Let us see what outputs can be ob-
tained from this type of signal generator. 
By connecting the output cable to the r-f 
terminal and turning the MOD switch to 
OFF, we get an unmodulated sine-wave 
r-f output the frequency of which depends 
on the dial setting and the position of the 
BAND Switch. By turning the MOD switch 
to INT we obtain 400-cycle amplitude-
modulated r4 signals in the output. By 
turning the MOD switch to EXT and con-
necting an external audio frequency oscil-
lator to the EXT AUDIO INPUT terminal, 
we can obtain r-f signals modulated by an 
external audio oscillator. Finally, by 
connecting the output cable to the AUDIO 
OUTPUT terminal we can obtain a 400-
cycle audio frequency output. 

Audio Oscillators. — Though not used 
extensively in television servicing, they 
have many useful applications, such as 
clleoking speaker and cabinet rattle at 
some resonant frequency, tracing the sig-
nal through the audio stages, tracing loss 
of signal fidelity, measuring audio fre-
quencies, and measuring audio-amplifier 
response. Also, in many signal genera-
tors, audio oscillators are used to modu-
late r-f oscillators. Two types of audio 
oscillators are common: the resistance-
tuned oscillator and the beat-frequency 
oscillator. 

In the resistance-tuned oscillator, the 
generated frequency is determined by a 
resistance-capacitance network which 
provides positive feedback coupling be-
tween the output and input of a resist-
ance-coupled amplifier. It can be made to 
generate a wide range of frequencies,from 
as low as 2 cycles to as high as 200,000 
cycles. A variable air capacitor can be 
used to give a 10:1 frequency ratio in a 
single range, and by means of a tap switch 
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to cut in different resistors in he fre-
quency determining circuit, several ranges 
can be provided. The output waveshape 
is very nearly a true sine wave ( harmonic 
content is only 1%), frequency stability 
is excellent, and the output amplitude is 
nearly constant over a wide range of 
frequencies. 

The beat frequency audio oscillator is 
an instrument in which two r-f oscillators 
are employed. The outputs are applied to 
a nonlinear impedance such as a detector, 
and the sum and difference frequencies 
which are generated appear in the output. 
The difference frequency is a heterodyne 
or " beat" frequency, and is in the audio 
range if the two r-f oscillator frequencies 
are correctly chosen. Thus, if one of the 
oscillators operates at 338,000 cycles, 
and the other at 338,100 cycles, the audio 
output will be the difference of the two 
frequencies or 100 cycles. With a circuit 
using the heterodyne principle it is pos-
sible to cover all audio frequencies with 
a single tuning control in one continuous 
stepless range. There is very little change 
in output voltage over the entire range, 
and the waveshape is a good sine wave 
(less than 3% distortion over the entire 
range). 

For checking the audio section of 
television receivers, the output of the 
audio oscillator is applied to the various 
stages of the audio amplifier, as shown 
in Fig. 43-16. The output signal then can 
be detected, audibly through the loud-
speaker, or visually by a scope or vacuum-
tube voltmeter. The audio signal can be 
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control 

input 
stage 

4 3 

 11. 

phase 
inverter 

applied to the grid of each stage in the 
audio section, working from the power out-
put stage toward the antenna, until a 
section is reached where no signal ap-
pears. The trouble is thus localized to 
that stage. 

By applying a constant level signal to 
the high end of the volume control, then 
varying the setting of the control, it is 
possible to check the operation of the 
control. 

Audio oscillators are easily connected 
to r-f signal generators for modulation of 
the r-f signals, since the input connection 
usually is marked AUDIO INPUT or EXT 
MOD. 

R-F Signal Generators.— A wide range 
of signal generators that produce oscilla-
tions in the radio frequency range are 
available. They vary in function accord-
ing to the frequency range they cover. An 
r-f signal generator with a range of 150 kc 
to 40 mc can cover all the i-f, r- f, and 
local oscillator frequencies encountered 
in a broadcast or " all wave" receiver. 
To include F-M receivers, the frequency 
range must extend from 4 mc to 108tnc, 
and for VHF television receivers up to 
about 240 mc. These higher frequencies 
are obtained by using harmonics of the 
fundamental frequencies generated in the 
oscillator of the instrument. 

Need for Modulation. — Since an r-f 
signal cannot be observed by such de-
vices as headphones, loudspeakers or 
output meters, it is desirable to modulate 
the r-f output of the signal generator. 
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This is usually provided for in the signal 
generator itself, by one or more audio 
frequencies or a variable-frequency audio 
oscillator. The modulated r-f signal, after 
passing through a detector, can then be 
observed. 

Calibration. — Any signal generator 
can be calibrated by comparison with an 
accurate standard, such as the signals 
transmitted by the National Bureau of 
Standards radio station WWV or by cali-
brated equipment in the shop. Since addi-
tional equipment may not always be avail-
able when needed, some signal generat ors 
have a calibrating device incorporated in 
the instrument in the form of a carefully 
calibrated crystal used as a part of an 
oscillator circuit. The harmonics of the 
crystal-controlled frequencies also can be 
used in this type of instrument, making 
available standards covering a wide fre-
quency range. 

Applications. — The r-f signal genera-
tor is an extremely versatile instrument. 
A relatively simple type, without a cali-
brating crystal, or frequency modulation, 
but with provisions for 400-cycle ampli-
tude modulation of r-f bands ranging up to 
about 130 mc, can be used for such tests 
and measurements as: ( 1) determining the 
constants of the antenna and transmission 
line; (2) checking tracking of the local 
oscillator in superheterodyne circuits; 
(3) r-f and i-f alignment; (4) sensitivity 
measurement and receiver selectivity; 
(5) checking receiver image-rejection 
ratios; (6) measuring signal-to-noise ra-
tios; ( 7) checking AVC characteristics of 

/st o-f o-f 
output 
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a receiver; ( 8) making stage-gain meas-
urements; (9) making audio fidelity and 
distortion measurements; and ( 10) signal 
tracing through all stages of a receiver. 

To show how the signal generator is 
used in practice, let us use the instrument 
in a signal-tracing check on the receiver 
shown in Fig. 43-17. This simple example 
illustrates the basic principles involved 
in signal tracing. First the instrument is 
turned on and allowed to warm up until 
the circuits become stable. At least five 
to ten minutes is desirable. With the sig-
nal generator set for a 400-cycle output 
and the output cable connected to the 
audio output terminal, we apply the output 
signal ta the grid of the audio output tube. 

If this stage of the receiver is normal the 
400-cycle signal should be heard in the 
*loudspeaker of the set. Next, with the 
signal generator set as before, we apply 
the signal to the first audio stage, and if 
there is no fault in this stage the 400-cy-
cle note again will be heard at the loud-
speaker. 

Now the r-f oscillator of the signal 
generator is tuned to a frequency of 455 
kc and the modulation selector switch 
turned to the INT MOD position, produc-
ing an amplitude modulated r-f signal; 
455 kc modulated at 400 cycles. This 
corresponds to the receiver's i-f of 455 
kc. The r-f output cable is connected and 
this audio modulated r-f signal is applied 
to the grid of the detector tube. If the 
circuit is working properly, the detector 
should remove the r-f and permit the 400-
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cycle audio voltage to pass on to the 
loudspeaker. 

With these same settings on the signal 
generator, the audio-modulated r-f signal 
next is applied to the grid of the i-f tube 
and then the input side of the i-f trans-
former. Here again, if there are no faults 
in the circuit a 400-cycle note is heard 
at the loudspeaker. 

Before proceeding to the next stage 
the signal generator must be readjusted. 
Now it must take the place of a broadcast 
station, so we tune the instrument to a 
broadcast frequency, say 1000 kc and, as 
before, modulate this r-f signal with a 
400-cycle audio signal. This 400-cycle 
modulated 1,000 kc signal then is applied 
to the grid of the converter tube, and if 
nothing is wrong with the circuit, the 400 
cycle audio note is heard again. 

Finally, with the signal generator set 
as before, the 400-cycle modulated 1,000 
kc signal is applied to the antenna termi-
nal of the receiver and the audio note 
should be heard if the circuit is 
functioning. 

If at any point in this procedure the 
audio note is not heard, the trouble is in 
the stage where the audible signal failed 
to come through. Then after checking the 
tube in that stage, voltage and resistance 
measurements can be made to trace down 
the trouble. 

Note that the signal generator must be 
adjusted so that its frequency is correct 
for each circuit to be checked. 

Sweep Generators. — A signal genera-
tor that has provisions forfrequency modu-
lation of the r-f output is called a sweep 
generator, because the instantaneous fre-
quency continuously varies as it sweeps 
through a range of frequencies determined 
by the amount of frequency modulation. 
The r-f sweep generator can be used for 
visual alignment of receivers,and frequen-
cy response measurements. The amount of 
sweep width, which is equal to the band 
of frequencies produced in the FM output, 
must be a little wider than the bandwidth 
of the circuits being checked. For an AM 
Broadcast Band receiver the sweep width 
required is about 20 or 30 kc; for an FM 

Broadcast Band receiver the sweep width 
must be about 1 or 2 mc; for the picture 
stages in a TV receiver about 10 mc 
sweep width is needed. 

Fig. 43-18 

Simpson Model 415 Signal Generator. — 
A relatively simple and sturdy instrument 
providing amplitude modulation at a single 
frequency is the Simpson Model 415 Signal 
Generator shown in Fig. 43-18. This unit 
covers the frequency range between 75 kc 
and 65 mc on fundamental frequencies, 
and from 62 mc to 130 mc on second har-
monics. Provision is made for 400-cycle 
modulation of all these bands as well as 
a separate 400-cycle output. The r-f out-
put is controlled by means of a step at-
tenuator and can be varied from a few 
microvolts to about one volt. The audio 
signal is controlled by a separate control, 
which varies the signal available at the 
output jack from zero to about 9 volts, 
and at the same time controls the percent-
age of modulation of the r-f oscillator. 
An external audio signal also can be used 
for modulation if desired. 

The circuit diagram of this instrument 
is shown in Fig. 43-19. 

The functions of the various tubes are 
as follows: vi is a full wave rectifier 
which supplies the other tubes with their 
screen and plate voltages; V2 is the r-f 
oscillator, the output of which can be 
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amplitude modulated by the output of V3, 
the audio oscillator; V4 is an audio am-
plifier for externally applied audio signa ls. 

With the signal selector switch (on the 
left side of the panel shown on Fig. 43-18) 
in the AUD position, the jack on the lower 
left corner of the panel becomes the 
source of a 400-cycle signal which can 
be used for testing purposes or for modu-
lating another signal generator. When the 
signal selector switch is in the EXT posi-
tion, this same jack is used as the input 
point for an external modulation oscilla-
tor. The jack at the lower right is the r-f 
output jack, through which the modulated 
or unmodulated r-f signals are obtained 
for checking various circuits. The r-f out-
put should not be connected directly to 
circuits carrying d- c, as there is no 
isolating capacitor in the output lead. 

Hickock Model 277X Universal Crystal 
Controlled Signal Generator. — An exam-
ple of a typical multipurpose signal gen-
erator is the Hickock Model 277X Univer-
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sal Crystal Controlled Signal Generator 
illustrated in Fig. 43-20. 

Fig. 43-20 

Outputs obtainable from this unit include: 
1. Unmodulated r-f, continuously variable from 100 Ice 

to 110 mc. 
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2. Amplitude-modulated r-f, at either 400 cycles, or 
from an external source. 

3. Frequency-modulated r-f 

(a) 100 kc to 110 mc center frequency range, 0-
30 kc sweep bandwidth, 60 cycle rate. 

(b) 150 kc to 160 mc range, 0-150 kc sweep, 400 
cycle rate. 

(c) 450 kc to 160 mc range, 0-450 kc sweep, 60 
cycle rate. 

(d) 50 mc center frequency, 0-15 kc sweep, rate 
determined by external modulating voltage. 

4. Audio frequency, fixed at 400 cycles. 

5. Audio frequency, continuously variable over 0-15 
kc range. 

6. Frequency-modulated audio, 0-150 kc sweep, 60 
cycle rate. 

7. Crystal control r-f, 100 kc or 1,000 kc, unmodu-
lated or amplitude modulated at 400 cycles. 

A block diagram of the instrument is 
shown in Fig. 43-21. The instrument con-
tains four separate oscillators, as fol-
lows: ( 1) the main variable r-f oscillator, 
V1, whose frequency is variable from 
100kc to 110 mc; (2) a fixed frequency 
oscillator V3, operating at either 1 mc or 
50 mc; (3) a fixed frequency oscillator 
v4, oscillating at either 400 cycles or 
160 kc; and (4) a crystal controlled oscil-
lator V2, whose output can be set at 
either 100 kc or 1,000 kc. 

The output of any one of these oscil-
Tators can be obtained from the output 
terminals. The real flexibility of the 
instruments, however, lies in the many 
ways in which the several outputs can be 
combined to obtain beat frequency out-

puts, modulated or unmodulated. The 
400-cycle output of V4 can be used to 
modulate V3, either AM or FM. The 
variable audio frequencies are obtained 
as the difference frequency between 
160 kc from v4 and the difference between 
V3 and Vi. For modulated r-f outputs, V3 
is modulated either by 400 cycles from 
v4 or by 60 cycles from the heater power 
supply, and this modulated r-f combined 
with the variable r-f from V1 to obtain a 
modulated difference frequency. Using the 
principles outlined above many other 
combinations are possible. 

The binding post at the extreme left 
of the front panel (at the bottom) is for 
connecting the ground to the signal gen-
erator. Next to it on the right is a pilot 
light, and to the right of that is an at-
tached shielded output cable, by means 
of which the output signal is fed to the 
various circuits being tested. The next 
two jacks are for connecting external 
modulation sources, the one on the left 
for amplitude modulation and the other 
for frequency modulation. The last two 
output connections provide a synchro-
nized sweep voltage for use with a cath-
ode-ray oscilloscope. One is a ground 
binding post, and the other is a jack 
from which is fed a 60 cycle voltage from 
the power supply of .the instrument to 
supply the horizontal sweep of the 
oscilloscope. 
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Crystal Calibrators.— The signal gen-
erator is a useful servicing tool, but its 
usefulness would be extremely limited if 
we had no means of checking the accu-
racy of its calibration. For this purpose 
we use a device known as a crystal cali-
brator. Basically, this instrument is an 
oscillator whose frequency output is con-
trolled by the action of a crystal. This 
action depends upon a property of the 
crystal known as the piezoelectric effect. 
Certain crystals (quartz, tourmaline, and 
Rochelle salt), when placed under a me-
chanical strain, develop an electrical dif-
ference of potential across opposite faces 
of the crystal; and conversely, when a 
voltage is applied across the crystal, the 
crystal will expand or contract. An alter-
nating voltage will cause the crystal to 
vibrate. 

The crystal has a natural frequency of 
vibration, determined by its thickness 
and the way in which it has been cut. If 
the frequency of the applied voltage is 
the same as that of the crystal the ampli-
tude of the vibration will be very large, 
just like the current in a series-resonant 
circuit to which a voltage of its resonant 
frequency has been applied. At constant 
temperature, a high-quality crystal will 
maintain an oscillation frequency varying 
less than one part in a million, thus this 
type of oscillator is very useful for cali-
brating signal generators. 

A typical crystal oscillator circuit is 
sho.viti in Fig.43-22.It is the circuit used 
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in the Hickock Model 277X Crystal-Con-
trolled Oscillator, whose general func-
tions we have discussed previously. Note 
that the circuit is similar to a tuned-grid-
tuned- plate oscillator, in which feedback 

coupling is effected through the plate-to-
grid interelectrode capacitance of the 
tube A special crystal is used, cut so 
that it will operate at two frequencies: 
100 kc and 1,000 kc. Inductance Li in 
the plate circuit is tapped so that the 
circuit can be tuned to resonance at 
either of these two frequencies. 

In addition to oscillating at the funda-
mental frequency for which it has been 
cut, a crystal has the property of being 
rich in harmonics of frequencies that are 
multiples of the fundamental. The second, 
third, and fourth harmonic (two, three, and 
four times the fundamental frequency) 
may be quite strong, and useful energy 
for calibration purposes can be obtained 
up to the thirtieth harmonic. This is ac-
complished by tuning the plate circuit to 
the harmonic frequency instead of the 
fundamental. The harmonic frequency 
will appear much amplified in the output. 
Note that in the circuit shown,the output 
is taken from the cathode circuit. If it 
were taken from the plate circuit, the 
selective effect of the tuned plate circuit 
would greatly attenuate the energy output 
of the harmonic frequencies. 

In some signal generators, the crystal 
calibrator oscillator is incorporated in 
the instrument, as in the Hickock Model 
277X. Many signal generators, however, 
do not have built-in calibrators and an 
external instrument must be used. A sig-
nal from the crystal-controlled oscillator 
is beat with that of the signal generator, 
and by a pair of earphones or a loud-
speaker, a zero beat can easily be de-
tected. Thus the dial calibrations of the 
signal generator can be checked. Another 
important use of crystal oscillators is 
that of functioning as marker generators 
for use with sweep generators in tele-
vision alighment work. These functions 
and others are combined in an instrument 
designed especially for television use, 
called the Television Calibrator. 

RCA Type WR-398 Television Cali-
brator. — The RCA type WR-39B Televi-
sion Calibrator, shown in Fig. 43-23, is 
a generator of crystal-calibrated marker 
frequencies. It is designed primarily to 
be used with a sweep generator and an 
oscilloscope to align television receivers. 
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This multipurpose unit is a crystal cali-
brated marker generator with dual markers 
for all television frequencies, a linearity-
pattern generator for making linearity 
adjustments, a 12-channel miniature tele-
vision re- broadcast transmitter, a hetero-
dyne frequency meter including an ampli-
fier and speaker, and a television and 
f-m signal generator operating on funda-
mental frequencies in all bands. 

It includes in the one instrument a 
variable frequency oscillator, three crys-

tals at 4.5 mc, 2.5 mc and . 25 mc, and an 

audio amplifier and speaker.The variable 
frequency oscillator has a range from 19 
to 110 mc in four bands, and from 170 mc 
to 240 mc in two bands. The two crystal-
controlled oscillators operating at 2.5 mc 
and . 25 mc are used to calibrate the vari-
able frequency oscillator. 

This is done by beating the crystal 
oscillator against the variable frequency 
oscillator and listening for zero beat from 
the internal loudspeaker. The beat marks 
can be heard every 2.5 mc or . 25 mc, de-
pending on which crystal is in use. The 
calibrated output can then be used as an 
accurate marker for visualresponse curv-
es obtained with a sweep generator. 

The 4.5 mc output can be used for 
alignment of intercarrier sound receivers. 

In addition to its function as a marker 
generator, the instrument can be used as 
a heterodyne frequency meter to identify 
unknown frequencies, and the loudspeaker 

or a suitable oscilloscope can be used 
as the indicator. The variable- frequency 
oscillator, when tuned to any television 
channel and modulated with the 0.25 mc 
crystal oscillator, will produce vertical 
bars on the picture tube raster; or when 
modulated by an external audio oscillator 
will generate horizontal bars on the pic-
ture tube raster for linearity adjustments 
in the absence of a test pattern. Another 
useful function of this instrument is that 
it can be modulated by the video signal 
from a television set tuned to any chan-
nel, and will retransmit the signal on any 
of the 12 channels to other receivers 
under test on the service bench. In this 
manner it can be used to check video 
reception on all 12 channels, using the 
signal from a normally operating set. 

At the lower left on the front panel is 
a ground binding post, and just to the 
right of it is an r-f input terminal to which 
an external r-f signal can be applied 
when the instrument is used as a hetero-
dyne frequency meter. The next jack is 
provided for the introduction of an exter-
nal modulating voltage of any frequency 
when modulation of the marker output is 
desired. The variable frequency r-f oscil-
lator output appears at the next jack, and 
a set of phones can be plugged into the 
following jack to supplement the front 
panel speaker when beat notes of very 
low volume must be heard. At the far low-
er right is a pilot light to indicate that 
the instrument is on. 

SWEEP GENERATORS 

43-5. Probably the most useful instru-
ment available to the serviceman for the 
alignment and general servicing of tele-
vision and FM receivers is the sweep 
generator. Used with a suitable oscillo-
scope and an accurately calibrated signal 
generator, the television sweep generator 
can provide a visual indication of the fre-
quency response of individual television 
circuits, with critical frequencies accu-
rately marked. By this means it is pos-
sible to perform with speed and accuracy 
such operations as r-f alignment, picture 
i-f alignment, adjustment of trap circuits, 
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adjustment of stagger-tuned systems, 
sound discriminator and sound channel 
alignment, oscillator alignment, and video 
amplifier tests. Other applications include 
FM receiver alignment, adjusting the ter-
minating impedance of a transmission line 
and measuring the impedance frequency 
characteristic of any network. 

Basically, a sweep generator is a sig-
nal generator in which the frequency is 
varied or swept over a band of frequen-
cies at a rapid race, usually 60 cycles or 
more per second. Its primary purpose is 
to furnish a graph of response versus 
frequency for some part of the receiver on 
the cathode-ray oscilloscope. It causes 
the horizontal displacement of the scope 
spot to be proportional to the instantane-
ous value of a variable frequency and the 
vertical displacement of the scope., spot 
to the response of the cire,uit'under test 
at each frequency period. 

Modern sweep generators furnish a 
frequency-modulated signal to cover each 
of the thirteen standard television chan-
nels, the picture i-f and sound i-f chan-
nels and the video channels. While the 
standard bandwidth of a television 
channel is 6 mc, for service use the 
sweep band of the sweep generator must 
be greater than this, and usually is 10 mc 
or more. 

Types of Sweep Generators. — There 
are two basic methods of frequency-
modulating a signal generator frequency 
to obtain the desired sweep signals. This 
can be accomplished by mechanical or 
electronic means. In the mechanical sys-
tem the frequency may be varied by means 
of a motor-driven variable capacitor in 
the oscillator circuit, or by a vibrator 
mechanism similar to the voice coil and 
magnet arrangement in a loud speaker, 
which is used to alter one or more fre-
quency controlling elements in the oscil-
lator circuit. 

The electronic system uses a reac-
tance-tube frequency-control circuit, 
similar to that used for automatic fre-
quency-control in some receiver circuits. 
A frequency-modulated oscillator, using 
either of these methods, can be used 
with a fixed-frequency oscillator to pro-
duce a frequency-modulated beat of a 

lower frequency at the output of a mixer 
tube. 

RCA Type WR-59A Television Sweep 
Generator.— An instrument which ob-
tains frequency-modulated sweep signals 
mechanically is the RCA Type WR-59A 
Television Sweep Generator shown in 
Fig. 43-24. It furnishes a frequency-mod-
ulated signal to cover each of the 13 

Fig. 43-24 

standard television channels, the picture 
i-f and sound i-f channels, and a video 
sweep frequency. Additional channels 
provide sweep signals for such ranges as 
the pre-war picture i-f channel, the F-M 
receiver i-f channel, and a spare covering 
the 25 mc to 40 mc range. The circuit 
diagram of the instrument is shown in 
Fig. 43-25. 

A precision-type vibrating capacitor is 
used to frequency-modulate the r-f signal. 
One set of capacitor plates is attached 
to a coil which vibrates in a magnetic 
field in accordance with the current 
through the coil. The principle is the 
same as that of the loudspeaker. As the 
vibrating capacitor plates move with re-
spect to the fixed plates, the capacitance 
value is varied at a rate determined by 
the coil current. The circuit simplicity 
and rugged construction result in a signal 
free from spurious responses and other 
frequency components often found in 
harmonic generators and beat frequency 
oscillators. 
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An additional feature of the instrument 
is a blanking circuit which produces a 
zero-reference line on the cathode-ray 
oscilloscope. This enables the point of 
zero signal from the sweep generator to 
be determined. The beseline is particu-
larly useful in aligning F-M discrimina-
tors and in checking the exact slope of 
a frequency response curve. 

Looking at the front panel of tne in-
strument shown in Fig. 43-24, at the low-
er left is a jack from which the i-f and 
video frequencies are obtained through a 
special output cable. If the oscilloscope 
being used, in conjunction with the sweep 
generator has no phase control for line 
frequency sweep, the next two terminals 
(SCOPE and GND) on the generator are 
connected to the horizontal input of the 
scope. The phase control is used to 
superimpose the forward and return trace 
so that they form a single response curve 
on the scope screen. The frequency-mod-
ulated r-f output is available on the jack 
on the far right, and the r-f cable should 
be terminated in 300 ohms, balanced to 
ground, or 150 ohms for either side to 
ground. A d-c blocking capacitor is neces-
sary in the output lead when the lead is 

connected across a point of d-c potential 
to prevent damage to the equipment. 

When the IF/VF selector switch is in 
the VIDEO 0-10 position, in addition to 
the video sweep signal of 0-10 mc, an 
absorption marker, tuned to 3 mc is in-
cluded in the circuit. This absorption 
marker is essentially a sharply tuned 
circuit, shunted across the circuit under 
test so that the signal at the marker fre-
quency is shorted out, producing a dip or 
notch in the response curve on the scope. 
This provides a convenient check point 
when analyzing video-amplifier circuits. 

Kay Electric Mega-Sweep Jr. Sweep 
Generator. — A rather special electronic 

method is used in the Kay Electric Mega-
Sweep Jr. Sweep Generator ( shown in 
Fig. 43-26) to obtain sweep signals. To 
obtain the r-f signals, the instrument 
makes use of the beat frequency principle 
with two ultra- high frequency klystron 
oscillators that operate in the microwave 
region at frequencies of the order of 
10,000 mc. Since it is the difference fre-
quency between the frequency outputs of 
the individual microwave oscillators that 
determines the beat frequency output, the 
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absolute frequency of the klvstron oscil-
lators is not important. What is important 
is that we can obtain a beat frequency 
output covering the enure frequency spec-
trum from 400 kc to 500 inc in one band; 
and by an additional adjustment, to in-
crease the output frequency to cover 
ranges up to 1,000 rrc. Thus this instru-
ment can cover all the frequencies en-
countered in present television receivers 
operating in the VHF channels, and in 
addition, those in the UHF ( ultra- high 
frequency) channels which soon will be 
of great importance in home receivers. 

In this instrument, one oscillator oper-

tixed 
frequency 
oscillator 

ates at a fhted frequency, while the other 
is tunable and frequency modulated or 
swept. The variable frequency oscillator 
is swept by a sawtooth voltage generated 
in the instrument, and this sawtooth volt-
age also is available at the output posts 
for deflection or synchronization of the 
cathode-ray oscilloscope. The sweep 
amplitude can be varied up to 30 mc. 
Controls are provided for setting each 
klystron oscillator to maximum output as 
indicated by the panel meter, for setting 
the center frequency of the variable oscil-
lator to the desired point, and for setting 
the frequency deviation and sweep rate 
by adjusting the sawtooth voltage ampli-
tude and frequency. A block diagram of 
the instrument is shown in Fig. 43-27. 

The outputs of the two oscillators are 
fed into wave guides, where they are 

mixed and detected by a crystal, and the 
difference frequencies applied to an out-
put connector on the instrument panel. 
An absorption-type microwave frequency 
meter indicates the output frequency by 
measuring the frequency of each klystron 
oscillator. A variable, broad- band micro-
wave attenuator adjusts the output level. 

Two output signals are available at 
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the two, jacks at the lower left on the 
instrument panel. The HIGH OUTPUT 
signal is furnished at an impedance level 
of about 50 ohms and a signal level of 
about 0.05V to 0.1V maximum over the 
entire frequency band. The LOW OUTPUT 
is furnished at a 300-ohm impedance 
level ( at the terminals of a standard twin-
lead cable) and a signal level of about 

2,000 microvolts. 

There are many other types of sweep 
generators on the market. Some do not 
have internal marker generators, and 
others have not only built-in variable-
frequency marker generators, but also pro-
visions for plugging in crystals, so that 
the serviceman may select the ones re-
quired for testing. These units vary in 
complexity and quality, but essentially 
they have the same function; that of pro-
viding a frequency-response curve to 
facilitate rapid circuit checking. 

The sweep generator is a key unit in 
the new servicing technique that has 
greatly simplified and speeded up the 
adjustment of complex electronic equip-
ment by a visual response indication of 
the operating characteristics of the vari-
ous circuits. The sweep generator, with 
the cathode-ray oscilloscope, the crystal 
calibrated marker generator, and the vac-
uum-tube voltmeter, form a test bench 
combination that can meet every type of 

television service need. 

ADDITIONAL TEST EQUIPMENT 

43-6. We have discussed several types 
of measuring devices necessary for proper 
television servicing. As has been men-
tioned before, the only instruments that 
are really essential . are the multimeter, 
a vacuum-tube voltmeter, a cathode-ray 
oscilloscope, a sweep generator and a 
calibrator. There are a few other testing 
units worth mentioning. 

The Grid-Dip Meter. — A handy in-
strument for pretuning coils and locating 
television interference sources is the 
grid-dip meter (so called because the 
meter is in the grid circuit of the oscil-

lator. 

Basically, the instrument is a low-
power oscillator, incorporating a meter 
which indicates rectified grid current. 
When checking the resonant frequency of 
a coil-capacitor combination, for example, 
the tank circuit of the instrument is cou-
pled to the circuit under test either 
directly or by a link. The oscillator fre-
quency then is adjusted until a sharp dip 
in grid current is indicated on the meter. 
The frequency of the oscillator (which can 
be indicated by the calibration on the 
variable capacitor dial) is then equal to 
the resonant frequency of the circuit 

being tested. 

The circuit diagram of a simple grid-
dip meter is shown in Fig. 43-28. By 
using a plug-in coil arrangement for L, 
a fairly wide range of frequencies can 
be covered. 

33 MMF 22K 

H ___._—s\AAi--•—o +100 V 

1/2 ) 6 J6 

33MMF )1  
001 

47K 
001 

.001 

Fig. 43-28 

o 
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The grid-dip meter also can be used 
as an unshielded signal generator . for 
preliminary rough alignment work, if its 
frequency range is high enough. 

It is also possible to use the grid-dip 
meter, in conjunction with a calibrated 
capacitor, to measure capacitance. In this 
application, a coil is connected across 
the calibrated capacitor and the resonant 
frequency of the circuit is checked with 
the grid-dip meter. With the meter set at 
this frequency, the unknown capacitance 
is connected in parallel with the cali-
brated capacitance. The latter is de-
creased until the circuit again resonates 
at the frequency set on the grid-dip meter. 
The amount by which the calibrated ca-
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pacitance has decreased is equal to the 
capacitance of the unknown capacitor. 

Capacitance Tester.— Another method 
of checking capacitance values is by 
means of a simple Wheatstone bridge 
arrangement, as shown in Fig. 43-29. 
Here a calibrated variable Capacitor Co 
and two resistors R1 and R2 are used. 

Fig. 43-29 

o 

(0) 

When an a-c voltage is applied to the 
circuit shown, and the calibrated capaci-
tor adjusted until no sound is heard in 
the phones, the unknown capacitor Cx is 
equal to ( R2/R1)Co. 

Capacitance testers that can measure 
power factor and leakage resistance are 
also available. Some types operate so 
that measurements can be made without 
any applied d-c voltage, and others permit 
measurements to be made with rated d-c 
voltage applied. 

Tube Testers. — In general, a tube-
testing device can only indicate a devia-
tion from the standard for a given tube. 
However, operating conditions may vary 
within wide limits, and it is therefore 
impossible to evaluate tubes in terms of 
performance capabilities for all applica-
tions. Actual operating test in a receiver 
will give the best possible indication of 
a tube's worth. 
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Bench Aids. — Two handy bench aids 
which can be used for a variety of useful 
purposes in servicing work are capaci-
tance and resistance boxes. 

These units are easily constructed 
of inexpensive parts. The arrangements 
indicated in Fig. 43-30 a and b are only 
two of many possibilities. Other resist-
ance and capacitor values can readily 
be used. 

These resistor and capacitor boxes 
can be used when a component in a re-
ceiver is suspected ot being faulty, or of 
the incorrect value. One end of the sus-
pected resistor or capacitor is discon-
nected, and the corresponding unit in the 
bcix is connected to the circuit. Since 
great accuracy is not needed because the 
boxes are not measuring devices, resist-
ors of ± 5% are adequate for almost all 
such substitution applications. For the 
capacitors, mica, ceramic, or even paper 

units of reasonably good quality will suf-
fice. 

Conclusion. — A wide range of tele-
vision test equipment has been discussed 
in this lesson. The subject has by no 
means been exhausted, for many other 
types of equipment can simplify televi-
sion testing and trouble-shooting proce-
dures. Often, valuable devices are de-
vised by servicemen themselves as they 
encounter day-to-day problems. Many of 
these units are described in the various 
technical publications which cover the 
servicing field. 

Additional details on operation, main-
tenance, and further applications of the 
instruments discussed can be found in 
the manuals furnished by the manufac-
turers of the equipment. The proper man-
ual should be studied before any piece of 
equipment is used. 
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SCHEMATIC DIAGRAM FOR DUMONT RA 117 -A CHASSIS 

TUBE LOCATION RA-II7A 

RESISTANCE READINGS OF COILS 
(All readings in ohms) 

V204* • V202 V20 

4v fàllii ;" .- ,„ t...ag r.. ,,,., .....,..: \T -210- le V 219e,:.e-t 2,924 . , ... .,,„... 

V 221 , • 
-4'4e* I *le- --54r - ,I i0....-

•„.. ecle• -,.4, , !C 229 ''' ' - - 11 V 220 ,«K` e) j 

0 285 _.j:-..'4i•ilroPee  e. R 295, 

C 248, iiii5.14. ".'âf'iriler,;: 
et, 

...i.e.. v 214 l 't1li 
e • :-.742 

NOTES: 

I. Issue # 12 through ECN 4624. 
2. Voltage, resistance and waveform measurements. 

a) Instrument used - RCA Model ( 9S-A Voltohmyst ( for 
voltag• and resistance readings.) 

b) Voltage measurements taken to ground, no signal 
input. 

c) Voltage measurements made with Phono-TV Switch 
(5201) in TV position; contrast and brightness mini-
mum. 

d) All coil readings were made with the coils discon-
nected. 

•) Video waveforms measured with contrast set for 30 
volts, peak-to-peak at CRT. pin I I. 

f) Local-Distant switch ( S204) in local position. 

1ST. VIDEO 
27.75 MC I. F. 

Z 204 TRAP V 205 
6 BA6 

I 

z 1 
li 

-.5V 

TO 
MIXER 

4-
THIS ONO. 
ON TUNER. 

11-50yyr 

R 218 
10 K 

REO 

IILK. - TEL. 
6.3 V 1  

R 332 
2.7K 

.5V 

(yx" 

TO ViOi PIN 6 41111.25-21:111_tC304 ;309 
"M. R 31.9 

2 5 3 V215 

-••• J 202 

213¡ 

R 299. 

All coil readings shown were taken with coils disconnected. 

Symbol 
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L208 
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L205 
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L214 
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I. F. 
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6AU6 
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I 11 
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IR 
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MEG. 
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V 207 
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e 
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C230 
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V101 6E105 R.E AMP 

V 204 6AQ5 2ND. SOUND AMP 

V205 6BA6 1ST VIDEO LE 

V203 6T8 SOUND DISCRIMINATOR, 
1ST. SOUND AMP 5 A.G.C. CLAMP 

V206 6AU6 2ND. VIDEO LE  

V202 6AU6 2ND. SOUND IF 

V207 6BA6 3RD. VIDEO LE 

V201 6AU6 1ST SOUND LE  

V208 6BC5 4TH. VIDEO LE  

V209 6AL5 VIDEO DETECTOR P(Q, 
8 D.C. RESTORER 

V 212 6BA6 NARROW BAND SYNC. AMP' 

V2I3 6AL5 SYNC. S A.G.C. DETECTOR ----' 

V22I 6SN7-GT VERT DEFLECTION AMP / 

V2I9 6AU6 FIRST SYNC. CLIPPER  

G 2 8 0 r 7 

21.75 MC 
TRAP 

Z 207 

r - - _ _ 3 

V II 

C 
221 A 
.004 

230 
1 X 

TO 5204 PIN 2 125V 
NEAR 9220 A 

25 ..... ••... 
: 

1 
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224 
.004 

A 

2 201 

3 

2 1 11 

1 I 
11 2 
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7r-
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V 208 
6BC3 

G 222 
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I. F. 

V 201 
6AU6 

5V 

195 V 

Z 208 

23 
I 

6223 "X" 

R 231 
"4"' 

4.5V 

V 211 I7AP4 CRT. RESISTANCE MEASUREMENTS - ALL READINGS TO GROUND 
RA-I 17 CHASSIS 

TUBE 1 2 3 4 5 e 7  5 

V201 1.11M 0 0 fill 8K 6.6R 89 

V202 270K o o Fil 6.5K 6.6K 89 

.V203 100K 100K 200K Fil 1.8M 1051 

V204 470K 270 Fil o 8.2K 8K NC 

V205 1.5M o o Fil 8K 16K 89  
V206 .7 o o Fil 8K 6.6K 120 

V207 1.5M o o Fil 10K 16K 68 
V208 6.8K 220 o Fil 8K 6.5K NC 

•V211 o 
V2I6 IX2 H.V. RECTIFIER V212 8 

/ 0 .*---------- V 217 6W4-GT DAMPER V209 .6 

Z 202 

110K o 151 o  

215 6BQ6 HORIZONTAL DEFLECTION AMP t NC O /I.C5IC 680K 

8K NC 5F. 224332Ki0 K 230K 

V210 4K 81 

V213 4.5K-10K 4.5K-10K 0 - 1 K 

527  
V217 NC NC 230K N 

o o FU 12K 

o o Fil 8K 

Fil 22K-28K 860887: 

Fil 

1M 
V214 75K-120K 310K 1M 260K 260K 427 O  

SAW GENERATOR V220 1.1M 6.5K 427 400K-1.5M 1.8M-6.8M 600 Fil o 
V221 2.3M 245K 2K 2.3M 245K 2K o Fil  

ION TRAP MAGNET V222 3.3K Fil 7.2K 1.4M 0 o o 3.8K 

..V223 INF NC NC NC INF NC INF NO 

IM 

V218 NC 8K NC 470 NC 470 NC 8K 
V214 6SN7-GT HORIZONTAL A.EC. V219 1M o o Fil 23K 2.4K o 

V2I8 5U4G RECTIFIER 

V220 6SN7-GT 2ND. SYNC. CLIPPER 
VERTICAL SAW GENERATOR 

V2I0 6AH6 VIDEO AMP 

..... 204 
t 3 10 yyf 

I 1 
Il 

  11 

2 • RED DOT 4 I 

2ND. SOUND 
I. E 
V 202 
6AU6 

R206 204 
1 MEG. 270 K 

206 •• 
.0013 

C 281 
.005 

VIDEO 
DETECTOR AMPLIFIER 
V 209-A 
1/2 6AL5 

R 274 
39-r, 

110 V 

2 203 

r  
3 I 

• RED 
I DOT 

1...   -J 

1273 

R208 

R 210 

PHONO 100 

.1 203 

r - 
it r 

▪ I 1 
K ▪ Ill t  

125 V 

A 

VIDEO 

TO G 298 
NEAR V2I2 

205 
ILK. 

*L 211 
78.75Ie 

TRAP 

4.5 MC 
TRAP 

203 
SRN.- 
8 LK. 

C 228 
47 joyf 

10 
6AH6 

290 V 

CE!? -C-  1.201 BLUE - X" 

3  T 
!.. R2W 

• • 3. V 

9 10 11 12 Cap 9 Cap  

.V203 350K •V211 8K 130K Fil TV215 230K "V223 INF 230K 

Rear selector switch in .-rv" position. 
Instrument used-RCA Model 195-A Voltohmyst. 
All readings in ohms-K = thousand M - million. 
Two readings for a given point indicate an adjustable resistance la in the measured circuit. 

SOUND DISC., 1ST. SOUND AMP 
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R 211 
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RESTORER 
V 209-8 
1/2 6AL5 
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 •V4J4.  
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R 239 13 
100K 

-62 V 

6 242 
100 K 

-58 V 

V •=. 
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I 74P4 

N.V. RECTIFIER 
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I Xe 
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Motorolá 
TELEVISION CHASSIS TS-351 

NOTES 

•"201  
BOTTOM VIEW OF CHASSIS 

:V202 

V203 

o 

O V204 

o V205 

C256 V212 

° 

V208 

o 

V207 

0 

o 
V206 

V2Il V2 9 V2I0 V2I3 

o 

V2I5 V2I4 C255 

00 

V216 

A 8 

DC 

L201F 

L20IE 

L2010 

L20IC 

L2018 

L20IA 

J201 
ANTENNA 

RECEPTACLE_ 220 

52018 

. 300 OHM_ 
L . LINE  
ANTENNA 
PLUG 

220 

VOLTAGE MEASUREMENTS.' 

I. MADE WITH A VT VM FROM POINT INDICATED TO CHASSIS. 
2. LINE VOLTAGE - 117 VOLTS. 
3. ANTENNA DISCONNECTED. (5202 IN LOCAL POSITION) 
4. CHANNEL SELECTOR SWITCH ON CHANNEL WHICH DEVELOPS 

LESS THAN 1 VOLT NOISE AT PIN NO. 3 OF TEST RECEPT. 
& CONTRAST CONTROL MAXIMUM CLOCKWISE POSITION.• 
6. ALL OTHER CONTROLS IN NORMAL OPERATING POSITION. 
7. * VARIES WITH SETTINGS OF CONTROLS. 

CAUTION' DO NOT ATTEMPT VOLTAGE READINGS 
ON THE 1133GT OR SCOPE READINGS ON THE 680601 PLATE WITH ORDINARY EQUIPMENT. 

RF TUNER TT- 17 

WAVEFORMS.' 

I. OBSERVED ON DUMONT MODEL 241 OSCILLOSCOPE. 
2. CONTRAST CONTROL SET FOR SIGNAL OF 45V P TO P Al 

PLATE OF VIDEO AMP TUBE. 
3. ALL OTHER CONTROLS IN NORMAL OPERATING POSITION. 
4 6130667 HV GEN TUBE REMOVED TO ELIMINATE Hy PULSE 

INTERFERENCE FROM SCOPE WHEN OBSERVING ALL WAVEFORMS, EXCEPT THOSE FROM PHASE DET THROUGH HORIZ CIRCUIT. 

GENERAL: 

RESISTORS INDICATED IN OHMS, K •• 1000 OHMS. 
CAPACITORS INDICATED IN MICROmiCROFARADS UNLESS 
OTHERWISE SPECIFIED. WHEN INDICATED IN MICRO - M1CROFARADS THEY ARE CERAMIC DISC, TUBULAR, OR 
MICA TYPES, EXCEPT FOR VALUES SHOWN IN R T MA 
CODE, SUCH AS 47,000, WHICH ARE THE MOLDED 
PAPER TYPE AND PRE FERRED WHERE INDICATED 
COILS INDICATED IN MICROHENRIES. 

IRON TUNING CORES. 

V201 
6CE16 
RF AMP 

220 
S20IA C203 
I3c.j 22K 0.7V 2 t 
12 R2O2k 
1 

L 202 
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CHANNEL SELECTOR SWITCH 
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L203C 
L203B 
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C2I209 
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52016 Tred 
13 

620ér 120> 
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r R201 
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3300 

1 1 177 

100> 

9111 

.R204 7 
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• 

/ 3.3 
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6U8 
oSc 

/26V 
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sN9  

6212 ../ 13 

I5K 7`75 - 3 ,214 12 
R206 C2I3 lio 

OSC FINE TRIM TUNING 

1 

L205 
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C20.71 
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t 22K 
k R205 

 1(  
C2I5 L207 
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8 
7 
6 

4 
3 
2 
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R207 
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R208 

52010 

4700 
R2I0 

L208E 
L 2080 
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6U8 
MIXER 

150V 
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GENERATOR 

JACK 

6 
I5V 
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'TL a 216 

100K 
R209 
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R2I 1 'C211i3i 

1 

2 
ED 

-1 J203 
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' JACK 

o 
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6A U6 
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/37 v 

2.2 

cze 

L 
£8 
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1.2V 
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1239 
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7 
4 3 
X 
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C240 

6 
/57 v 

3 

e 
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j15 
:1a2 1 .1 

6 
120 
R237 

2200 
R236 

V208 
6A L5 

RATIO DET 

4 
; e6800 rR239 

- 11000 "-••••". 

C24.1 

)6800 

40 IAF 
C 42 

50 
C244 

R238 

5 
1000 

6245 33K 
R240 
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C24i 

V209A 
6SNTGT 

5000 1ST AUDIO AMP 
VOL 

C249 /,(SHELL 21 r  
s, 

_  

300K 3 TAP 
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C24.1 

VOLUME 
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ltrl 

.003 MF C250 

5.IV 
••••••• 
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IMEG R pNE 242  

12204031 c2sKie•IF R  

V2I0 
6W6GT 
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/411V 

.005 MF 
••••••••• 

C253 

t 33K 
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Z Z 
155 V 

SPKR RECEPT 
owl ...I-206 (TOP VIEW) 

GRN 

RED 
LK 
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LS 201 REG; 

SF'KR PLUG 
(PIN VIEW) 

V203 
6C86 

1ST IF AMP 
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5 
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R213 

5000 1500 
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R2I2 

aev 
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X 
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I' 
S 60 
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7201, 7204,8 7205 
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/42V 

0.6 V 
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R2I6 
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3 4 
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R217 

/223 

6 
/42V 4 

t000 

C2241 

7202 El 1203 
CONNECTIONS 

CHASSIS 

7203 
2 

3 

e 

1000 
R218 

470 
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V205 
6C B6 

3RD IF AMP 
142V 

1.2V 

5600 
R2I9 
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C 22T 
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kR22O 

3 

100iC227 

4 
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L4 05 
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41 
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L2I0 
YEL 
DOT 

100K 
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P226 
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R224 
1 

NOTE' CHANNEL SELECTOR SWITCH 5201 
SHOWN IN CHANNEL NO. 5 POSITION. 
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RED-YEL; 
RED; 

_J 

15600 

6  

6229 
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SCHEMATIC DIAGRAM FOR RCA KCS 203-1 OR KCS 20K-2 TV CHASSIS (MODELS 6TS30 AND STS30) 
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C19 
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54-5 C15 -it 
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FINE TUNING:6, 1 71  

$4-4 
13 

2 3 4 5 S..7 • 8 9 10 12 

LS4 L L58 L 
I 62 1.64 L66 L68 1.70 L/2 1.74 L76 1.78 4, e6s 

<47 

"Mr 

NOTES 

3103 

C 2 
270 

CI 
270 

C18 
270 

 1 
T2 

1.79 

c 17 
1500 

V104 

615A6 
1ST SOUND IF 

120V 

R213 
1000 

T111 
IstSouND 
I.F.TRANS 

C192 
.01 

1-3-1 
C1931 3 
33 5 o 

,11 x - 

C194. R215 

15001 100 

R214 CI96 
470K 1500 

V105 1:706 V107 

65A6 6ÀUG GALS 
2ND. SOUND LP 3RD. IOUND IF SOUND DISCR. 

5 122V. 5 4.8v. T 1t3 
SOUND DISCR 

7112 TRANS-
2 2HD.SOUND r-  

IF TRANS. I 56 1 

(7-4. 6A --F----
C201 R230 

Qs. 47 2.2 

C195 
10 

C BS 
1500 C200 

6500-r 

C191 -I-

R218 
10K 

+135V. +135V. +135V. 
v Ito V111 V112 VI13 

RI75 
10K 

6AG5 GAGS GAGS GAGS 
1ST. PIX.1.F. 2ND. PIE. LE 3RD. PIXIE c128 4TH PIK, I.F CI34 

135V 135 V 135v.  VIO 99V 270 . 
5 

CONVERTER 
TRANS. 

D 21.25  21•8 !.. ou mc. 68 
mc. t 

_ 4, 

CS --
15001 

• 

RIO R9 
100K 100K 

All resistance values are in ohms. K = 1000. 
Capacitance values less than 1 are in mfd, and 

above 1 in mmfd., unless otherwise noted. 

Direction of arrows at controls indicates clockwise 
rotation. 

All voltages measured with VoltOhmyst and with 
picture control counterclockwise. Voltages should 
hold within ±20% with 117 v. a-c supply. 

In some receivers, substitutions have caused 
changes in component lead color codes, in electro-
lytic capacitor values and their lug identification 
markings. 

In some receivers, the antenna trap (L81, L82, C21 
and C 22) may be omitted. 

In some receivers, on EM type of ion trap magnet 
is employed. In these sets, the magnet coils and the 
shunting resistor R232 are connected as shown by 
the dotted lines of the schematic. In this case, the 
Jumper acrose R232 is omitted. 

In some receivers, the green lead from the r-f unit 
is connected to ground to minimize interchannel inter-
ference. In this condition the receiver will overload 
on signals in excess of 15.000 microvolts. If such 
signals are present, it will be necessary to reconnect 
the lead as shown or to reduce the signal input to 
the receiver by a pad or stub on the antenna trans-
mission line. 

In some receivers, the trap ivincling on T102 is 
omitted. 
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SCHEMATIC DIAGRAM FOR RCA KCS68C OR KCS68E TV CHASSIS (MODELS 21T159, 21T165. 21T176, 21T177. 21T178. 1T 179 ) 
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C7 CHANNEL SELECTOR SWITCHES VIEWED 
10.68 FROMFRONT AND SHOWN IN CHANNEL 

NO. 2 ( 54 - GO 16IC.) POSITION. 

The schematic is shown in the latest condition. 
The notes below tell how early receivers differed from the schematic shown above. 
In some receivers, terminal C of I-F trans. 1105 was connected to ground and C225 was 

omitted. 

In some receivers ratio detector trimmer C226 was omitted. 
In some receivers C195 at damper plate was .082 mid. 
In some receivers R186 at V113.3 was 5.6 meg. 
In some receivers R188 at VI13-4 was 1 meg. and R190 and C168 were omitted. 
In some receivers, fourth pix i.f screen resistor 8153 was 33K and R150 was omitted. 
In some receivers C120 at V105-5 was .0033 mid. 
In some receivers 8165 at V121-11 was omitted. 

In some receivers video peaking coil L113 was Gm-Orange and was shunted by a 
6800 ohm resistor 8174. 

In some receivers video peaking coil 1.105 was 250 Muh and was coded Gm. 
In some receivers C221 at V117-7 was omitted. 

In some receivers a 1000 megohm bleeder resistor was connected from V118-2 to 
ground. 

In some receivers R176 at the ACC control was 33K. 
In some receivers R191 across 1104 link was omitted. 

In some receivers C220 across 1104 link was 27 mml. and was not adjustable. 
In some receivers a 5 mid. capacitor C222 was connected between brightness control 

R218-3 and ground. 

In some receivers S1021 was omitted and brightness control R218-1 was connected to 
ground. 

In some receivers fourth pix loading resistor R154 may be any valve between 5600 
to 10K. 

In some receivers RI74 at V110-24 was omitted. 
In some receivers F101 was a .25 amp. quick blow type fuse. 

In some receivers C196 and C219 were connected to the junction of F101 and R253. 
In some receivers a 270 mml. capacitor C217 was connected from the junction of R253 

and F101 to ground. 

In early production r-f units. CIO was 330 mml., C8 was 0.8 = 1.4 mml., C3 was 
12 mml. and 1.47 was shown as a coil. TP2 was connected at the junction of 1.47 and 
C9. Early production r-f units are unmarked. Late production r-f units are marked MI. 
Replacement parts are affected. 

All resistance values in ohms. K W 1000. 

All capacitance values less than 1 in MF and above 1 in MMF unless otherwise noted. 
Direction of arrows at controls indicates clockwise rotation. 
All voltages measured with "VoltOhmyst" and with no signal input. Voltages should 

hold within ±20% with 117 v. a-e supply. 
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CROSLEY 
SCHEMATIC WIRING DIAGRAM 

MODELS: DU-21CDM1, DU-2I CDN, DU-21CHMI, DU-21COBI, DU-21COL, 
DU-21COLB, DU-21COMI 

(Chassis 357-1) 

+NOV 

R. F. TUNER SCHEMATIC DIAGRAM 

sue-ASSEmBLY 

NOTES: 

"f 
— _J 

IF TUNER 

1. ALL VOLTAGES MEASURED WITH AN ELECTRONIC 
VOLTMETER CONNECTED FROM SOCKET LUG TO 
CHASSIS. 

2. SUPPLY VOLTAGE 117V.,160 CYCLE, AC. 

3. K - 1000 

4. ALL CAPACITANCE VALUES IN MMF. AND ALL 
RESISTANCE VALUES IN OHMS UNLESS OTHERWISE 
NOTED 

5. SOME CR TUBES REQUIRE CONNECTION TO GREEN 
TAP TO OBTAIN FOCUS. 
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R- F Chassis 41, Schematic Diagram 
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