


ALL 
ABOUT 

. de ision 
BY JOHN DERBY 

POPULAR MECHANICS PRESS 



Copyright 1952 

Popular Mechanics Company 

200 East Ontario Street 
Chicago 11, Illinois 
Printed in U.S.A. 



JHE CHAPTERS 

One How Television Works. 5 

Two How to Choose a Set. 22 

Three Installing the Receiver. 32 

Four Erecting the Antenna. 41 

Five Inside Your TV Set. 64 

S/x TV Troubles and Cures. 86 

Seven Replacing a Picture Tube - - - - 109 

Eight Picture-Tube Conversion . 114 

Nine Projection Television . 117 

7'en Telecasting . 124 

Eleven Ultra High Frequency . 145 

Twelve Intercity Relays . 149 

Thirteen Pay as You See . 154 

Fourteen Color Television . 158 

Complete index starts on page - - 167 





Chapter One 

HOW TELEVISION WORKS 

JHE QUESTION is often asked, 
“Who invented television?” The cor¬ 
rect answer is not given by those who 
supply a name, but by those who re¬ 
ply, “Why, I really don’t know.” Tele¬ 
vision is a monument to many men 
and women of science who each have 
contributed important parts to the de¬ 
velopment of a whole — some parts 
more significant than others, but all 
important contributions just the same. 
Faraday, Henry, Maxwell, Marconi, 
DeForest, Fleming, Zworykin; less 
well-known names in the field of op¬ 
tics, and the business men who pro¬ 
vided the money and the facilities for 

research—all these have been contrib¬ 
utors to television. 
Even the word television does not 

come from one source. It is a combina¬ 
tion of the Greek tele, meaning “far 
off,” and the Latin verb, video—“to 
see.” Defined, it is the electronic pho¬ 
tographing and projection — at the 
speed of light—of a scene to a distant 
point and its reproduction on a screen 
at that point. 
• Research work on television was be¬ 
ing performed in the laboratories si¬ 
multaneously with the rapid devel¬ 
opment of radio broadcasting in the 
period after the first World War. By 

The television industry is constantly working toward better reception 
and easier operation. Zenith's "Lazy Bones" is a remote-control access 
sory that changes from station to station at rhe pressure of a finger 

Zenith 
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Television-phonograph-r adío units 
bring triple pleasure to the home 

the late thirties tremendous progress 
had been made. In 1939 television was 
made available to the public when 
RCA marketed a 12-inch receiver and 
the National Broadcasting Company 
began beaming television programs to 
metropolitan New York. 

Active broadcasting ceased during 
World War II, but the end of hostili¬ 
ties brought television to full flower in 
those areas with broadcasting and re-
ceiving facilities. 

How the Picture Travels 
The starting point in television, as 

in photography, is the camera. Unlike 
photography, however, there is no 
film, no permanent record of the scene 
to be reprinted again. Instead, a scene 
is pictured, sent over the air waves, 
registered on the screen of the receiver 
and then replaced with the next scene. 
To do this requires tremendous quan¬ 
tities of expensive equipment, compli¬ 
cated circuits and a great deal of tech¬ 
nical skill. 

But to understand how it is done re¬ 
quires no technical knowledge or me¬ 
chanical aptitude. It is unnecessary for 
a housewife to be well versed in the 
chemical composition and reactions of 
the ingredients she uses in baking a 
cake. It is just as unnecessary for the 
layman to know the action of a multi-

WGN-TV's antenna atop the Tribune 
Tower, 610 feet above street level 

vibrator, the theory of space charges, 
what thermionic emission is or how 
to design a filter circuit in order to 
have a basic understanding of televi¬ 
sion and to be able to service his own 
set. That knowledge can be left to the 
designers, engineers, technicians and 
professional servicemen. 
When the television cameraman fo¬ 

cuses his camera on a scene, he is “tak¬ 
ing” a picture in the true sense of the 
word. However, instead of the scene 
being recorded on a film negative, it 
is transformed into electrical energy 
for transmission to the receiver. Of 
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FROM SOUND TO RADIO ENERGY 

RADIO FREQUENCY 
ENERGY 

■ THE CARRIAGE) 

THE INTELLIGENCE 
BEING CONVEYED IN 

THE CARRIAGE 

course, for some special applications, 
television can be and is transmitted 
over wires or coaxial cables, but for 
our purpose at the moment let us as¬ 
sume that the wireless beam is the 
means of carrying the picture from 
one point to another. Most of us are 
familiar with the fact that in radio 
sound is picked up by a microphone 
which transfers this sound into elec¬ 
trical energy. This energy is of such a 
nature that it cannot be sent directly 
into the transmitting antenna. It must 
have a “carriage” on which it can ride. 
This “carriage” is provided by the 
transmitter, which generates radio-fre¬ 
quency energy, mixes it with the elec¬ 
trical-sound energy, amplifies the two 
and sends the finished product to the 
world at large through the antenna. 

FROM SCENE TO 

Television corresponds to radio in 
most respects. Substitute light for 
sound and camera for microphone and 
the system is the same—light is trans¬ 
formed to electrical energy and im¬ 
pressed on radio-frequency energy, 
which, with its ability to “spread” 
from an antenna, provides the “car¬ 
riage” which conveys the picture in its 
energy form. 

Upon arrival at the receiving sta¬ 
tion, the reverse procedure takes place. 
The radio-frequency energy which has 
“carried” the picture is no longer 
needed, so it is separated from the de¬ 
sired elements and cast aside. The re¬ 
maining electrical energy is trans¬ 
formed to a duplicate of the original 
scene by impressing it on the face of 
the receiver picture tube. 

RADIO ENERGY __ JI 

SCENE 

PICTURE 
CAMERA 

ELECTRICAL PICTURE ENERGY 

STATION I, ill' 

RADIO FREQUENCY 
ENERGY 

(THE CARRIAGE) 

THE INTELLIGENCE 
BEING CONVEYED 
IN THE CARRIAGE 
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Above, picture scanned on 60 lines. 
Upper right, as scanned 120 lines; 
lower right, as scanned 342 lines 

The television camera, as was men¬ 
tioned before, is the starting point of 
the picture. J ust as in an ordinary cam¬ 
era, we have a lens. However, instead 
of focusing the picture on a film, the 
scene is focused on a “mosaic,” or tar¬ 
get. This target has photoelectric char¬ 
acteristics, which means it translates 
light into electrical energy. The 
amount of energy on any one spot de¬ 
pends entirely on the amount of light 
that spot ’s receiving through the lens 
from a small section of the scene being 
photographed. Therefore it can be 
seen that the target has electrical en¬ 
ergy whose strength varies in different 
sections, depending on whether the 
section of the scene is a dark dress, a 
light shirt, a face, etc. Thus we have 
our picture, as desired, transformed 
into a constantly fluctuating form of 
electrical energy. 
The next step is to see that this en¬ 

ergy is put aboard the radio-frequency 
“carriage.” Inasmuch as the energy is 
not uniform throughout but varies as 
the lights and darks of the picture 
vary, we cannot send the whole scene 
at once. In that case, one would only 

get an average amount of electrical 
energy. So each tiny segment of the 
picture must give up its energy in turn 
and it must do this in an orderly 
fashion. 

The Scanning Beam 
If you will look at your daily news¬ 

paper, you will notice that the pic¬ 
tures seem to be made up of many, 
many little dots. For our purpose, the 
picture intelligence impressed on the 
target of the television camera can 
also be said to be made up of many 
dots, each one with its own quantity 
of electrical energy. Some device is 
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needed to take the energy from each 
dot in turn and carry it to the “car¬ 
riage,” This is done by a scanning 
beam, which travels across the target 
just as your eyes do in reading a print¬ 
ed page. Each scene is divided into 525 
lines, an arbitrary figure chosen by the 
television industry and the Federal 
Communications Commission for en¬ 
gineering reasons. The use of fewer 
lines would result in loss of picture 
detail; the use of more is not feasible 
in an engineering sense. To use our 
previous illustration, the “carriage” 
isn’t large enough to carry a larger 
load of picture intelligence. 
A complete picture is developed 

when the scanning beam has traveled 
across each of the 525 lines once. The 
next picture results when the beam 
goes back to the beginning and starts 
all over again. As anyone who has ever 
seen a movie film or riffled the pages 
of a comic “movie book” knows, show¬ 
ing pictures rapidly results in an illu¬ 
sion of motion. So we know that if we 
“show” the television pictures rapidly 
enough, the result will be a moving 
scene. 
Again for engineering purposes, 

those in authority have chosen an ar¬ 
bitrary figure and stated that all tele¬ 
vision in the United States should 
show 30 pictures, or frames, per sec¬ 
ond. This has been done for a number 
of reasons. Most important of these is 
the fact that when fewer frames per 
second are shown, the image flickers. 
Another primary reason is that most 
American homes have alternating cur¬ 
rent at the rate of 60 cycles per second; 
this synchronizes easily with the tele¬ 
vision frequency of 30 frames per 
second. 

Actually, the scanning beam scans 
the odd-numbered lines first and then 
returns and scans the even lines. This 
“interlaced scanning” gives, in effect, 
60 frames per second. The same idea 
is used in motion pictures, where the 
picture rate is 24 frames per second 
but a rotating disk with two slots lets 
the picture through twice for each 
frame for a net result of 48 frames per 
second. 
To summarize, the television pic¬ 

ture is divided into 525 horizontal 
lines which are scanned—just as you 
scan the words on a page—at the rate 
of 30 times per second. 

RCA IMAGE ORTHICON TUBE 
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High-Frequency Waves 
At this point the complete picture 

is ready for its journey through space. 
But, as has been pointed out, it must 
be provided with a “carrier.” For that 
a radio wave of a high frequency is 
used. Inasmuch as the phrases “high 
frequency,’’ “very high frequency” 
and “ultra-high frequency” are part 
of the current technical terminology, 
a few simple explanations are in order. 
Frequency, of course, refers to the rate 
at which things occur. A chain smoker 
smokes at a high frequency rate com¬ 
pared to other smokers. The beacon 
on a lighthouse rotates at a certain fre¬ 
quency—perhaps twice a minute. A 
motor turns at the frequency of 1750 
revolutions per minute. 

In electricity, frequency is measured 
in cycles. The cycle starts at a point of 
“zero” energy. It increases in value 
with time. When it reaches its maxi¬ 
mum value, the energy then falls off 
to zero again. However, instead of 
building up to a maximum in the 
same direction, the energy continues 
on past zero in the opposite direction 
to reach another maximum before fall¬ 
ing off to zero again, thus completing 
a cycle. The process is then repeated. 
This procedure can be charted. The 
resulting figure is called a “sine wave,” 
because it resembles a wave. 

NBC 
A mobile unit televises a parade 

Unless stated otherwise, frequency 
STRENGTH OR 

in radio and television refers to the 
number of sine waves generated per 
second. Because the energy travels in 
two directions, this is called alternat¬ 
ing current. Those who live in locali¬ 
ties where the normal house current 
operates at a frequency of 25 cycles per 
second will notice a flickering effect. 
This occurs because the current which 
lights the bulb periodically returns to 
zero strength before buildingupagain. 

It takes time for the energy to un¬ 
dergo a complete cycle. Because of the 
speed with which the cycles occur the 
time base used is the second. In your 
home the electrical current probably 
has a frequency of 60 cycles per sec¬ 
ond. This means that a cycle is com¬ 
pleted every of a second. The fre¬ 
quency of radio energy is measured in 
exactly the same way, but in order to 
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FREQUENCY AND WAVELENGTH COMPARISON 

1 SECOND- — 

_ tX - — 

FREQUENCY: 1 CYCLE 
PER SECOND 

FREQUENCY: 2 CYCLES 
PER SECOND 

FREQUENCY: 4 CYCLES 
PER SECOND 

Not«: The Greek letter "lambda" it 
used here as the symbol for wave¬ 
length. It will be noticed that the 
greater the number of cycles, the 

shorter the wavelength 

be useful a great many cycles must be 
used — thousands and millions. Each 
thousand of cycles is a kilocycle; a mil¬ 
lion cycles are a megacycle. 

For practical purposes, the energy 
can be compared to a railroad coach. 
The greater the number of seats there 
are in a railroad coach, the more pas¬ 
sengers can be carried. In the same 
manner, the more cycles there are 
available, the greater the amount of 
picture intelligence can be carried. In 
sound, for example, not many cycles 
would be necessary to carry a single 
note. But to carry all the notes, over¬ 
tones and harmonics in the music of a 
symphony orchestra requires a great 
many more “seats” in the radio-fre¬ 
quency “coach.” 

In television, the picture is com¬ 
posed not of sounds but of varying 
shades of color. In black-and-white 
television, this runs from absolute 

black to absolute white. To send all 
these shades of picture intelligence re¬ 
quires a great many “seats.” For this 
reason, television channels are allotted 
a band width of six megacycles. This 
band width carries both the sound and 
video signals. In other words, televi¬ 
sion stations are given the use of a 
multiple-track railroad right of way. 
The transmitter provides the “seats” 
and the camera provides the “passen¬ 
gers.” The channels allotted are in the 
high frequencies, where there is more 
room than in the lower-frequency 
bands« 
The reason for this is obvious. If 

each station has a band width of six 
megacycles, seven stations can be 
squeezed into a portion of the spec¬ 
trum between 174 megacycles and 216 
megacycles. If we were to use the old 
AM broadcast band, which goes from 
.54 to 1.6 megacycles, we couldn’t even 
get one station in! So much room is 
necessary and so many channels are 
being sought that the Federal Com¬ 
munications Commission has found it 
necessary to go still higher and make 
further allocations for additional TV 
stations. 

Wavelength 
Radio waves travel at the speed of 

light, or 186,000 miles per second. If, 
therefore, a transmitter sends out ener¬ 
gy at a frequency of 1000 cycles per 
second, the first cycle will have reached 
a point 186,000 miles away just as the 

WAVELENGTH 
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last cycle has been completed. The dis¬ 
tance will be divided evenly into 1000 
cycles, each 186 miles long. This 
length is called the wavelength. 
The wavelength of radio energy is 

expressed in terms of meters—a dis¬ 
tance of 39.37 inches. A wavelength of 
one meter, for example, means that 
one complete cycle covers 39.37 inches. 
An understanding of frequency and 
wavelength means little to most televi¬ 
sion-set owners, but is quite important 
for those who will erect their own an¬ 
tennas. Knowing the fundamental 
principle involved will enable you to 
do a much better job of antenna in¬ 
stallation and thus bring a clearer, 
steadier picture to the receiver. 
The meter is used as the interna¬ 

tional standard of measurement in 
television and radio for the sake of 
convenience. If a broadcasting station 
is transmitting on a frequency of 30 
megacycles—or 30 million cycles—di¬ 
viding 186,000 miles by 30 million 
will give the wavelength in terms of 
miles. The answer in this case would 
be .0062 miles, certainly a clumsy fig¬ 
ure and, when one realizes that mod¬ 
ern radio frequencies can be hundreds 
or thousands of megacycles, an absurd 
measuring gauge. For that reason, by 
international agreement and custom, 
the basic measuring unit used is the 
meter. 

Since a meter is 39.37 inches long 
and 1609.35 meters equal one mile, 
it can readily be seen that 300 million 

Station transmitting engineers are responsible for a pure TV signal 
WGN-TV 
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meters are roughly the equivalent of 
186,000 miles and dividing 300 mil¬ 
lion by 30 million cycles gives an an¬ 
swer of 10 meters. This is a much 
handier figure to use and lor those un¬ 
familiar with the metric system is 
easily translated to feet or inches. The 
formulae can be written thusly: 

300,000,000 
Wavelength (in meters)=-- -- ;—; frequency (in cycles) 

Wavelength (in inches)^ 
wavelength (in meters) x 39.31 

The ability to understand the rela¬ 
tionship between frequency and wave¬ 
length is important in the case of an¬ 
tennas. This is because an antenna, to 
be efficient, should be a 1 faction of, 
equal to, or a multiple of the wave¬ 
length of the desired signal. The 
lengths of the arms of a television an¬ 
tenna are not guessed at, nor are they 
the result of “cut and try” experi¬ 
ments. They are calculated by the 
means outlined and adapted from the 
results obtained mathematically. Gen¬ 
erally speaking, an antenna used in 
television is one-half wave long. This 
will be brought out in detail and with 
practical applications in the chapter 
dealing with antenna selection and in¬ 
stallation. 

Summarizing again, it can be said 
that the carrier path for television is a 
radio-frequency wave which oscillates 
or “cycles” at a rapid rate; that this 

wave travels at the speed of light; that 
the more rapid the rate per second the 
shorter the wavelength, and finally 
that antennas, for best results, are 
equal to, a fraction of or a multiple 
of the wavelength of a signal. 

The Television Beam 
In the television broadcasting sta¬ 

tion, a transmitter and its companion 
units perform the next function. 
These devices generate the cycles 
which make up the radio-frequency 
wave. The electrical energy which 
comprises the picture is imposed upon 
the wave and sent to the transmitting 
antenna. This in turn casts the energy 
to the ether. 
The higher the frequency of radio 

energy the more the “ray” travels like 
a beam of light. It tends to follow a 
straight line and can be bent, or re-
flected, just like a light ray. Unlike a 
light ray, however, it will penetrate 
certain opaque substances such as the 
walls of buildings, etc.; hence our 
ability to use indoor antennas in 
strong signal areas. Nevertheless, the 
television beam is reflected by some 
structures, blocked by hills, weakened 
by rolling terrain and subjected to oth¬ 
er influences. Transmitting antennas 
therefore are erected on high build¬ 
ings and mountains to enable the sig¬ 
nal to pass over such obstacles and 
also to increase the distance between 
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the transmitter and the horizon. Al¬ 
though some of the energy follows the 
curvature of the earth, this is not 
enough for practical purposes. The 
bulk of the energy follows a straight 
line and passes off into space at the 
horizon. 
To increase the distance of recep¬ 

tion, receiving antennas in the area 
where the curvature of the earth is a 
factor are erected high above the 
ground. This attempt to overcome the 
curvature becomes impractical beyond 
a certain point, of course, since the 
antenna height required would be¬ 
come tremendous. 

Receiving the Signal 
Once the TV “picture” has been 

taken and broadcast, the next step is 
to receive it and, by reversing the 
processes already gone through, to im-

press it on the picture tube in the 
home receiver. To do this, an antenna 
is aimed in the direction from which 
the strongést signal comes. 
There are many different antennas 

of the indoor, built-in and outdoor 
types. These will be gone into in de¬ 
tail later on. At this point, it is enough 
to say that the antenna “catches” a 
quantity of the electrical energy in 
the air. It was previously mentioned 
that the most efficient antenna, or the 
one that captures the largest amount 
of a desired signal, is one that bears a 
fractional or multiple size relation¬ 
ship to a wavelength. This does not 
mean that the antenna which is a half¬ 
wavelength long with respect to Chan¬ 
nel 5 signals will not receive signals 
sent on Channel 9 or Channel 2. It 
will, but not quite as efficiently. In 
normal areas, however, this is compen¬ 
sated for by erecting the equivalent of 
two antennas on one mast, both feed¬ 
ing one lead-in wire. 

LEAD IN 
TELEVISION RECEIVER 

SPEAKER 



- - All About Television 15 

Once caught by the antenna, the sig¬ 
nal is fed into the lead-in or transmis¬ 
sion line, which carries the signal to 
the television receiver. Here we have 
a situation which is much the same as 
the transmitting process except that it 
is in reverse. We have a picture tube 
which has the target at the face instead 
of the inner end or the back. We have 
an electronic beam to “paint” the pic¬ 
ture on the face of the tube. We have 
sweep circuits which move the elec¬ 
tronic beam across and up and down 
the target. These circuits are synchro¬ 
nized with the beam at the transmit¬ 
ter. We have amplifiers to make the 
signal strong. We have power circuits 
—just as in a radio—to provide the dif¬ 
ferent voltages necessary to operate the 
tubes and to light up the picture. We 
have sound circuits to receive and am¬ 
plify the sound and send it to the 
speaker. And we have a tuner which 
enables us to differentiate between 
one station and another. 
A diagram on page 14 shows the 

workings of a television receiver. Both 
sound and picture signals travel to¬ 

gether through the tuner and are am¬ 
plified. At a certain point in the re¬ 
ceiver they are separated: The picture 
signal is fed to the picture tube and 
the sound signal goes to the speaker. 
The synchronization and sw’eep cir¬ 
cuits control the beam on which the 
picture is “riding,” causing it to move 
across the face of the tube “in step” 
with the beam which is in the camera 
at the transmitting end. 

The Picture Tube 
The picture tube is coated with a 

substance that will glow in greater 
or lesser degree in accordance with 
the amount of electrical energy hit¬ 
ting it. The électron beam contains 
differing amounts of electrical energy 
as it bombards this coating. These 
amounts, of course, are determined by 
the amount of energy the camera tube 
has fed to the carrier wave. The 
stronger the bombardment, the more 
the tube lights up; the black-and-white 
picture results. 

Because of its importance in the tel¬ 
evision scheme, we shall give a de-
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Rauland 

Fusing the glass face to the metal 
cone of a television picture tube 

tailed explanation of the picture tube 
at this point. Let us start with the 
“electromagnetic-deflection” type of 
picture tube, the most common in use. 

“Electromagnetic deflection” is one 
of those terms which sound very im¬ 
pressive and intricate. Actually it is 
fairly simple and can be readily un¬ 
derstood by accepting certain basic 
facts. Recalling high-school physics 
experiments, remember that when a 
bar magnet is placed underneath a 
piece of paper and the paper then 
sprinkled with iron filings, one end of 
the magnet attracts the filings and the 
other end repels them. The stronger 
the magnet, the stronger the attraction 
and repulsion and the more filings can 
be controlled. In Exactly the same way, 
if a positive electrical voltage is placed 
on a metal plate, electrons will be at¬ 
tracted to the plate. If a negative volt¬ 
age is applied, repulsion will result. 
The higher the voltage, the greater 
the attraction or repulsion. This is 
called electrostatic control. 

Now, instead of applying voltage to 
a metal plate, suppose we were to take 
a piece of wire, wind it into a coil, and 
apply current. Invisible lines of force 
which the iron filings outlined on the 
paper now surround the coil. These 
lines of force have the power to con¬ 
trol electrons and deflect them into 
certain paths. The closer the electrons 
to the coil, the greater the strength of 
the force. Also, the higher the current 
the greater the strength of the force. 
Understanding this principle, which 
is used in the ordinary doorbell, will 
assist in understanding what takes 
place in a television picture tube. This 
principle is called electromagnetic 
control. 

In the television picture tube, the 
picture is “painted” on the screen by 
an electron beam whose strength in 
terms of electrons varies with the in¬ 
coming signal. It is necessary, first of 
all, to manufacture an electron beam. 
The television picture tube has a fila¬ 
ment, just as does an ordinary vacuum 
tube. The sole function of this wire is 
to provide heat. It will be noticed that 
the filament is inserted inside a cyl¬ 
inder called a cathode. The cathode is 
coated with a substance which is 
thermionic, or which has the property 
of throwing off electrons when heated. 
As a result, when the filament is light¬ 
ed, electrons are freed from the cath¬ 
ode in quantities and float in the 
surrounding space. 
The next step is to gather these elec¬ 

trons into a beam and send it toward 
the fluorescent face of the picture 
tube. The grid, which surrounds the 
cathode as the cathode surrounds the 
filament, confines the flow of electrons. 
The grid is a closed metal cylinder 
with a small aperture at the end which 
faces the tube screen. The amount of 
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voltage applied to this grid controls 
the number of electrons which pass 
through the aperture. Thus the grid 
makes use of the electrostatic-control 
principle. In this respect, one can com¬ 
pare the grid to a faucet and the elec¬ 
trons to water. Turning the handle on 
the faucet controls the flow of water; 
varying the voltage on the grid con¬ 
trols the flow of electrons. 
The next component in the line is 

the first anode. This is also a cylinder 
with small apertures at the screen end. 
If an even, nonfluctuating, high volt¬ 
age is applied to the first anode, the 
strength of its attraction will be such 
that it pulls the electrons through the 
grid aperture at high speed. For that 
reason the first anode is called the ac¬ 
celerating grid. Because of its construc¬ 
tion, it also helps concentrate the elec¬ 
trons into a smaller beam. Just as a 
very sharp pencil can draw finer lines 
and greater detail, so does a small 
beam “paint” a finer picture in great¬ 
er detail. 
At this point we have created an 

electron beam. It is still a coarse, 
broad affair, however. In order to de¬ 
velop it into a pinpoint and focus it 
exactly on the screen, we must have an 
electronic “lens.” This lens function 
is performed by the focusing coil 
which is found around the neck of the 
picture tube. This is simply a wire 
coiled around an iron core. Current 

Rauland 

Precision machinery presses the 
electron gun into a picture tube 

passed through the wire sets up a mag¬ 
netic field. This field has the ability 
to deflect the electron beam and con¬ 
trol its size, depending on its position 
and its strength. If a pocket lens is 
used to focus the sun on an object, the 
size of the spot, its intensity and its 
sharpness will depend upon the posi¬ 
tion of the lens. In like manner, the 
position of the focusing coil will de¬ 
termine the size, position, sharpness' 
and concentration of the electron 
beam. 

Generally the beam is focused by 
the positioning of the coil around the 
neck of the tube. However, varying 
the strength of the current through the 
coil will change the focus as well. That 
is done by varying the focus control, 
usually found at the rear of the televi¬ 
sion receiver and which is used as a 
“fine” control. 
The electron beam, now extremely 

small in size and focused properly, 
strikes the screen and, if sufficiently 
strong, causes it to glow. After having 
struck the screen, the electrons are at¬ 
tracted by the second anode and led to 
a return circuit. 
The second anode, which is oper¬ 

ated at very high voltage, is coated 
with a graphite mixture called Aqua-
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das. This coatins, on the inside of the 
cone, is maintained at a high voltage 
through a connection piercing the 
glass tube. A lead from the high-volt¬ 
age supply of the receiver is led direct¬ 
ly to this connection and snapped on. 
The connector, covered with a rubber 
suction cap to hold it in place and 
provide insulation, bears a decided re¬ 
semblance to the snap on a woman’s 
dress. 
On metal picture tubes, the metal 

cone itself acts as the second anode 
and is covered by a sheet of plastic 
insulation. The high voltage applied 
to the second anode adds a great deal 
of strength to the force with which 
the electrons strike the screen of the 
picture tube. 

After the electrons have performed 
their job of causing the screen to glow 
they are attracted and led off by the 
voltage of the second anode. If the 
electrons were allowed to float around 
in the tube vacuum, those comprising 
the electron beam itself would hit 
them and the result would be distor¬ 
tion and lack of signal strength. 
The next step is to move the beam 

back and forth across the screen so 
that it can impart the picture intelli¬ 
gence it carries. Also, it must be moved 
from top to bottom in order to cover 
the whole face of the picture tube. 
We stated earlier that the picture is 

divided into 525 horizontal lines 
which are scanned at the rate of 30 
times a second. In scanning each line 
30 times each second, the electron 
beam must travel across the screen 
15,750 times per second. The televi¬ 
sion part which does this job is called 
the deflection yoke. Like the grid, the 
deflection yoke is a coil of wire around 
the neck of the picture tube. A circuit 
in the receiver provides this coil with 

RCA 

The finished picture tube is given 
final check by a skilled inspector 

electric current, then abruptly releases 
it, at the rate of 15,750 times a second. 
As current is applied, the beam is 

pulled over the side of the screen; 
when the current is stopped, the beam 
flies back and the process is repeated. 
This operation is called horizontal 
deflection. 
The deflection yoke has a second 

coil winding which serves to move the 
beam from top to bottom at the rate 
of 30 times a second. To this coil is 
applied current with a frequency of 60 
times a second. Were this not done, 
the beam would return to the same 
spot after each horizontal sweep, and 
a single line would appear. 

Inasmuch as the odd-numbered 
lines are scanned first, then the even-
numbered lines (to help prevent flick¬ 
er); the vertical-deflection frequency 
must operate at 60 times per second, 
which will give 60 “half pictures” or 
30 complete pictures. Therefore, 60 
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times per second, the field built up by 
current applied to the vertical coils 
pulls the beam from top to bottom, a 
line at a time, and at the same time 
current is being applied to the hori¬ 
zontal-deflection coils at a rate de¬ 
signed to “paint” 525 lines each %o 
of a second. 

In the meantime the electron beam 
in the camera is being deflected at ex¬ 
actly the same rate and in the same 
way. When the home receiver is syn¬ 
chronized with the camera, a picture 
results. If the horizontal-deflection 
sweep is not “in step,” lines appear 
across the face of the picture tube and 
the owner adjusts the horizontal 
“hold” control. If the picture rolls 
around and around, the vertical de¬ 
flection sweep is “out of step” and the 
vertical “hold” control then must be 
reset. 

Little has been said about the 
screen. The inside of the face of the 
picture tube is coated with a special 
phosphorescent substance which glows 
when bombarded with electrons in 
sufficient strength and quantity. The 
length of time the glow persists de¬ 
pends on the coating substance. The 
amount of glow depends on the num¬ 
ber of electrons which strike the coat¬ 
ing. The human eye has a quality 
called retentivity of vision. This qual¬ 
ity, coupled with the glow persistence 
of the screen, gives us a complete pic¬ 
ture instead of one “painted” line by 
line. 

It is interesting to note that the 
“color,” or more properly the contrast, 
of the television picture can be con¬ 
trolled by the substance used in coat¬ 
ing the face of the picture tube. This 
makes the difference between “black” 
tubes and “daylight” tubes. In a tele¬ 
vision showroom, the difference in 

shading can be noted when a number 
of sets are in operation. 

The Ion Trap 
A device called an ion trap is found 

around the neck of a majority of pic¬ 
ture tubes using magnetic deflection. 
This generally consists of one or two 
small permanent magnets. For var¬ 
ious reasons, a varying number of ions 
are present in a picture tube. Ions are 
electrically charged particles which, 
unless deflected, will bombard the 
screen and cause an ion spot—a brown¬ 
ish circle—to appear in the center of 
the screen. 
To prevent this, some tubes have a 

face coating of thin aluminum through 
which the electrons can pass but which 
bars ions. The most common method 
is to bend the electron-emitting sec¬ 
tion of the tube so that the beam is 
aimed at the side of the tube. The ion 
trap then bends the electron beam 
back into its proper path, but the 
heavier ions travel straight on and hit 
the side of the tube without doing 
harm. 
The need for careful adjustment of 

the ion trap cannot be overempha¬ 
sized. If the beam is not properly de¬ 
flected, the electrons will strike the 
anode aperture and tear ions loose. 
These in turn will follow the beam 
and strike the screen, causing blem¬ 
ishes in the picture. 

Most picture tubes have two small 
pole pieces called flags located on the 
electron gun. The ion trap should 
never be placed forward of these lo¬ 
cators. Although in some cases a pic¬ 
ture may be obtained when the ion 
trap is misadjusted, it will not be the 
clearest or brightest possible and is 
almost sure to cause spots eventually. 
One type of picture tube has a first 
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In one type of picture tube, a 
glow appears at the limiting 
aperture of the electron gun 
to signal any misadjustment of 
the ion trap. Arrows show the 
aperture at which glow appears 

anode built into the electron gun and 
coated with a fluorescent substance 
around its limiting aperture. If elec¬ 
trons strike this aperture, a glow re¬ 
sults which is visible on the screen. 
The glow indicates maladjustment of 
the ion trap, as the electrons are strik¬ 
ing the sides of the aperture instead 
of passing through the dead center. 

Cathodes and Grids 
It can now be understood that once 

an electron beam traverses the screen, 
the screen will glow in accordance 
with the strength of the beam. There¬ 
fore, if we impress the incoming elec¬ 
trical picture energy on some strategic 
section of the picture tube, we can 
vary the strength of the beam. This 

can be done in one of two places—the 
cathode or the grid. Inasmuch as we 
already have compared the grid to a 
faucet, let us continue the metaphor. 
The greater the strength of the incom-
ing signal, the more the grid will at-
tract electrons from the cathode and 
permit them to pass on through the 
aperture. As the strength decreases, the 
attraction decreases and fewer elec¬ 
trons are permitted to pass. Thus the 
strength of the electrical energy pres¬ 
ent in the picture signal controls the 
electron flow. As it varies, the elec¬ 
tron flow varies. The signal strength 
also varies with the amount of light 
the transmitting camera “sees” as it 
“takes” a scene. Thus the television 
picture is “painted.” 

The TV camera moves in for a close-up to heighten the drama of the 
sketch, "The Last Cruise," on the popular CBS series, "Studio One" 
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Electrostatic Deflection 
One other basic type of picture tube 

is used in television receivers—the elec¬ 
trostatically deflected tube. There are 
no units around the neck, of the tube. 
Instead, focusing is done by the first 
anode. Varying the voltage between 
the first and second anodes will focus 
the beam on the screen. To replace 
the horizontal and vertical-deflection 
coils, two sets of plates are used inside 
the tube and the voltages which “pull” 
the beam are applied to these plates. 
There is no ion trap. The heavy 

ions are attracted to the second anode 
and the deflection plates, and thus can 
do no harm. Although this type of 
tube would seem to have certain ad¬ 
vantages, actually its use in tubes larg¬ 
er than 7 inches thus far has not been 
practical because of the high voltages 
necessary on the deflection plates. 

In laboratory experiments, however, 
the electrostatically focused picture 
tube has been greatly improved, and 

it is highly probable that this will be 
the most commonly used tube in the 
future insofar as focusing is concerned. 
The servicing required to maintain 
proper focus is highly simplified. 



Chapter Two 

HOW TO CHOOSE A SET 

-L HE BASIC fundamentals of tele¬ 
vision have been presented. Now we 
shall discuss the various types of tele¬ 
vision receivers and the principal parts 
in order to help the prospective pur¬ 
chaser choose a set. 

It will be assumed in the following 
discussion that the buyer is purchas¬ 
ing a receiver from a reputable dealer 
who has (1) erected a fair number of 
efficient antennas in the particular lo¬ 
cality, (2) inspected and made post¬ 
shipping adjustments to each receiver 
displayed and (3) allows the buyer to 
see performing the receiver in which 
he is interested. It would be unfair to 
criticize a television set because the 
dealer was not giving it the opportu¬ 
nity to perform efficiently. 
The desirable television receiver is 

one which gives a clear, steady, de¬ 
tailed picture with pleasing, hum-free 
sound. When the picture-carrying elec¬ 
trical energy sent out by the various 
television stations enters the receiver 
via the lead-in, some means must be 
provided to separate the energy sent 
out by the desired station from that 
transmitted by others. This work is 
performed by the tuner assembly, usu¬ 
ally designated on a receiver as the 
“channel selector.” 

Types of Tuners 
In some models, the stations are se¬ 

lected by means of a switch with a 
fine-tuning adjustment. In others the 
selector is continuously rotary like 

the action of a radio-tuning control. 
The tuner separates the desired sig¬ 

nal from the undesired. It amplifies 
this signal, which is very weak, to 
make it more usable. The amplified 
signal is then altered by “mixing” it 
with a locally generated signal. The re¬ 
sulting frequency, which is always the 
same regardless of the channel select¬ 
ed, is called the intermediate fre¬ 
quency, or just plain “i.f.” This is fed 
to a series of amplifier stages called 
i.f. amplifiers, each one of which in¬ 
creases the strength of the signal. It 
is this system of conversion to one fre¬ 
quency-regardless of the frequency of 
the station—which enables the set own¬ 
er to tune the desired signal by using 
only one control. 
Were this method not used, each in¬ 

dividual amplifier would have to be 
tuned every time a new station was se¬ 
lected. Instead the amplifiers are pre¬ 
tuned at the factory and then only oc¬ 
casionally realigned by a serviceman. 
The same principle is used in radio to 
permit one-knob tuning. Those who 
remember the days before the super¬ 
heterodyne will recall radio receivers 
which had numerous tuning knobs on 
the panel, plus honeycomb coils, all of 
which had to be adjusted for a change 
of station. 

Purchase of a television receiver 
with a poor tuner wotdd certainly be 
a mistake. However, it is nearly im¬ 
possible for a buyer—regardless of his 
knowledge of electronics—to walk into 

22 



~ All About Television 23 

a dealer’s store, examine various mod¬ 
els and their tuners and from that in¬ 
spection decide which is best. 

Fortunately this is not necessary; 
modern television receivers are almost 
all produced with good basic tuner as¬ 
semblies. Granted there are differences 
in quality; obviously a low-cost receiv¬ 
er will not have the high-quality parts 
and circuits of a receiver which costs 
a great deal more. But as far as the 
purchaser is concerned, there are only 
two points for consideration. The first 
is sensitivity. In some cases, manufac¬ 
turers have installed tuners which are 
excellent in their ability to pass on to 
the next stages the complete band 
width of the picture signal. This shows 
up in very good picture detail. At the 
same time, however, such a tuner of¬ 
ten is unable to pick up weak signals 
satisfactorily. A set of this sort would 
be a poor buy if it is to be operated 
in a fringe area. An excellent rule for 
fringe-area purchasers is to buy a tele¬ 
vision receiver from a dealer in their 
own vicinity so that they can watch a 
demonstration of its ability to receive 
the weaker stations. 
The second point to watch is shield¬ 

ing. A few tuners are not as well de¬ 
signed and shielded as others. The re¬ 
sult is a radiation of the oscillator 
signal to such an extent that these 
receivers interfere with neighboring 
television sets. This can best be 
checked by watching nearby receivers 
for interference as the channel selector 
of the set in question is changed from 
station to station in the dealer’s store. 
The switch-type tuners can be di¬ 

vided into two groups—one in which 
the parts are in one fixed piece except 
for some few alignment units, and the 
other, usually called the “turret-type” 
tuner, in which there is a separate, re¬ 

placeable plate for each television 
channel. These replaceable plates will 
make it possible to adapt the tuner to 
new television stations when the Fed¬ 
eral Communications Commission 
makes new frequencies available for 
them. In that sense, the turret type is 
the best of the switch tuners. 

Continuous-type tuners give the 
easiest tuning, however. They are also 
desirable in that they can be con¬ 
structed to cover short-wave and FM 
bands as well as television frequencies, 
and thus enable manufacturers to low¬ 
er production costs. It is questionable 
as to whether this type of tuner can 
be used to cover the new ultra-high-
frequency bands. 
As a rule, tuners are a subassembly 

mounted on the receiver chassis. In 
the event they become permanently 
defective, the complete unit can be 
replaced. 

Amplifiers 
The chosen signal is fed by the tun¬ 

er into the intermediate-frequency am¬ 
plifiers. Each amplifier consists of a 
tube and its associated components— 
resistors, condensers and coils. Its pur¬ 
pose is to amplify the strength of the 
energy it has received without block¬ 
ing any of it in the process. To make 
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certain that this is the case, the i.f. 
amplifiers are usually “stagger-tuned,” 
which means that each is tuned to a 
slightly different frequency that over¬ 
laps that of the others so that the net 
result is as complete a passage of all 
the picture details possible. 
One of the characteristics of a vac¬ 

uum-tube amplifier is that the “sharp¬ 
er” it is tuned, the more it amplifies. 
“Sharp” tuning, however, will not per¬ 
mit all the elements in the signal to 
pass through. For that reason, receiv¬ 
ers in the more expensive brackets will 
average five i.f. stages. Each one is 
operated at less than its full ability to 
amplify, but as a consequence provides 
more of the elements that make for 
fine picture detail. On the other hand, 
low-cost receivers usually have only 
three i.f. stages. Each is set for maxi¬ 
mum—or close to maximum—perform¬ 
ance, with the result that each blocks 
some of the fine-picture elements. 

For these reasons the number of i.f. 
stages a television receiver has is an 
important item for the buyer to con¬ 
sider in relation to the size of the pic¬ 
ture tube in the set being examined. 
The larger the screen, the more detail 
is necessary to give a satisfactory pic¬ 
ture. When purchasing a receiver, 
then, it can be said that the detail on 
a 12'/2-inch screen will be quite good 
with only three i.f. stages, but that a 
20-inch screen should have five. 

Detectors 
Having passed through the i.f. stages 

and been sufficiently amplified, the 
next process undergone by the signal 
is “detection.” This consists simply of 
removing the electrical energy which 
comprises the picture from the radio¬ 
frequency carriage on which it has 
been riding. The circuit which does 
this is the second detector, and is made 

up of a tube—or crystal diode—and as¬ 
sociated parts. The output of the sec¬ 
ond detector is electrical energy, the 
strength of which is varied by the 
strength of the light energy which the 
camera beam is “seeing” on its target. 
This energy is still a little bit weak, so 
that one or more video-amplifier 
stages are necessary to make the signal 
strong enough to control the electrons 
in the beam of the picture tube. The 
principles of i.f. amplifiers also hold 
true in video amplifiers. They must 
pass all the signal to give good picture 
detail; if tuned too sharply they will 
fail to do so. Low-cost sets usually have 
only one video-amplifier tube; costlier 
receivers will have two. 

Sweep Circuits 
There are other circuits in the re¬ 

ceiver which affect the picture, but 
only two can be investigated by the 
ordinary buyer. These are the hori¬ 
zontal and vertical-sweep circuits. 
These should be of sufficient quality 
to hold the picture steady so that it 
does not “roll” vertically or form lines 
horizontally. 
The efficiency of these circuits can 

be checked readily by asking the sales¬ 
man to turn the “hold” controls from 
one end to the other. In a good loca¬ 
tion, with strong signals, the vertical 
hold should give strong, positive lock¬ 
ing action. If this does not result, and 
other receivers in the same area do 
operate properly, it can be assumed 
that (1) the receiver is not adjusted 
properly, (2) the design is faulty or (3) 
is not sensitive enough to bring in an 
efficient signal. In weak-signal areas, of 
course, it is more difficult to synchro¬ 
nize the picture due to the inability 
of the synchronizing impulses of the 
transmitter to lock in the receiver 
sweep circuits. 
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This is a typical test pattern, broadcast 
on various channels when not in regular 
use. It is wise to learn how to interpret 
a test pattern and try any TV receiver on 
it before you make your purchase final 

Test Patterns 
After having satisfied himself that 

the receiver is sensitive and has good 
synchronization, the prospective pur¬ 
chaser should then see if detail is good 
and the proper shades of black and 
white are present in the picture. This 
is most properly done by means of a 
test pattern. 
At certain times of the day each tele¬ 

vision station transmits a test pattern. 
This enables station engineers to ob¬ 
serve the quality of their signal and 
servicemen to properly adjust non¬ 
operating controls, and also provides 
the buyer with a means of judging the 
quality of any receiver. It is wise to 
postpone the final selection of any set 
until you can view a test pattern on its 
screen. 
There is a trick to interpreting the 

quality of performance from the test 
pattern. Note that the pattern shown 
on these pages has a number of con¬ 
centric circles, each of a different 
shade. Also, there are four wedges 
made up of lines wide at the edge and 
narrowing toward the center. If the 
receiver is working properly, the ad¬ 
justment of the contrast control will 
show the difference in brightness be¬ 

tween any two adjacent rings to be 
constant. If the contrast control can¬ 
not be adjusted to bring about this 
result, the set is either not operating 
properly or is improperly designed. 
The wedges are used to determine 

horizontal and vertical resolution—by 
studying these, you can determine the 
amount of detail a picture will show. 
If, on viewing a test pattern, you are 
able to distinguish clearly between 
lines from the outside of the circle to 
the point where they intersect the 
bull's eye and absolutely no blurring 
is present, you are watching a receiver 
giving very nearly perfect detail. The 
farther away from the center the test 
lines begin to blur, the poorer the 
amount of detail that can be expected. 
This applies to both the horizontal 
and vertical wedges. 
Some television stations show small 

dots alongside the wedges of their test 
patterns. Each dot marks a point at 
which resolution is measured in terms 
of lines. Since practice varies with dif¬ 
ferent stations, however, these have 
little value for the layman. 

It can readily be seen that a test 
pattern can be quite valuable in pur¬ 
chasing a television receiver. Because 
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it provides a nonchanging image, it 
is much easier to check the steadiness 
of the deflection and sweep circuits on 
a test pattern than it would be on a 
changing broadcast image. 

Also, comparing the same test pat¬ 
tern on several different makes of re¬ 
ceivers will readily show which set has 
the best detail and contrast control. 
Of course, a poor antenna installation 
will distort the pattern in many ways, 
but it can usually be assumed that the 
dealer will have an excellent installa¬ 
tion in order to show his wares to best 
advantage. 

Sound Circuits 
We have thus far gone into the de¬ 

tails a purchaser can observe insofar 
as the picture section of the receiver 
is concerned. There remains the sound 
section. 

In all TV receivers the sound is 
tuned in by the same knob which 
tunes in the picture. Both signals en¬ 
ter together and pass out of the tuner 
assembly together. How this is done 
will be gone into later in the chapter 
on servicing. Here it is necessary to 
take it up briefly because unpleasant 
sound can ruin an otherwise excellent 
set. 
There are two systems currently in 

use for separating the sound signal 
from the picture signal and sending 
the sound to the speaker. In one sys¬ 
tem, the sound is fed to its own i.f. 
amplifiers at a point immediately fol¬ 
lowing the tuner. From then on it is 
treated just as it would be in an ordi¬ 
nary FM radio receiver. In the other 
svstem, the sound continues to travel 
through with the picture signal to a 
point following the video detector, 
then is taken off by itself to a fewer 
number of stages. 
The latter method is called the in¬ 

tercarrier method. Although frowned 
on at first, it has since become very 
practical and widespread in use. A 
small amount of picture detail is lost 
in the intercarrier method, but the 
sound tends to remain in synchroniza¬ 
tion with the picture. In other words, 
if the receiver is properly adjusted, 
the sound will be at its best when the 
clearest picture is tuned in. Since few¬ 
er stages are needed, the cost of man¬ 
ufacturing an intercarrier receiver is 
less. 
On the other hand, a perhaps better 

sound quality and no loss of picture 
detail can be obtained from a set using 
separate i.f. amplifiers for the sound. 
Títere is, however, the danger that 
changes in the values of circuit com¬ 
ponents will cause the sound to go out 
of synchronization with the picture. 
Taking these factors into considera¬ 

tion, it is difficult to state flatly that 
one system is the best. Here the buy¬ 
er’s own ear is the best critic and 
judge. 
As for speakers, it is generally true 

that the larger speakers found in con¬ 
sole models provide the best sound. 
Some table-model sets have two small 
speakers to make up for their inability 
to contain one large speaker. Here 
again, use your own ear. 

Dealers and Manufacturers 
Several other factors enter into the 

pun hase of a television receiver. First 
and perhaps most important is the 
dealer who sells the set. Service con¬ 
tracts to the contrary, nothing can re¬ 
place a good dealer who values your 
business and wishes you to be so satis¬ 
fied that you will return to him for all 
your future TV needs. He is interested 
in seeing that you are a happy cus¬ 
tomer, not an unhappy one. Such a 



dealer will not consider a sale com¬ 
pleted until the customer is satisfied 
with the performance of the set. 
A second consideration is the man¬ 

ufacturer. A great many companies are 
producing television receivers. Some 
of these are large and well-known 
firms; others are small and obscure. 
Some of their products are good; some 
bad. In no case should it be assumed 
that because a manufacturer is large, 
well known and does a great deal of 
advertising that every one of his prod¬ 
ucts is good. He too can make mis¬ 
takes. On the other hand, it is not as 
likely as in the case of the smaller 
maker, who doesn’t have as much of a 
reputation to uphold. But there are 
small manufacturers in the market 
whose pride is quality, not quantity, 
and these must not be overlooked. 

But don’t let these opposing factors 
bewilder you. You can easily check on 
the performance and durability of a 
set the price and appearance of which 
you like by finding a friend or a 
friend’s friend who has had one for a 
fair length of time. His candid opin¬ 
ion will be valuable. 

Since most dealers sell many makes 
of receivers, you can also ask the ad¬ 
vice of one you know and trust. In no 
case, however, should you purchase a 
set that does not bear the famous “Un¬ 
derwriters’ label.” Some cities have or¬ 
dinances which prohibit the sale of 
electrical appliances without this sure¬ 
ty that it has been inspected by an un¬ 
biased expert and pronounced free of 
fire and shock hazards. 

Other Factors in Buying 
What size of picture to buy? This is 

largely determined by the size of the 
room in which the receiver will be lo¬ 
cated, the eyesight conditions of con-
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sistent viewers and other factors which 
vary with the buyer. The same applies 
to cabinets. These should be selected 
with a view to keeping intact that fur¬ 
niture motif of the room involved. 

It will be noticed that some receiv¬ 
ers have a ring of foam rubber around 
the picture tube and pressed flat 
against the safety glass of the cabinet. 
This is merely a kind of washer, used 
to prevent dust particles from circu¬ 
lating past the face of the tube and 
gathering on the inner side of the 
safety glass. These particles will gather 
until they reach a density through 
which the picture can scarcely be seen. 
Often a serviceman is called to repair 
a set because the picture has become 
too dim, only to find that the receiver 
is functioning perfectly and the trop-
ble is caused by a thick coating of 
dust. This is prevented, or at least the 
trouble is decreased, in sets which 
have the foam-rubber washers. 
Many TV-receiver buyers are apart¬ 

ment dwellers whose landlords refuse 
permission to erect an outside anten¬ 
na. Because there are locations even 
within very short distances of televi¬ 
sion stations where the signal cannot 
be received properly without such an 
antenna, it is wise to insist that a re¬ 
ceiver be delivered for trial with an 
indoor antenna before making the 
purchase final. There is no point in 
investing a sizable sum of money in 
a set which cannot be operated effi¬ 
ciently enough to give full viewing 
pleasure. Reliable dealers realize that 
and are usually cooperative enough to 
test a set in your specific location. 
The results that one’s neighbors get 

on their receivers are not necessarily 
a true indication of the reception con¬ 
ditions throughout a building. These 
conditions vary from floor to floor as 



28 All About Television _ _ 

well as from side to side. The only 
real test is to try it and see. 

Antenna Installation 
Having decided on the make and 

model of receiver, the purchaser is 
then confronted with the problem of 
antenna installation and service costs. 
Additional sums for the erection of an 
outside antenna, a parts warranty and 
a service contract can push up sharply 
the initial cost of the set. 
A typical antenna installation which 

requires no extra lead-in, extra-haz¬ 
ardous roof work, additional antenna 
parts and masts, trick methods of run¬ 
ning lead-ins and so on will cost about 
$30. For the extra features mentioned, 
the customer must expect to pay more. 
For his $30 he can only expect a one-
bay antenna, a single mast section and 
50 feet of lead-in cable plus the nec¬ 
essary mounting hardware. The in¬ 
staller will expect to run the lead-in 
down the side of the house and into 
the interior by the easiest means. 
This is a part of television expense 

you can save yourself. As a general 
rule, installing an antenna requires 
little technical knowledge; the cost is 
merely a matter of materials. Most 
owners will be quite capable of erect¬ 
ing their own, and a section of this 
book is devoted to telling you how it 
is done. 

Warranties and Contracts 
Parts warranties and service con¬ 

tracts deserve a little more considera¬ 
tion. As a rule, the manufacturer guar¬ 
antees all parts used in his receiver to 
be free from defect for a period of 90 
days after the purchase. He will re¬ 
place a defective part free of charge 
within that time. The defective part 
must be returned with the sales slip 

or other proof of the date of purchase. 
The customer pays for the labor in¬ 
volved. This labor may be performed 
by a service company, the dealer’s serv¬ 
ice department, the manufacturer’s or 
distributor’s service divisions or the 
customer himself. 

Because it has become very difficult, 
and therefore expensive, for service¬ 
men to obtain a part immediately, 
many service companies charge a flat 
fee for such a replacement which is 
over and above the labor charge. This 
is because many manufacturers put 
all their parts into new production to 
the detriment of stocks for service re¬ 
placement. Many of them require an 
excessive amount of red-tape forms 
and waiting periods. This has made it 
necessary for service companies to 
build up their own inventories of 
parts. To recover some of the cost of 
this inventory, the service company 
may add the flat fee, usually about 
one dollar. 

Should the buyer desire, he can ex¬ 
tend the warranty on the parts in his 
receiver for one or two years. These 
long-term warranties are sometimes is¬ 
sued by service companies and some¬ 
times by dealers and manufacturers. 
The cost varies with the size of the pic¬ 
ture tube. This is not because a set 
with a large picture tube has any more 
trouble potentials, but because the 
picture tube is the most expensive part 
covered by the warranty and its cost 
increases with size. 

Parts warranties extending the nor¬ 
mal 90-day period to one year will av¬ 
erage from $10 to $30 a year, depend¬ 
ing on the size of the picture tube. 
The purchase of such a warranty is 
advisable only if moderate in cost and 
only when obtained from a reliable 
source. This is because the majority 
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Make sure the set you are considering has had its screen treated for 
glare. If not, pictures will appear ''bleached out" as shown at left 

of trouble in a television receiver 
makes itself evident in the first 60 to 
90 days of use. 
The television-set owner must face 

the fact that television service costs 
are much greater than those of radios. 
It is only natural that television trou¬ 
bles should be more frequent. The fre¬ 
quencies at which television operates 
are so high that small changes in val-
ues cause trouble which would not be 
apparent in a radio. The careful syn¬ 
chronization required of the sweep 
circuits is critical. High voltages are 
more apt to cause insulation break¬ 
downs. Television receivers generate 
a great deal of heat, which tends to dry 
out condensers, melt the wax used in 
their construction, change the value 
of resistors, etc. Television tubes don’t 
last as long as those of radio. 
But the television set of today is 

much less susceptible to trouble than 
those of 1947 and 1948. Today the 
same thing holds true of a new televi¬ 
sion set as does of a new automobile— 
the majority of difficulties will show 
up in the first few weeks of operation. 
Normal maintenance following that 
period is relatively small. Therefore, 
the need for the service contract has 

definitely lessened. And, as this need 
has decreased, fewer contracts have 
been sold, and the companies issuing 
them have had to maintain fairly high 
prices for their guarantees. 
Another important factor in the de¬ 

creased sale of service contracts has 
been the tremendous number of serv¬ 
ice firms that have come into a boom¬ 
ing market and operated with poor 
efficiency, unskilled help and often 
downright dishonesty. The buying 
public has been forced to penalize 
service companies in general because 
of the tactics of a minority. 
Meanwhile, the reliable service com¬ 

panies have looked more and more 
with favor at short-term service con¬ 
tracts and post-contract service done 
on a cash basis—that is a certain charge 
per call. Practically, this is the best 
system. If most defective parts go bad 
within 90 days—the period covered by 
the manufacturer’s guarantee — and 
most other troubles requiring the serv¬ 
ices of a trained technician show up 
in the same period, this is obviously 
the danger period and the one to have 
protection. 

Still another factor speaks against 
the high-priced, long-term contract. 
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Much of the trouble which develops 
in a television receiver is due to one of 
the small tubes going out. These can 
be readily replaced by the set owner, 
who can save himself a four, five or 
six-dollar labor charge connected with 
such a service call. How to replace 
these tubes and take care of other 
troubles is dealt with elsewhere in this 
book. 

Summary for Buyers 
It is not the purpose of this book 

to list particular television receivers 
which are “good buys” or “bad buys.” 
It is expected that the information pre¬ 
viously given will enable the purchas¬ 
er to make a wise selection. Factors 
such as picture size, cabinet type and 
finish, cost and the like are to be de¬ 
cided by the buyer himself. But it 
would be well to summarize here the 
important buying guides: 

1. Inspect the sets owned by neigh¬ 
bors to see what type of reception may 
be characteristic of your neighbor¬ 
hood, and which sets perform the best. 

2. Select a reliable dealer from your 
own locality. This applies particularly 
to suburban dwellers, who are advised 
to buy their set from a tradesman in 
their own town rather than one in 
the “big city.” This would be wiser 
even if the latter offers considerable 
“discount.” 

3. Insist upon knowing the age and 
check carefully the performance char¬ 
acteristics of sets offered below list 
prices. It is still true that one receives 
very little in this world for nothing. 
Such low-priced sets may be excellent 
and the dealer reliable, but be careful 
nevertheless. 

4. Do not expect much from trade-
ins. Used television receivers are diffi¬ 
cult to sell. An extra-large trade-in al¬ 

lowance may mean that the set the 
dealer is trying to sell is a white ele¬ 
phant in some respect. 

5. Inspect the set carefully in the 
light of picture detail, test pattern, 
sound and other points previously dis¬ 
cussed in this chapter. 

6. Make sure the receiver carries 
the usual manufacturer’s parts war¬ 
ranty. 

7. Beware of any dealer’s part war¬ 
ranty offered. Do not pay extra for it 
if it means that parts will be replaced 
under it only if the dealer’s own serv¬ 
icemen make the repair. If such is the 
case you cannot get a new tube for an 
old one and replace it yourself. 

8. Purchasing under the install¬ 
ment plan needs no discussion. The 
American public is well aware of the 
fact that payments under this method 
contain interest and carrying charges. 
If you must buy this way, make sure 
these charges are not excessive. 

9. In paying for antenna erection, 
check carefully to see just what you are 
getting. But do not feel you are being 
put upon if it states “standard installa¬ 
tion.” That means you get a regular 
fixed-type antenna with an adequate 
amount of lead-in and that is all. It 
is usually enough. Should your receiv¬ 
er require special antenna or work to 
bring in a good picture it will cost ex¬ 
tra. Be willing to pay what extra 
charges are necessary. It will be worth 
it if the company is reliable. In good 
signal areas, you can easily install your 
own antenna. There are some loca¬ 
tions, however, where no one can guar¬ 
antee a good picture on all available 
channels. 

10. Check carefully before buying 
a service contract. See if it covers both 
parts and labor. Determine just who 
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will do the work—the dealer’s own 
servicemen, the manufacturer’s service 
division or an independent group. 
One can be just as reliable as the oth¬ 
er. Note that you probably will re¬ 
ceive service only during the normal 
working week—not at night or week 
ends and holidays. It is possible that 
your contract may be voided if you 
call another serviceman for an emer¬ 
gency repair. Even reputable service 
firms require this clause because they 
cannot afford to spend hours correct¬ 
ing mistakes others have made. 

11. Bear in mind two things—first 
that the reliable dealer who charges 
you the regular price for a receiver 
usually is cheaper to deal with in the 
long run than the discount house, 

warehouse salesroom or unidentified 
merchandise store, and second that a 
television receiver is an item costly 
enough not to be bought casually. 

12. In purchasing a three-way com¬ 
bination-radio, record player and tel¬ 
evision — remember that the record 
player should be able to handle all 
speeds of records. Perhaps all your 
own records are 78 r.p.m., and you in¬ 
tend to buy none but that speed. Still, 
some kind friend might give you a 
lovely album in 33% r.p.m. As for the 
radio, make sure it has the FM band 
as well as the AM band. Otherwise you 
will have only half a radio. And finally 
make sure the television tubes do not 
burn all the time the radio and record 
player are in operation. 



Chapter Three 

INSTALLING THE RECEIVER 

--HREE localities are possible for 
a television receiver—a close-in area, a 
moderate suburban area or a fringe 
area. The first step in installing a re¬ 
ceiver, therefore, is to obtain and erect 
the proper antenna for the particular 
area. This is treated in a separate chap¬ 
ter. No such preliminary is necessary, 
of course, if the indoor or built-in type 
of antenna is to be used. 
The second step in installing a tele¬ 

vision receiver is placement of the set. 
In the majority of cases it is safe to say 
that the particular model selected has 
been chosen partially for its ability to 
fit the furnishings style of the room. 
But final placement is not always an 
easy decision to make. As one service 
technician puts it, there are three 
places where a television receiver may 
be located: where the man of the 
house wants it, where the lady of the 
house wants it and the right place! 
The fortunate family is the one in 
agreement on all three counts. 
The main thing to keep in mind is 

that a television set is primarily meant 
for viewing a picture. The sound is 
secondary and the appearance in the 
room a poor third. Therefore, the 
proper spot for the television receiver 
is the one which gives the greatest 
viewing pleasure to all concerned. If 
you sit too far to the side of a televi¬ 
sion screen, the picture will be unsat¬ 
isfactory. The maximum angle for 
good viewing is not more than 40 or 
45 degrees. If, then, the majority of 

viewing seats are within that angle, 
the placement is correct. 
The size of the screen must also be 

taken into consideration. The smaller 
the screen, the closer you must sit be¬ 
fore the lines making up the picture 
blend together to make a complete im¬ 
age. Just how far away this should be 
is impossible to say; that is a matter 
to be decided by the eyesight of the 
people who will watch the screen most 
consistently. 

Dozens of formulas have been put 
out for determining the best viewing 
distance. The best one is that which 
says “sit where the picture pleases you 
the most.” 

It is not wise to place the receiver 
where light falls directly upon the 
face of the screen through a window 
or from a lamp. Lamps can be turned 
off or moved, but a window will be 
more troublesome. Therefore the re¬ 
lation of the receiver to the windows 
is most important. For most satisfac¬ 
tory daylight viewing, locate the re¬ 
ceiver so that no direct outside light 
will fall directly on the screen. Man¬ 
ufacturers have done a great deal of 
research seeking a glareless picture 
tube, but thus far no entirely satisfac¬ 
tory solution has been reached. 
The picture should not be viewed 

in a dark room. Some other light 
should be turned on lest considerable 
eyestrain result. “Television lamps” 
are available for placing on top the 
receiver to provide light in the room 
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without ruining the picture. Basically, 
the same thing can be done with any 
small lamp, of course. The point to 
bear in mind is that although a lamp 
may not show a reflection to all the 
viewers, the reflection it does give 
the screen may be offensive to some 
sitting elsewhere. 
The receiver should be placed in 

such a way that there is sufficient ven¬ 
tilation space between the back of the 
cabinet and the wall. Quite a bit of 
heat is generated in a television set 
and this must be dissipated. Unless 
proper ventilation is provided, this 
heat will cause rapid deterioration of 
parts and resultant operation failures. 

It follows, too, that a television re¬ 
ceiver should not be placed near a ra¬ 
diator or other heat outlet. In com¬ 
mercial installations, the farther away 
the receiver is from neon signs, cash 
registers, cooler motors and the like, 
the more satisfactorily it will operate. 
Interference from such devices can 
ruin an otherwise perfect picture. 
Few homes have rooms especially 

built for television. Therefore, it is 
seldom that the placement of a receiv¬ 
er is not a compromise location. If 
common sense is used, there is no need 
to observe distance formulas, viewing 
angles, special lights and the like. 
The main points to remember in 

placing a receiver are: proper ventila¬ 
tion, avoidance of reflections, correct 
background lighting, avoidance of in¬ 
terfering devices and above all the 
greatest pleasure to the greatest num¬ 
ber of viewers. 

The Lead-In 
Having erected the antenna and 

placed the receiver, the next step is 
to connect the lead-in wire. In some 
receivers this is simply done by twist-
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ing the two conductors of the lead-in 
to the corresponding two conductors 
which stick out of the receiver cabinet. 
In most sets today, however, a terminal 
strip with two or three connecting 
screws is used. Full directions for con¬ 
necting the antenna lead to the receiv¬ 
er are given in the antenna section. 

Safety Precautions 
In connecting the power cord to a 

wall receptacle, some elementary safe¬ 
ty precautions should be taken just as 
they would be in plugging in any elec¬ 
trical appliance. Not only is a long 
power cord an unsightly mess, but it 
constitutes a fire and shock hazard as 
well. A wall receptacle should be near 
the receiver. If none is available, it is 
best to install one. If it is absolutely 
necessary to use an extension, it should 
be run through the proper length of 
“channel run,” which is made for just 
such purposes and is obtainable at 
hardware and electrical-supply stores. 
Make sure the wire contained in such 
“channel run” is heavy enough to 
stand the amount of wattage it will 
have to carry. The wattage demand of 
the television receiver is always 
stamped on the chassis. Convenience 
outlet channels are rated in the same 
way, and those safe to use will bear 
the label certifying that they meet Un¬ 
derwriters’ specifications. 

Adjusting the Set 
With power cord connected, the set 

is ready to be turned on. The switch 
for doing this is usually incorporated 
with one of the front-panel controls 
for volume, brightness or contrast. All 
television receivers come with direc¬ 
tions for operation and will tell exact¬ 
ly how to do this. Read these instruc¬ 
tions carefully; they are published for 
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Primary controls always are found 
at the front of the receiver cabinet 

your benefit and not because the man¬ 
ufacturer likes to have literature print¬ 
ed at some expense. 
Allow the set to warm up, a matter 

of a minute or so. Carefully watch for 
signs of arcing or any smell of burn¬ 
ing. Occasionally, but very seldom, a 
receiver will develop a short circuit in 
shipping. If this happens and you 
smell burning or hear a crackling 
sound in the cabinet indicating arc¬ 
ing, turn the set off immediately and 
return it for replacement. 

After the warm-up period, select 
any station in your area on the chan¬ 
nel selector and turn up the volume 
control a little, also the brightness and 
contrast controls. As the brightness is 
advanced from the “off” position, 
which is generally found fully clock¬ 
wise, the raster will begin to glow. 
The raster is the rectangular area 
which is scanned by the electron beam. 
Tune the station in until the sound is 
heard and a picture image appears on 
the face of the screen. Continue to ad¬ 
just the brightness and contrast con¬ 
trols until the image—when perfectly 
tuned in—is pleasing to the eye. 

If the picture rolls around and 
around vertically, the vertical sweep 
circuit is not properly adjusted. To 
remedy this, make the necessary ad¬ 
justment with the vertical hold con¬ 
trol. Turn the control so that the pic¬ 
ture is just barely drifting down. Then 
reverse the control slightly, moving 
the picture upwards, and it will snap 
into place. 

If the picture seems to be moving 
sideways, or is “pulled” like taffy from 
side to side, or consists of a number 
of coarse, horizontal lines which ob¬ 
scure the picture, then the horizontal 
hold must be adjusted. Turn it slowly, 
observing that as synchronization of 
the horizontal sweep circuits is ap¬ 
proached, the lines tend to become 
fewer and more vertical until suddenly 
they disappear and the picture ap¬ 
pears. Continue on past this point 
until synchronization is lost in the op¬ 
posite direction. Reverse the control 
to a point midway between that where 
it goes out of synchronization in one 
direction and where it goes out in the 
other. This will be the proper setting 
for the horizontal hold control. 
Once a picture has been tuned in 

this manner, no further adjustments 
should be made on the receiver itself 
for the moment until the antenna has 
been given its final orientation in the 
desired direction. Final orientation is 
described in the chapter on antennas. 
Unless the antenna is properly orient¬ 
ed to bring in the strongest and most 
ghost-free signal, adjustments made 
with any controls on the receiver can 
do more harm than good. 

Test-Pattern Adjustment 
Now, with the antenna oriented and 

a picture on the screen, is the time to 
make any final adjustments necessary. 
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Here again there are two ways to do 
this adjusting. The wrong way is to 
make these adjustments with an ordi¬ 
nary picture on the screen. The right 
way is to be patient until a test pat¬ 
tern is available. Without a test pat¬ 
tern, it is impossible for the linearity, 
height, width and focus controls to be 
adjusted properly. Some images may 
look all right with adjustment faulty, 
but others most definitely will not. An 
image is not to be relied upon. There 
are servicemen who are quite skilled 
in adjusting these controls without a 
test pattern, but even these prefer to 
wait until the pattern is available and 
the job can be done properly and a 
great deal easier. 

Pictures of test patterns and images 
are shown with this chapter to illus¬ 
trate the defects evidenced on the 
screen by incorrect adjustment of sec¬ 
ondary controls. In making these ad¬ 
justments, always try the simple things 
first, the complicated corrections last 
when other attempts have failed. A 
good, clear detailed picture will result 
if the test pattern is circular in shape, 
if the wedge lines showing horizontal 
resolution are well defined toward the 
center of the pattern, if the shades of 
gray in the center concentric circles 
are sharply marked, if the whole pic¬ 
ture is contained within the mask with 
no black edges and there are no 
“ghosts” present. 

On a few receivers, some secondary controls are mounted on the front 
of the cabinet in addition to the primary controls always found there 
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Vertical hold 
control is 
misadjusted 

In almost all cases, the presence of 
ghost images is indicative of a poor an¬ 
tenna installation. Poor definition of 
the black, white and gray shades is due 
to poorly adjusted brightness and con¬ 
trast controls. Very poor horizontal 
resolution is caused by misalignment 
and the correction is a job for a quali¬ 
fied serviceman equipped with test in-

Picture control misadjusted Sound in the picture Horizontal centering misadjusted 

♦ 

Brightness control misadjusted Interference from diathermy, etc. Vertical centering misadjusted 

Weak signal Focus coil, ion trap misadjusted Deflection yoke misadjusted 

Interference from another signal Focus control misadjusted Vertical linearity misadjusted 
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struments. If the pattern does not fit 
snugly into the area marked off by the 
mask, or if the test pattern is not cir¬ 
cular in shape, adjustment of the sec¬ 
ondary controls and the components 
around the neck of the picture tube is 
indicated. These are adjustments that 
most set owners will be able to learn 
to do themselves. 

Horizontal 
oscillator 

misadjusted 

Horizontal linearity misadjusted Reflections Horizontal hold misadjusted 

Width control misadjusted Transient ghosts Auto ignition interference 

Horizontal drive misadjusted Horizontal hold misadjusted Light diathermy interference 
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Secondary controls behind the cabinet are adjusted with screwdriver 

Adjusting Secondary Controls 
A preliminary word of warning be¬ 

fore you touch the secondary controls. 
There is always the chance that your 
diagnosis is incorrect, and that a par¬ 
ticular control is set correctly and 
should not be changed. When this 
happens, you will want to return it to 
its original position. Before altering 
the position of any secondary controls, 
therefore, it is wise to mark each one 
in such a manner that it can easily be 
reset as it was. On threaded controls, 
this is best done by measuring with a 
ruler the distance the shaft sticks out 
from the chassis. The other type of ad¬ 
justment screw, which has a smooth 
shaft and either a screwdriver slot or a 

knurled head, should be marked with 
a soft pencil or a crayon to show its 
position. Bringing back the controls 
as they were then becomes a simple 
matter. 
Another important warning is nec¬ 

essary before you touch the controls 
around the neck of the picture tube— 
the ion trap, the focus coil and the 
deflection yoke. Any adjustment of 
these units must be done with the back 
cover of the receiver off and the power 
turned on. The chances are that your 
set or the instruction manual which 
came with it bears a warning that the 
back cover should never be removed 
except by a serviceman. It is this which 
frightens many people and which does 
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present somewhat of a hazard when 
due caution is not exercised. However, 
it is done many times a day by serv¬ 
icemen and can be done equally safely 
by an amateur. 
The usual receiver has a special 

power cord which automatically dis¬ 
connects when the cover is removed. 
It will therefore be necessary to get an 
extra power cord so that the set can be 
turned on when making tube-neck 
adjustments. 
The contacts, or tie lugs, which are 

on the inside portion of the power¬ 
cord socket are often exposed. Do not 
brush up against these or touch them; 
they carry the normal 110-volt house 
current. Other dangers are slight. The 
high-voltage lead to the picture tube 
is generally well forward and out of 
the way of the neck units. The high-
voltage power supply is itself always 
completely enclosed in a metal cage. 
Illustrations on pages 83-85 show the 
high-voltage points in typical televi¬ 
sion receivers. The units themselves 
are insulated and are quite safe to 
touch and adjust. 

In making neck-unit adjustments 
and those necessary with the secondary 
controls, a mirror should be placed in 
front of the picture at an angle at 
which you can see the result of your 
adjustments while standing at the rear 
of the cabinet. To save wear and tear 
on your patience and disposition, it is 
best to prop the mirror on a chair or 
table. Members of the family drafted 
to hold the mirror are likely to get 
tired or shift the mirror too often. 
The following picture defects are 

typical of those corrected by adjust¬ 
ment of the secondary controls and 
the units on the neck of the picture 
tube: 

1. Picture tilted up in one corner, 

down in another. This is corrected by 
shifting the deflection yoke. These 
yokes are held in position on a metal 
frame. The yoke itself is held firm by 
setscrews or by bolts with wing nuts. 
To move the yoke, loosen the bolts 
which hold it to the frame. Rotate the 
yoke until the picture is level and 
tighten the setscrews. This is the only 
correction that can be made with the 
deflection yoke. This unit contains the 
two sets of coils which pull the elec¬ 
tron scanning beam across the screen 
and from top to bottom. If they are 
tilted so that the beam is not carried 
across in a horizontal plane and pulled 
down vertically, then the picture will 
be tilted also. 

2. Pattern not centered vertically. 
In receivers which have a rotary verti¬ 
cal-centering control, this is remedied 
simply by rotating the control until 
the picture is centered. (At no time 
should the picture or test pattern be 
centered either horizontally or verti¬ 
cally by using the height, width or lin¬ 
earity controls.) 

Other receivers have a shaft sticking 
through the back cover of the receiver 
and marked “Centering.” This shaft is 
fixed to the focus coil and enables the 
operator to adjust this coil without re¬ 
moving the back cover. 

In receivers where there is neither 
a vertical-centering control nor a shaft 
control, the back must be removed and 
the focus coil adjusted by hand. The 
focus coil is generally fixed in place 
in the same manner as the deflection 
yoke, and may be shifted in the same 
way. In some receivers, however, a pat¬ 
ented arrangement is used which per¬ 
mits the adjustment to be made by 
screws. 
The focus coil performs the same 

function for the electron scanning 
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beam that a lens performs for a flash¬ 
light beam. It must be centered per¬ 
fectly so that the action of the deflec¬ 
tion circuits is properly carried out 
through the deflection yoke. 

3. Pattern not centered horizontal¬ 
ly. The horizontal-centering control, 
the shaft-type centering control or the 
focus coil are used in making this ad¬ 
justment just as they are in adjusting 
vertical centering. The theory is the 
same in both cases. Likewise, the 
width and horizontal-linearity controls 
are not to be used in making this ad¬ 
justment. 

4. Poor focus; objects blurred. This 
is almost always cared for by a simple 
adjustment of the focus control. If the 
focus control does not remedy the 
fault, the focus coil must be reposi¬ 
tioned. When this is done, however, 
put the focus control at a midway po¬ 
sition so that after final adjustment is 
made there is “play” in both direc¬ 
tions for the focus control. In some 
cases of poor focus, adjustment of the 
ion trap is called for as noted in step 
5, following. 

5. One or more corners cut off. This 
defect usually calls for one of two ad¬ 
justments, and sometimes both. Ad¬ 
justment of the focus control should 
be attempted first—either directly or 
by means of the shaft labeled “Center¬ 
ing.” If this fails to correct the trou¬ 
ble, it probably will be necessary to 
adjust the ion trap. The position of 
the ion trap on the neck of the tube is 
critical. The most common type is a 
ring which encircles the neck and 
which has welded to it one or two 
small magnets. If two, the smaller 
magnet is put toward the screen. Ad¬ 
justment of the ion trap is made by 
rotating it slowly and carefully in both 
directions and by moving it back and 

forth along the neck. Do this until 
(a) all four corners of the picture are 
visible, (b) all parts of the pattern are 
in focus and (c) the picture is at its 
brightest. 
Some receivers use a type of picture 

tube which has a built-in ion trap— 
this of course will not permit adjust¬ 
ment. 

6. No picture, but sound is present. 
Adjust the ion trap. If this does not 
cure the trouble, refer to the chapter 
on servicing. 

7. Pattern is distorted vertically. Ad¬ 
just the vertical-linearity control and 
height controls carefully. This adjust¬ 
ment is one that will have to be re¬ 
peated a number of times before satis¬ 
factory results are obtained. It is ad¬ 
visable to mark the position of the 
controls before repositioning them. 

8. Pattern is distorted horizontally. 
Adjustment of the horizontal-linearity 
control and the width control is in¬ 
dicated here. Remember that these 
two controls and the horizontal drive 
affect each other so that it may be nec¬ 
essary to make readjustments each 
time one is changed. 

Occasionally it will be noticed that 
perfect linearity is obtained on one 
station but that the pattern on another 
station is slightly irregular. This is 
caused by an irregularity in the sweep 
circuits at the station transmitter, and 
cannot be cured in the receiver. As 
station standards are high, this will be 
unusual if it does occur and generally 
will be of short duration. 

9. Bright vertical line down one 
side of screen. This is caused by too 
much horizontal drive. Turn the hor¬ 
izontal-drive control counterclockwise 
until the line disappears. For other 
causes of this trouble, see the chapter 
on servicing. 
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ERECTING THE ANTENNA 

_ _IME spent in studying television 
antenna systems and in choosing the 
right one for your locality will be well 
spent. No matter how excellent the 
design and inherent performance of a 
television receiver, the best picture 
and sound will not be obtained with¬ 
out a good antenna system. A poor 
receiver with a good antenna system 
often will perform better than an ex¬ 
cellent receiver with a poor antenna. 

Situations in which indoor antennas 
work as well or better than outside an¬ 
tennas are very rare. This is so excep¬ 
tional that it can be readily assumed 
that the best antenna you can use is 
erected outside a building at some 
height above the building itself and 
well clear of power lines and other ob¬ 
structions. 
Taking that as a starting point, you 

should then cast your eyes around the 
neighborhood to see what types of 
antennas are used by other television 
owners in the area. If at all possible, 
pay some calls on neighbors and watch 
the performance of their receivers. 
This will enable you to reach certain 
conclusions. If all the TV sets in the 
area receive one channel poorly and 
the rest well, that one channel ob¬ 
viously is not putting a strong enough 
signal into the area for good recep¬ 
tion. If, however, several receivers get 
all stations well and one receiver 
shows poor results on one or more 
channels, the inference to be made is 
that either the wrong kind of antenna 

is being used or the antenna itself is 
not oriented correctly. To make sure, 
check with the owner to see if this 
poor reception on one channel has al¬ 
ways been the case. It is possible that 
his receiver may be defective. 

If some of the owners in the neigh-o 
borhood state that they can get good 
reception on all channels by changing 
the antenna position with each change 
of station, then an antenna with an 
antenna rotor or with several units 
which can be oriented separately may 
be needed. 
You definitely cannot expect good 

pictures with a simple, low-mounted 
antenna if all other receivers in the 
area require an extremely high mast 
and multiple-unit antennas. Of course, 
the reverse also holds true: Fancy an¬ 
tenna structures are not required 
where most receivers are getting ex¬ 
cellent results from attic antennas. 

Skywaves arid Groundwaves 
A little basic antenna theory will 

help clarify the problem. When radio¬ 
frequency energy is broadcast by the 
antenna of a transmitting station, it 
behaves in accordance with certain 
natural laws. Some of it is aimed sky¬ 
wards and some of it goes straight out 
from the antenna. The former is 
called the skywave, the latter the 
groundwave. The lower the frequen¬ 
cy, the more the skywave is reflected 
by the ionosphere, an electrically 
charged atmospheric layer beginning 
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Your antenna is your sentinel of 
the skywave— it's as important to 
good reception as your receiver TV 

about 25 miles above the surface of 
the earth. The higher this frequency, 
the more this radio energy in the sky-
wave tends to pierce the ionosphere 
until, at a certain point, none of it is 
reflected and that portion of the ener¬ 
gy is lost. The frequencies of televi¬ 
sion are high enough for this to hold 
true. Therefore this portion of the 
television energy cannot be used. 
What is used is the groundwave, or the 
energy that is emitted straight out 
from the antenna. For practical pur¬ 
poses, when the term signal is used, 
that is the energy referred to. 
This signal has another very impor¬ 

tant characteristic in common with 
light energy other than its ability to 
travel at 186,000 miles per second. It 
is that, like light, it is reflected by solid 
objects. If a light bulb is so placed 
that it shines on a number of objects, 
it will readily be noticed that imme¬ 
diately behind the object on the side 
away from the bulb there is a deep 
shadow. As one progresses farther 
away from the object, the shadow 
tends to lose its “deepness” until it 
seems that the light has “bent” around 
it and the light from each side of the 
shadow is joining together to provide 

some illumination despite the obstruc¬ 
tion. Also, the farther away from the 
light you get, the weaker the illumina¬ 
tion becomes. 
The television signal behaves in ex¬ 

actly the same way. If a solid metal 
wall were to be constructed at the 
same height as the television antenna, 
there would be no signal immediately 
behind it. At some distance farther on, 
however, traces of the signal would be¬ 
gin to appear until it had reached a 
strength that would be equal to that 
one might expect at that distance had 
no obstruction been present in the 
first place. Thus, one can expect the 
signal to be stopped by certain sub¬ 
stances just as light is stopped. 

Secondly, place a mirror in front 
of a light and the mirror will reflect 
it. Other objects also will reflect light; 
the whiter and glossier the surfaces 
the more light is reflected. In the same 
way, television is reflected by objects 
it strikes; some reflect more than oth¬ 
ers. It is these characteristics of the tel¬ 
evision signal—or rather the frequen¬ 
cies at which it operates—that make a 
television-antenna installation a mat¬ 
ter of great importance to good-qual¬ 
ity picture reproduction. 

Ghost Images 
Let us suppose that a television an¬ 

tenna is receiving a signal directly 
from a television station. This signal 
is traveling at the rate of 186,000 miles 
per second. It takes a certain amount 
of time—very short, of course—to reach 
the antenna. 
Now let us suppose that off to one 

side of the direct path of the signal is 
a lame building. The signal also is 
reaching this building. Because it can 
be reflected, however, some of the sig¬ 
nal is bounced off and reflected to the 
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receiver antenna. But the reflected sig¬ 
nal travels a longer distance than that 
which goes directly to the receiver an¬ 
tenna and must take a longer time. It 
enters the tuner of the receiver a bit 
later than the direct signal, travels 
through the receiver at the same dis¬ 
tance behind it and arrives at the elec¬ 
tron beam still the same distance be¬ 
hind the direct signal. 
The result is a picture that is mis¬ 

placed on the screen of the receiver 
tube. Because it has lost some of its 
energy in being reflected, it is also a 
weaker signal than the direct one. The 
“second” picture is then a bit weaker 
than the main picture. This phenom¬ 
enon is called an echo, or more famil¬ 
iarly, a “ghost.” 

Other defects or troubles can cause 
ghosts, such as mismatched imped¬ 
ances, but these are uncommon. Pri¬ 
marily, ghosts are caused by reflected 
signals, and the most effective means 
of eliminating them is a suitable and 
properly installed antenna. 

It is most important, therefore, in 
areas where there are many objects to 
reflect the television signal, that an an¬ 
tenna be used which has the ability to 
receive only the signal desired and to 
reject all others. 
Some ghost images are so faint they 

cannot be distinguished on the screen, 
but they do blur the picture. Others 
are so distinct that it is like watching 
two characters in a scene, one the twin 
of the other, where only one should 
be. Under such circumstances the pic¬ 
ture cannot be enjoyed and you might 
as well not have a television receiver. 

Technical Factors 
The purpose of an antenna system 

then, is to pick up all the desired sig¬ 
nal possible, to exclude any signal not 

wanted — such as interfering signals 
from the rear—to amplify the signal if 
possible and carry it down to the tele¬ 
vision receiver itself. The illustration 
here shows a basic television antenna 
system—the antenna itself, the support¬ 
ing mast and the transmission line or 
lead-in wire. 

It would be advisable at this point 
to review the characteristics of the ra¬ 
dio-frequency energy which is sent out 
by the television transmitter and on 
which the electrical energy comprising 
the picture and sound is “riding.” We 
have seen that radio energy travels 
with the speed of light, or 186,000 
miles per second. For the purposes 
of radio engineering, this is translated 
into the international measuring unit 
—the meter. The meter is 39.37 inches 
long: 1609.35 of these are equal to one 
mile. Therefore, the round figure-
300,000.000 meters—is given as equal 
to 186,000 miles. So, radio energy trav¬ 
els at the rate of 186,000 miles or 300,-
000,000 meters per second. If a trans¬ 
mitting station is sending out energy 
at the rate of 100,000,000 cycles per 
second, the first one will have traveled 
the 300,000,000-meter distance just as 
the last one has been completed and 
started on its way. Thus, we have a 
distance of 300.000,000 meters con¬ 
taining 100,000,000 cycles. Dividing 
the distance by the frequency: 

300.000,000 
- ~ 3 
100,000,000 

Thus, each cycle is 3 meters long. 
This distance is called the wavelength. 
The frequencies of television signals 
are so high that to use the unit of the 
cycle would be unwieldy, so the term 
“megacycles” is used instead. A mega¬ 
cycle is one million cycles, so that the 
illustration of 100.000,000 cycles used 
above would be referred to as 100 
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megacycles. This enables us to reduce 
the figure 300,000,000 to 300. There¬ 
fore the equation just given would be: 

- :- = wavelength in meters 
frequency in megacycles 

The term megacycles is usually ab¬ 
breviated thus: me. Inasmuch as feet 
and inches are more commonly used 
in general measuring than meters and 
centimeters, the following formula can 
be used for ease in calculation: 

Wavelength in ft. = 
OS! 

frequency in me. 

In order that those who desire to 
make their own antennas can do so 
without excessive calculations, the fol¬ 
lowing factors should be mentioned. 
The most commonly used measure¬ 
ments in antenna design are the half 
wave and the quarter wave. Because 
of certain characteristics, the practi¬ 
cal lengths used in antennas are about 
95 percent of the actual wavelength. 
Therefore, the length of a half-wave 
antenna for a signal of 100 megacycles 
would be determined in this manner: 

W 
Wavelength — - — 9.84 ft. 

0 100 

984 I/2 wavelength — = 4.92 ft. 

Length of half-wave antenna = 
.95 X 4.92 = 4.68 ft. 

The fundamental half-wave anten¬ 
na length can be obtained directly by 
this formula: 
Antenna (half wave in ft.) = - -

frequency (me.) 

or, 

Half-wave antenna — -
frequency (me.) 

and the length of a quarter-wave an¬ 
tenna would equal: 

56.16 (in.) 

f (me.) 

Thus, at 100 megacycles, a quarter¬ 
wave antenna is 2804 divided by 100, 
or 28.04 in. This fundamental quarter 
wave is important. Larger antennas 
are, as a ride, made up of a number of 
quarter-wave elements. The half-wave 
antenna, which is generally termed a 
“dipole,” consists of two quarter-wave 
elements laid end to end about an 
inch apart. These elements are made 
of tubing, aluminum alloys being the 
most common materials because of 
their light weight, rigidity, weather 
resistance, etc. They are clamps at the 
ends of a block of insulating material 
such as Bakelite or one of the newer 
plastic compounds. A two-wire lead-in 
is connected, one wire to each element. 

The Dipole Antenna 
This is the basic antenna used in 

television, and all others are the half¬ 
wave or quarter-wave antenna in one 
form or another. The basic antenna 
has the ability to receive signals with 
equal strength from front or back. Sig¬ 
nals from the directions to which the 
ends are pointed will not be received. 
Thus, one of its characteristics is one 
highly desired: It is directive and must 
be “aimed.” 

Secondly, an antenna cut to a half 
or quarter wave of one specific fre¬ 
quency is decidedly more responsive 
to that frequency than to any other. In 
other words, an antenna which is a 
half wave long in respect to 100 mega¬ 
cycles will receive signals at that fre¬ 
quency better than those at any other 
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frequency. An antenna cut to size for 
Channel 5 will work well for that fre¬ 
quency but not receive signals on 
Channel 8 nearly as efficiently. 
One of the characteristics of any an¬ 

tenna is its “impedance.” The im¬ 
pedance of a dipole antenna is 72 
ohms. This can be compared to an 
ordinary water pipe. Let us suppose 
water is flowing in the pipe and is 
to be drawn off at mid-point—the same 
point where the television lead-in 
draws off the energy received by the 
antenna. The pipe into which the wa¬ 
ter will be fed is 1 inch in diameter. 
Obviously, a fitting with a 1-inch 
thread must be used if a smooth and 
efficient flow of water is to be ob¬ 
tained. Likewise, in radio and televi¬ 
sion, impedances must be matched to 
enable a maximum transfer of energy. 

Inasmuch as television lead-ins of 
various types all have a characteris¬ 
tic impedance of their own, the proper 
one must be chosen. For a dipole an¬ 
tenna with an impedance of 72 ohms, 
one would use either a 72-ohm coaxial 
cable or a “twisted-pair” line, both of 
which are obtainable at a radio-parts 
store. 

The Folded Dipole 
It has been stated that television 

channels are 6 megacycles wide. The 
five channels in the lower band cover 
a frequency range of 54 to 88 mega¬ 
cycles. Under normal circumstances, 
the signal is strong enough to over¬ 
come the “sharp-tuning” of an anten¬ 
na if helped out just a little bit, so that 
a single antenna can receive all the sta¬ 
tions on one band. One method of 
“helping” the antenna is to enable it 
to tune more broadly by using a “fold¬ 
ed dipole.” 
A folded dipole is basically two half¬ 

wave antennas or dipoles with their 

outer ends connected. There are two 
advantages in using a folded dipole: 
(1) it has an impedance of 300 ohms, 
thus making it more desirable from an 
engineering standpoint and (2) it will 
receive efficiently over a wider band of 
frequencies. 
The standard flat-tape lead-in made 

of two parallel wires held a fixed dis¬ 
tance apart by a plastic compound is 
usually of 300 ohms impedance. Also, 
the normal input impedance of most 
television receivers is 300 ohms. 
Therefore, using an antenna system 
which has an impedance of 300 ohms 
simplifies things considerably. By the 
same token, a water system using a 
1-inch pipe throughout would be sim¬ 
pler than one requiring reducers here 
and there to enable the fitting togeth¬ 
er of pipes of various sizes. 
The folded dipole is like the basic 

dipole in that it will receive signals 
equally well from the front or the 
rear. This is not always desirable, par¬ 
ticularly where an echo signal may be 
interfering with the desired station. 
To prevent this, a reflector is added to 
the antenna. A reflector is an addi¬ 
tional element about 5 percent longer 
than the antenna itself and spaced one 
quarter of a wavelength behind the 
antenna. Two advantages come with 
the use of a reflector: (1) it stops sig¬ 
nals from the rear and (2) it tends to 
add what it receives of the desired sig¬ 
nal to the antenna so that it increases 
the gain. 

Antenna Patterns 
By using test receivers, transmitters 

and other measuring devices, radio 
engineers have been able to draw pat¬ 
terns showing the manner in which 
various types of antennas will receive 
signals. The pattern in the accompany¬ 
ing illustration shows a simple half-
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wave antenna — or dipole — and the 
strength or ease with which it receives 
signals from various directions. 

T-I, T-2, T-3 and T-4 are points 
from which a signal is sent. They 
could be transmitters, or, because ob¬ 
jects reflect television signals, they 
could be reflecting surfaces. Notice 
that the antenna receives signals of 
the greatest strength from T-l and 
T-4, which are points at 90-degree an¬ 
gles with respect to the line of the an¬ 
tenna. The signals decrease in 
strength, or, more accurately, the an¬ 
tenna decreases in sensitivity, as the 
angle with respect to the antenna line 
becomes less than 90 degrees. At 60 
degrees a weaker signal is received; at 
30 degrees (T-3) the signal is still 
weaker and at a point in line with the 
antenna is not received at all. 

If each of these signabgenerating 
points were a reflecting object, it 
would be unlikely that T-3 would 
cause a ghost image since the signal is 
received so weakly. The signal from 
T-2, however, would be received with 
sufficient strength to cause a bad ghost. 

If we assume that T-l is the desired 
television station, T-4 would likely be 
the worst ghost offender, as the signal 
which hits it and bounces back to 
the antenna is received at a strong 
point. Because it takes longer to reach 
T-4 and back to the antenna than it 
does directly from T-l, this reflected 
signal will reach the receiver later and 
cause a definite ghost on the screen. 
To stop this signal from the rear, the 
reflector is used with the accompany¬ 
ing resultant pattern. 
Note on page 48 that signals coming 

from the rear are virtually blocked by 
the reflector element, which is about 
one half wave long and spaced one 
quarter wavelength away from the di¬ 
pole antenna itself. It is not connected 
to the dipole antenna. Elements of 
this type used with an antenna are 
called “parasitic” elements. 
The reflector has done a little more, 

however, than to merely stop signals 
from the rear of the antenna. It has 
also increased its responsiveness to sig¬ 
nals from the front slightly and has 
tended to “sharpen” the reception pat¬ 
tern. However, this may not have been 
enough to rid the receiver of the ghost 
image from T-2 at 60 degrees, so an¬ 
other means must be used in conjunc¬ 
tion with the dipole and its reflector 
to make the dipole still more direc¬ 
tional. This is done by adding anoth¬ 
er parasitic element. This is placed 
one eighth of a wave in front of the 
dipole and is called a “director.” 
Adding a director to the two-ele¬ 

ment antenna changes the pattern 
considerably. Signals off to one side 
are no longer received with sufficient 
strength to show up on the picture 
screen. Furthermore, the antenna has 
become more sensitive, with the re¬ 
sult that it will now receive more ef-
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ficiently any signal approaching it 
from the front. For this reason, multi¬ 
element antennas are used with good 
results in fringe areas. 

Certain disadvantages occur when 
elements are added to an antenna sys¬ 
tem. First of all, it becomes less re¬ 
sponsive to signals on a frequency 
other than that to which the antenna 
was cut. Suppose, for example, that 
the three-element antenna shown has 
been built for the frequency of Chan¬ 
nel 2. it will not receive Channel 8 
quite as well, Channel 4 will be poor¬ 
er still and Channel 5 still worse. As 
for the channels (7 through 13) on the 
high-frequency band, it is quite likely 
that the antenna will not respond. 

In order to compensate to some ex¬ 
tent for this sharp tuning, a folded di¬ 
pole antenna is used in place of the 
simple dipole. In effect, this makes 
use of a bigger “basket” to catch the 
energy. The net results are the same 
as far as directivity and response to 
weak signals are concerned. Further¬ 
more, the impedance of the folded di¬ 
pole is 300 ohms, which is a direct 
match of the conventional 300-ohm 
flat-tape lead-in and with the imped¬ 
ance of the conventional television re¬ 
ceiver, so that the same size “pipe” is 
used throughout the system. 

Yagi Antennas 
Additional directors may be added 

to an antenna. Each one sharpens the 
tuning so that it becomes less and less 
responsive to other frequencies. On 
the other hand, the antenna becomes 
more responsive to weak signals at the 
frequency for which it was cut. For 
this reason this type of antenna is used 
very frequently and with excellent re¬ 
sults at considerable distance from the 
television station, or well out in the 
fringe area. 

The general term used for the an¬ 
tenna which employs directors and re¬ 
flectors is “Yagi.” Five-element Yagi 
antenna systems are common sights in 
the fringe areas. The disadvantage of 
the sharp tuning characteristic of the 
Yagi antenna makes it necessary for a 
separate antenna system to be erected 
for each station received. In many sec¬ 
tions of the country, however, only 
one television station is available any¬ 
way. 
One matter should be clarified here. 

In the illustrations in this chapter, the 
reflectors, directors and dipoles have 
been shown as one half wave long. Ac¬ 
tually the reflector is a little longer 
than a half wave, the dipole a little 
less and the director still less than the 
dipole in length. Rather than provide 
complicated formulas for these 
lengths, charts are given showing the 
lengths of the elements for each of the 
various television channels. 

What Kind of Antenna? 
The antenna theory given thus far 

still leaves the set owner with the 
problem of what kind of antenna to 
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buy among the many on the market. 
We shall try to give that practical ad¬ 
vice now. 
What you want, of course, is good 

gain, good directivity, good impedance 
match, an acceptable transmission line 
and mechanical strength. The gain of 
the antenna—that is, its ability to am¬ 
plify the signal it receives and passes 
on to the receiver, is of great impor¬ 
tance as one goes farther away from 
the transmitter into the weak signal 
areas. In areas where buildings or oth¬ 
er structures make it likely that ghosts 
will be a problem, a high degree of di¬ 
rectivity is essential in the antenna. It 
is always important that the antenna 
be electrically correct, so that the im¬ 
pedance of the antenna matches the 
transmission line. Otherwise the bene¬ 
fits derived fiom the gain of the an¬ 
tenna might be entirely cancelled as 
well as the ghost-free benefits gained 
from directivity. 

Finally, as the antenna is to be 
erected usually at a point where wind, 
ice, snow and other strains are to be 
encountered, the frame should be 

well-balanced and mechanically sound. 
There are as many manufacturers of 

antennas as there are TV-receiver 
makers, and perhaps more types of an¬ 
tennas than there are models of receiv¬ 
ers. It is impossible to describe or pic¬ 
ture them all. Illustrations in this 
chapter show antennas and accessories 
made by the Technical Appliance 
Corp, of Sherburne, N. Y. This equip¬ 
ment, sold under the trade name, 
“Taco,” is excellent, and it is repre¬ 
sentative of the many quality antennas 
available from other makers. 
As in selecting a set, a visit to the 

neighbors is in order when selecting 
the antenna. Find out which sets get 
the clearest, most ghost-free pictures. 
In many cases there will be no appar¬ 
ent difference. In other areas, how¬ 
ever, there will be marked differences, 
and if good receivers are at work, the 
inference to be made where the pic¬ 
ture is poor is that the antenna is at 
fault. This can be either because of the 
antenna itself or some faults that have 
been allowed to creep in during its in¬ 
stallation. 
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Decibels and Gain 
Let us take time here to consider 

the gain of an antenna, which is meas¬ 
ured in decibels, called “DB” for 
short. This gain is measured against 
the gain of a standard dipole, or half¬ 
wave antenna, which was described 
previously. A decibel is an expression 
of power ratio. Without going into too 
much detail, it should be sufficient to 
say that an arbitrary standard is set up 
and actual ratings are determined on 
a plus or minus basis. For example, if 
1 volt were applied to an amplifier and 
the amplification increased so that the 
circuit put out 10 volts, the result 
would be expressed in plus decibels. 
If the output were reduced to half a 
volt, the resultant gain would be in 
negative, or minus, decibels. Decibels 
are logarithmic expressions, and are 
determined by specific formulas. 
When voltages are known, the formula 
is: 

20 x log voltage output 

voltage input 

Where power (in terms of watts, 
milliwatts, etc.) is known: 

DB 10 X log power output 

power input 
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Thus, in the chart on page 52, the 
decibel gain of a reference dipole an¬ 
tenna is plotted along the zero line. 
The gain of the antenna is measured 
in terms of the difference between the 
DB of the reference dipole and the 
930-type antenna used as an example. 
Suppose that the gain of the reference 
dipole at 50 megacycles was 8 DB and 
that the 930 antenna at 50 megacycles 
was 10. The net gain is 2 DB and is so 
plotted. This procedure is carried 
throughout the frequency range be¬ 
ing used. The results are plotted and 
a line is drawn through the points ob¬ 
tained. According to the reference 
given, the 930 antenna is better than 
a reference dipole at all the frequen¬ 
cies measured. 
Knowing the decibel and gain-meas¬ 

urement procedure is especially val¬ 
uable to the fringe-area resident. Ob¬ 
viously he wants the antenna which 
registers the highest gain. Gains of 10 
to 12 DB are possible with properly 
engineered antennas. 

Also, as the gain increases, the di¬ 
rectivity pattern usually sharpens. Di¬ 
rectivity, of course, is always desirable 
wherever there is a bad ghost problem. 

Which Antenna —and Where 
The following antennas are typical 

of standard types whose use has been 
found effective in the areas and under 
the conditions listed: 
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Folded dipole used with reflector 

Folded-dipole antenna with reflec¬ 
tor. This is manufactured to cover one 
of the television bands—either the 
high-frequency or low-frequency 
band. It is effective in its impedance 
match to the standard 300-ohm flat¬ 
tape transmission line. Gain and di¬ 
rectivity are good. Useful in areas 
where the television stations are all on 
one band and where the signal 

only where signal strength is fairly 
high. An advantage is that the two 
bays, or sets of elements, can be orient¬ 
ed separately. This makes it a good an¬ 
tenna for areas where ghosting is a 
problem. Only one transmission line 
is needed to bring the signal down 
from the two antennas to the receiver. 
This is often called the “piggy-back” 
antenna. 

In-line antenna (two folded dipoles 
and reflector all in the same plane). 
This is a variation of the Hi-Lo. The 
small folded dipole covers the high-
frequency band and the low-frequency 
band is covered by the larger element. 
This antenna has good gain, good di¬ 
rectivity and is very sound mechani¬ 
cally. It is to be used in areas where 
the television stations lie in one direc¬ 
tion from the receiver. This makes it 
ideal for suburban installations. The 
same antenna can be used “stacked,” 
or with an extra antenna mounted on 
the same mast. The signal received by 
one is added to that of the other to 
give additional strength in the receiv¬ 
er. Gain and directivity can be in¬ 
creased by the addition of a “director” 
element at the front of the antenna. 

Technical Appliance Corp. 

Hi-Lo is two folded-dipole antennas 
with reflector to cover second band 

Hi-Lo (two folded-dipole antennas 
with reflectors). The same as the above 
with the addition of another folded 
dipole and reflector to cover the other 
band of frequencies. Gain and direc¬ 
tivity are good, but it should be used 

Technical Appliance Corp. 

Lazy X can be stacked for high gain 
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Lazy X. Another good all-purpose 
antenna. It has good gain through all 
channels. It also can be used stacked 
to provide greater gain in areas where 
signals are weak. Although it is not 
recommended for fringe areas where 
signals are exceptionally weak, four-
bay stacks of Lazy-X antennas are 
often seen in such localities. This is 
recommended as one of the best sub-

installation of an antenna-changeover 
switch for each channel. 

In addition to fringe-area reception, 
Yagis are also used in localities where 
some stations are interfered with by 
signals from other stations at the rear 
of the antenna. In cities where recep¬ 
tion is very noisy, Yagi antennas are 
recommended because their high gain 
and directivity will tend to minimize 
noise from unwanted signals. Yagis 
also are used for multiple-receiver an¬ 
tenna installations operated from a 
master system, as is done in many large 
apartments. 

Technical Appliance Corp. 

Stacked Yagi is for fringe areas 
Technical Appliance Corp. 

Unusually well-stacked Yagi array 

Yagi. Ideal for use in extremely 
weak signal areas, Yagis give the ut¬ 
most increase in gain and directivity. 
The one great disadvantage stems, 
oddly enough, from these advantages. 
As additional elements are added to 
the antenna to increase gain and di¬ 
rectivity, it becomes more and more 
effective at the frequency for which it 
is cut and less effective at other fre¬ 
quencies. Yagis, therefore, are gener¬ 
ally used only for reception on a single 
channel. Complete additional anten¬ 
nas must be erected for receiving each 
channel on which signals are weak. As 
a rule this means a separate transmis¬ 
sion line for each antenna, and the 

We believe the principles involved 
have been outlined sufficiently to per¬ 
mit anyone to make an intelligent se¬ 
lection of an antenna. The man in the 
city, who must pick up his stations 
from different directions, will obvious¬ 
ly need an antenna with bays which 
can be oriented separately. The man 
who lives in a fringe, or weak signal, 
area, will select an antenna which has 
high gain and directivity. The man 
who lives in a strong signal area, in 
one direction from all the desired sta¬ 
tions, will choose the simplest and 
most inexpensive dipole. He may get 
along fairly well with a built-in or an 
attic antenna. 
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Boosters 
Television boosters are nothing 

more than an additional stage or stages 
of radio-frequency amplification. It 
will be remembered that one of the 
functions of the tuner in a TV receiv¬ 
er is to amplify the signal received 
from the antenna. In areas where the 
signal is very weak, the signal can 
stand a little extra amplification. This 
is provided by a booster. 

Boosters are of two main types—the 
most common, which is mounted at 
the receiver end of the transmission, 
and another which is mounted at the 
antenna itself. The first is a self-con¬ 
tained unit. Some models can be tuned 
to any of the standard TV channels, 
while others have only one switch 
which is turned to the low band or 
the high band. The best results are ob-
tained from those which tune to each 
channel separately. 

The type of booster that is erected 

Technical Appliance Corp. 

A Yagi antenna using folded dipoles 

340'’ 270“ 300“ 330" 
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at the antenna is to be recommended 
over those installed at the receiver. 
This is because the signal that is fed 
from the antenna to the transmission 
line is “purer” than the signal fed 
from the transmission line to the re¬ 
ceiver. The transmission line picks up 
noises of various sorts—ignition, mo¬ 
tors, radio signals, diathermy appara¬ 
tus, etc. A booster located at the re¬ 
ceiver will amplify these noises as 
much as it amplifies the desired sig¬ 
nal. The antenna booster, on the other 
hand, amplifies the signal before it en-

120" 90° ÓO" 

measured voltage gain in db 
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Signal booster mounted at receiver Technical Appliance Corp. 
Signal booster mounted on antenna 

tcrs the transmission line. Extraneous 
noise is picked up by the transmission 
line in no greater volume than nor¬ 
mally, and the result is a clearer and 
better picture. 
There are two disadvantages to the 

antenna-type booster—it is tuned to 
one particular channel at which it is 
most effective, and it contains vacuum¬ 
tube circuits which sometimes require 
repairs at a very unhandy place, the 
top of the antenna mast. However, the 
advantages are so great as to make this 
type deserving of the highest recom¬ 
mendation. These are especially rec¬ 
ommended for areas where signals are 
so weak as to require separate anten¬ 
nas for each channel received. 
Don’t be too quick to install a boost¬ 

er. Wherever possible, the use of a 
booster is to be avoided by bringing in 
a satisfactory signal by means of the 
antenna itself. Use them only when 
you are satisfied that the best possible 
antenna installation is in use and still 
more amplification is needed. 

Antenna Rotors 
In some locations it would be neces¬ 

sary to erect a number of antennas, 
all pointed in a different direction, to 
get good reception on all desired chan¬ 
nels. This problem is solved by an an¬ 

tenna rotor, which turns the antenna 
toward any desired signal. All of those 
currently on the market are quite 
good, and full directions for mounting 
them come with the rotor kit. They 
can be used with equal effectiveness 
by city dwellers or those who live in 
fringe areas. 

Care must be taken that the rotor 
chosen is strong enough to handle the 
antenna involved and that the installa¬ 
tion is properly waterproofed. Strong 
winds can bend shafts to such a degree 
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Antenna with rotor. Insets show 
rotor mechanism and control box 

that rotor shafts will not operate. And 
rain, sleet and snow have an insidious 
habit of penetrating supposedly wa¬ 
terproof housings. 

Up on the Roof 
With the right antenna chosen, 

proper installation now becomes im¬ 
portant. The chimney mount is the 
easiest type of erection, and is very 
satisfactory when the chimney is in 
good condition. A chimney-mount kit 
with full directions can be obtained 
for a few dollars, and the job will be 
considerably simplified. 
Chimneys with mortar falling from 

the bricks or which show other signs 
of age should be avoided. In such in¬ 
stances, obtain special brackets and 
mount the antenna mast to the side of 
the house. Brackets of various lengths 
are obtainable to clear overhanging 
eaves and other obstructions. 

If brackets are used, they must be 
mounted firmly so they can take quite 
a bit of strain. It is not enough to nail 
them on. They must be firmly an¬ 
chored. If the walls of the house are 
of brick or building block, holes must 
be drilled for masonry expansion an¬ 
chors. If the brick or stone is only a 
veneer, it may be necessary to drill 
through the veneering to the inside of 

the house and secure the antenna 
brackets with bolts. If the veneer is 
solid and it is impractical to fasten 
bolts from the inside, toggle bolts can 
be used in the holes drilled. Wooden 
walls are the simplest. Here lag screws 
turned into the studding can be used, 
or toggle bolts after drilling complete¬ 
ly through the wall. 
The average antenna will operate 

satisfactorily when mounted on a 
standard 5-foot mast. If this does not 
give enough height, other mast sec¬ 
tions, which usually come in 5-foot 
lengths, can be added. In such cases it 
may be necessary to add guy wires to 
support the mast and antenna. Mast 
guy anchors should be used rather 
than to drill holes in the mast itself. 
The guy wires should be strong and 
not brittle. Stranded steel wire of 14 
or 16 gauge is recommended. 
A group of three guy wires is 

enough for most antennas, although, if 
the height is increased, several more 
may be necessary to obtain the desired 
rigidity. The guy wires should be 
placed at an angle of 45 degrees to the 
mast and tied down 120 degrees apart. 
The anchor points to which the guy 
wires are fastened should be secured 
in the same manner as the mast brack¬ 
ets. It is not enough to fasten the guy¬ 
wire anchor to a simple eye screwed 
into a roof shingle. It simply will not 
hold against strong or gusty winds. 
The anchor must be fixed firmly to 
the studding below or to a bolt run 
through the roof and fastened from 
the attic. 

If the guy wires are longer than 5 
feet, they should be broken for the in¬ 
sertion of strain insulators. This is to 
prevent the absorption of the TV sig¬ 
nal by the guy wires. Turnbuckles can 
be used to tighten the wires and to 
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make it easier to take up the slack that 
will develop as time passes. 

Often it is necessary to mount the 
antenna on the roof without using the 
chimney or side walls. This is done by 
mounting the antenna base on a 4 x 
18-inch block of wood which is an¬ 
chored firmly to the roof studs. The 
mast is then further supported by guy 
wires. Spread waterproofing com¬ 
pound on the bottom of the wooden 
base, and then paint it to match the 
roof color and to give it protection 
from the weather. 

Locating the antenna in the best 
spot possible is more often a problem 
in close-to-the-transmitter areas than 
in those localities farther away. More 
structures are present to create ghosts 
and dead spots. This makes location 
of the antenna a job for more than one 
person, unless he wants repeatedly to 
set up the antenna temporarily, climb 
down from the roof and inspect the 
picture to see if he has chosen proper¬ 
ly, and then climb back up again to 
make adjustments. For those installing 
their own antenna, therefore, some 
helpful hints are in order. 

First, assemble the antenna with the 
mast on the ground. Connect one end 

of the transmission line to the proper 
terminals at the receiver and the other 
to the antenna posts. Inspect the gen¬ 
eral layout and determine the approxi¬ 
mate roof location which would give 
(1) the shortest run of transmission 
line and (2) keep the transmission line 
as far as possible from neon signs, elec¬ 
tric motors, elevator-shaft housings, 
highways, etc. By watching these fac¬ 
tors, unwanted noise will be held to a 
minimum. 
Now take the antenna assembly to 

the roof and hold it at the selected 
point while another person views the 
picture on the receiver. The antenna 
should be aimed, of course, in the gen¬ 
eral direction of the transmitting sta¬ 
tions. If the picture is good on all 
channels and can be made excellent 
by rotating slightly to get the proper 
orientation, the antenna can be 
mounted at that spot on the roof. If 
not, it will be necessary to repeat these 
steps until the spot is found that gives 
the best picture on all stations—clear, 
steady, strong and ghost-free. 

Professional servicemen use tele¬ 
phone sets which enable a man on the 
roof to talk to the man watching re¬ 
sults at the television receiver. For the 
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average householder, this equipment 
will have to be replaced by shouted 
commands. More than one amateur 
has used his entire family in the proc¬ 
ess-mother at the receiver, father on 
the roof and the children passing 
along the word in between. 
When the best roof location is es¬ 

tablished, the antenna can be mount¬ 
ed as previously described. When it is 
fixed firmly in place, final orientation 
is made by turning the mast slowly 
from point to point until the best pic¬ 
ture is available on all channels. 

This is quite difficult in places 
where the transmitting stations are not 
in line, and it is for those spots that 
the “piggy back" antenna was devel¬ 
oped. In that case, the individual sec¬ 
tions are oriented for best results. As 
there is some interaction between the 
bays, any adjustment of one section 
will necessitate an adjustment on the 
other. Again, the family or some other 

Photos on these pages show wrong 
ways to mount antennas. In A, the 
chimney is not in good repair. In 
B, a public utility had to relocate 
its high-tension wires to extend 
beyond the arc of the TV antenna 
should it fall. C shows how a loose 
antenna can fall across power lines. 
D, F and G show insufficient clear¬ 
ance of power lines. The installer in 
photo E apparently intends to stand 

on a stool to finish the job 
Popular Mechanics 
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means of communication must be 
used. 
One point to remember. In aiming 

the antenna first at one point and then 
at another, it is necessary for the man 
on the roof to release his hold on the 
mast and step back, since his touch 
will affect picture results. Once the 
antenna is oriented, all holding screws, 
guy wires, etc., should be fastened— 
and firmly. 
As a general rule, orientation and 

location of the antenna become less 
and less of a problem as the distance 
from the transmitters increases. This 
results in a narrowing of divergent an¬ 
gles as well as a reduction in the num¬ 
ber of high structures which cause 
ghost and decreased signal trouble. 
Many an installer has decided offhand 
to locate his antenna on the chimney; 
has done so and pointed it in the same 
general direction as his neighbor’s, 
and found the results excellent. 

The Lead-In 
Running in the transmission line, 

or lead-in wire, is next. This should 
be supported all the way by standoff 
insulators manufactured for the pur¬ 
pose. Several of these will be found in 
the antenna kit, but you may need 
more. If a gutter is to be crossed with 
the line, it is best to drill a hole 
through the gutter and bolt a long 
standoff insulator through the hole. 
This will support the line and keep it 
away from metallic substances which 
could affect the picture. As the line is 
carried down from the antenna and 
run through the insulators, it should 
be twisted every foot or so. This is an 
aid in electrically cancelling out un¬ 
wanted signals. 
The lead-in can be brought into the 

house in several ways. A hole can be 
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drilled through the wall and the line 
passed directly through it, or a stand¬ 
ard feed-through insulator may be 
used. Where holes are drilled, do not 
forget to calk the hole to prevent the 
entrance of moisture or air. Also, be 
sure to drill at the bottom of a win¬ 
dow frame or some similar spot so that 
the result is not unsightly. 
The transmission line may be run 

through channels cut in a window 

Two practical methods of mounting 
antennas without using the chimney 
are illustrated on these pages. In 
photos A to F the mast is supported 
by brackets at the roof ridge and 
at an attic window In photos G to 
K, a double-stacked Yagi with two 
twin lead-ins is supported by four 
10-foot lengths of 2-inch tubing 
joined flush by inserting short 
lengths of pipe. Photos E and F show 
methods of mounting the masts 
which may be used in either system 

Popular Mechanics 
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frame so that the wire is not damaged 
when the window is closed. This meth¬ 
od is not recommended on windows 
with metal frames or storm sash. 
The lead-in may be run into the 

basement, along the basement ceiling 
and up through the baseboard into the 
desired room. Care should be exer¬ 
cised to avoid contact with, running 
parallel with or crossing house wiring, 
lest it affect the picture results. 

If you want the lead-in extra long 
in order to allow moving the TV re¬ 
ceiver about, DO NOT coil the excess 
neatly. To do so will seriously affect 
the picture. Better just tuck it around 
in the back of the set. 

T owers 
In fringe areas, it is desirable to 

have the antenna as high as possible 
in order to overcome the curvature of 
the earth. Few people have either the 
equipment necessary or the know-how 
to manufacture a tower on which the 
antenna can be mounted. They are ad¬ 
vised instead to purchase one of the 
many types of towers available for just 
such use. In some sections of the coun-
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try, public utilities offer their services 
to the television user and will erect a 
standard pole for a fixed fee. Ofttimes 
this is the cheapest and best method. 
The antenna mast can then be fixed 
to the pole with special mountings 
similar to the standard chimney or 
wall-bracket mountings. 

It is wise to be foresighted and make 
some provision either for lowering the 
antenna or gaining access to it by steps 
or rungs. It will be necessary from 
time to time to repair broken leads or 
connections, boosters, etc. A pulley 
and pivot point such as used by bird 
lovers who erect a bird house on a 
high pole will do the trick. 

A lightning arrester is advisable and 
simple to install. First, the mast should 
be grounded. This effectively grounds 
all parts of the antenna except the 
“driven elements,” or those to which 
the lead-in is connected. 
To ground the mast, drive a pipe or 

grounding rod into the ground and 
connect it to the mast with 12 or 14-
gauge wire. This does not ground the 
receiver. To do this, a lightning ar¬ 
rester must be purchased to fit the par¬ 
ticular lead-in and mounted at the 
point where the line enters the house. 
Another rod is driven into the ground 
and the arrester is connected to that 
with the same kind of wire used to 
ground the mast. The transmission 
line is run through the arrester and 
the contact screws turned down. 
Some installers connect the antenna 

mast directly to vent pipes on the roof 
in the belief that this is a good ground. 

Approved antenna-lead ¡unction box 
Taco 

Lightning Protection 
Be careful at all times to (1) erect 

the antenna so that if it falls, power 
lines will not be crossed or touched 
by any part of the assembly and (2), 
be sure the transmission line is held 
firmly by insulators so that it does not 
touch the power lines to the house. 
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Often it is, but equally often it is not. 
The pipe used in the vent system may 
not be metal throughout, so that the 
ground connection is not made. For 
that reason, it is best to run the 
ground wire directly to earth-imbed¬ 
ded pipe or rod. This should be at 
least 4 feet long and should be driven 
almost all the way in. Be careful not 
to drive it through some underground 
installation such as a sewer pipe, drain 
pipe or underground power inlet. Re¬ 
member that both the mast and the 
transmission line should be given 
lightning protection. This is necessary 
because the elements connected to the 
lead-in are electrically insulated from 
the mast. 

Safely Factors 
Be careful in working on the roof 

that damage is not done to the roofing 
material which would void any guar¬ 
antee it may carry from a roofing com¬ 
pany. If there is a guarantee, and the 
antenna installation requires cutting 
into the roof, it is wise to obtain per¬ 
mission from the roofing company (in 
writing) before proceeding. 
Working on ladders and roofs can 

be very dangerous. Wear rubber-soled 
shoes for traction. Use ropes anchored 
to some firm point such as the chim¬ 
ney. Or, if the roof is sloping, throw a 
rope all the way over the house and 
anchor it on the opposite side of the 
slope to be climbed. Regular roofing 
ladders which hook over the peak of 
the roof are ideal but not always 
available. 

Attic Antennas 
Any antenna can be mounted in an 

attic if there is not too much interfer¬ 
ence from gutters, flashing and elec¬ 
trical conduit. The only way to find 
out is by trying, and it will be worth¬ 
while to assemble your antenna in the 

Attractively styled indoor antennas 

attic and see if picture results are sat¬ 
isfactory. If so, the antenna can be 
mounted by suspending it from the 
studding or braces or by bracing it to 
the rafters with guy wires. The trans¬ 
mission line can be run outside and 
down or through the walls. 

Indoor and Built-In Antennas 
Many TV set owners find it nec¬ 

essary to use an indoor antenna. Sel¬ 
dom, if ever, is picture reception as 
good as it would be with an outdoor 
installation. If one must be used, the 
owner must grin and bear it. The 
same applies to the antennas built into 
TV sets. It is entirely possible, how¬ 
ever, that future advances will allow 
TV receivers to operate satisfactorily 
with such antennas, just as radios no 
longer require an outdoor antenna. 

Master-Antenna Systems 
For apartment dwellers, master an¬ 

tennas have been developed which 
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serve a large number of receivers very 
well. A block diagram of such a system 
is shown above. 
They are of two types. The first dis¬ 

tributes the television signal to receiv¬ 
ers along the line without any further 
amplification. The second type ampli¬ 
fies the signal. 
The nonamplifying system is satis¬ 

factory only for a limited number of 
receivers, the number depending on 
the strength of the signal input. 
Where signals are strong—in other 
words where the sets are close to the 
transmitting station—as many as 12 
receivers can be operated from a non¬ 
amplifying system. 

It is possible for the owner of a 
small apartment unit to construct his 
own nonamplifying master system. He 
should first erect an antenna which 
brings in a strong signal—possibly 
stacking the antenna to increase the 
strength—then distribute the result 
through a special transformer which 
can be purchased from any supply 
house. 

It is possible to build such trans¬ 
formers, but it takes a lot of know-how 
and tinkering. 

Amplifying-system master antennas 
build up the signal before distributing 
it, and can serve an almost unlimited 
number of receivers. 
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Chapter Five 

INSIDE YOUR TV SET 

__ ELEVISION installation and 
service were for a long time considered 
as things to be attempted only by the 
skilled technician. And, for a shorter 
period of time, many dealers regarded 
the installation of a television receiver 
they sold as a prerogative they should 
insist upon in order to make sure that 
the set operated satisfactorily and the 
customer was pleased by the service 
rendered. 
Now, however, the picture has al¬ 

tered considerably. More and more 
television sets are sold at low cost, 
which leaves the dealer with no mar¬ 
gin to use for such services as free in¬ 
stallation and checkups. 

After a few hardy sotds showed the 
way, the erection of television anten¬ 
nas by rank amateurs became com¬ 
mon. More recently, many set owners 
have undertaken to save themselves 
the relatively high costs of servicing. 
Some are successful, and some are not. 
There is no reason why any televi¬ 

sion owner cannot perform many, if 
not most, service and replacement 
needs on his set. However, in order to 
do anything successfully, it is very 
desirable to know just a little bit 
about what you are doing. In this 
chapter the television receiver in gen¬ 
eral—and no one make or model in 
particular—is described by sections so 
that you can perform various opera¬ 
tions on your receiver and know to 
some extent what you are doing and 
why. 

There are a number of reasons why 
home television service is quite prac¬ 
tical. Most important is the fact that 
the greatest majority of difficulties 
arise from the simple failure of one or 
more of the small vacuum tubes. Cer¬ 
tain of these tubes cause definite ef¬ 
fects on the face of the tube when they 
fail. Thus, by noting what the picture 
is—or is not—doing, the owner can de¬ 
termine the part of the circuit in 
which the trouble lies. Once this is 
determined, the simplest way to cor¬ 
rect the trouble is to replace the defec¬ 
tive part. 

Know Your Circuit Layout 
A block diagram of a typical tele¬ 

vision receiver is shown. This diagram 
is not of any one set, but a composite 
which shows the basic circuits, their 
functions and their relationship to 
other circuits and parts of the set. 

Most television manufacturers have 
laid out diagrams for their particular 
sets for the convenience of servicemen. 
It may be possible for you to obtain 
one of these from the manufacturer of 
your set or from a dealer. 
On the back of your receiver you 

will find a perforated cover. This cov¬ 
er is there to seal in the extremely 
high voltages present inside, and is 
perforated to provide ventilation for 
the heat generated in the set. A plug 
on the cover in turn plugs into a two-
prong socket in the set. When the cov¬ 
er is removed, the circuit is broken 

64 
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BLOCK DIAGRAM OF TYPICAL TV RECEIVER 

TO FOCUS CO*. 

and the receiver cannot be turned on. 
This device is called a “safety inter¬ 
lock.” 
Never take this cover off until you 

have learned where the high-voltage 
danger points are located and how to 
avoid them. This is most important, 
and will be discussed in detail later. 
The high voltage in even a small 7-
inch receiver is as great as 4500 volts, 
while the projection -type receiver 
found in most homes will go as high— 
and sometimes higher — than 27,000 
volts! Voltages of these strengths 
should be treated with respect. 
The parts that make up a television 

receiver — tubes, resistors, condensers, 
coils, wiring and sockets—are mounted 
on a metal base called the chassis. In 
some receivers all the parts, including 
the picture tube and the speaker, are 
mounted on one chassis. In others, the 
speaker has its own chassis; still others 
have the picture tube mounted sepa¬ 
rately, and some have different circuits 

mounted on individual chassis. It is 
quite common to find the power trans¬ 
former, rectifier tube, high-voltage 
tubes and transformer and damper 
tube mounted on one chassis—some¬ 
times called the “power deck” — and 
the rest of the receiver mounted on an¬ 
other. In such cases the chassis are con¬ 
nected by cables which either join 
each other or plug into sockets mount¬ 
ed on the chassis themselves. In order 
to remove the receiver from .the cab-

This is the safety interlock that 
cuts off the power when the back of 
the TV-receiver cabinet is removed 
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Housed in clear plastic, this set shows mounting of tubes and parts 

inet, it is often necessary to disconnect 
these cables. Before doing so, it is wise 
to mark each one and the socket into 
which it plugs so that the parts can be 
reassembled correctly. 

It is not always necessary to remove 
the television receiver from the cab¬ 
inet in order to replace tubes, and it 
should not be done if it can be helped. 
However, many receivers are mounted 
in such a way that it is impossible to 
replace certain tubes without at least 
removing the particular chassis to 
which that tube is connected. The 
high-voltage tubes, for example, are 

usually enclosed by a metal shield 
which must be uncovered or removed 
before the tube can be replaced. Also, 
some of the miniature tubes used are 
located in such a position that more 
time is wasted trying to fit the tube 
prongs blindly than would be spent in 
removing and replacing the chassis. 

Removing the Chassis 
Certain definite steps should be fol¬ 

lowed when the television receiver is 
removed from the cabinet. These steps 
are enumerated here; if carefully fol¬ 
lowed there will be no shock hazard: 
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1. Turn off the set and pull the pow¬ 
er cord out of the wall receptacle. 

2. Remove the knobs from the front 
controls. These knobs generally 
are of the push-on type and can 
be removed quite easily. This must 
be done so that the shafts of the 
controls can be drawn through the 
holes in the front panel. Any spe¬ 
cial tools required to loosen set 
screws can be obtained cheaply at 
any radio-supply house. 

3. Remove the back shield, which 
usually has the safety interlock riv¬ 
eted to it. This exposes the receiv¬ 
er and also completely disconnects 
the source of power. In some cases 
it will be necessary to disconnect 
the antenna before removing the 
back cover. Inasmuch as some re¬ 
ceivers have antenna connections 
for either 300-ohm or 72-ohm lead-
ins, it is wise to make sure which 
one is being used before discon¬ 
necting any antenna lead. 

4. Carefully inspect the chassis and 
determine how it is mounted. Usu¬ 
ally they are held by bolts, fed 
through a wooden base or mount¬ 
ing, which screw into the corners 
of the metal chassis. In some re¬ 
ceivers, ordinary wood screws are 
used. These bolts or screws should 
now be removed. 

5. Check the speaker mounting and 
connection. Unless the speaker is 
mounted directly on the speaker 
chassis, it must be disconnected. 
Various forms of connections are 
used: Some speaker leads plug into 
a socket on the chassis, others plug 
into one end of a cable leading 
from a chassis. 

6. Inspect the picture tube to see if 
it is mounted independently of 
any chassis or if it is mounted on 
the same chassis that holds the oth¬ 
er parts of the receiver. If mounted 
independently, it must be discon¬ 
nected in the same manner as the 
speaker. If this is necessary, more 
steps must be taken at this point. 
The high-voltage lead which plugs 
into the side of the tube should 

first be disconnected and ground¬ 
ed to one of the chassis. An illus¬ 
tration on page 83 shows how 
this is done, lie very careful not to 
touch the metal tip of the lead, as 
there is enough charge in the high-
voltage condensers to give you 
quite a “nip.” Grasp the lead firm¬ 
ly at the base of the rubber suction 
cup when handling the lead and 
disconnecting it. Next, disconnect 
any other cables which connect 
the picture-tube unit to the other 
chassis. The parts around the neck 
of the picture tube, with the ex¬ 
ception of the ion trap, are fixed 
firmly and should not be removed 
when taking out the receiver. The 
tube socket is taken off. This sock¬ 
et is “keyed” to fit on the tube base 
only one way, so you need not wor¬ 
ry about getting it back incorrect¬ 
ly. As a further precaution against 
shock, it would be wise at this time 
to short-circuit the high-voltage 
coating on the picture tube by 
placing a length of insulated wire 
between coating and chassis. 

7. If the chassis in the receiver are all 
separately mounted, they should 
be disconnected at this time. 

8. The receiver is now ready for re¬ 
moval. This should be done care¬ 
fully and gently—first to make sure 
it has been disconnected properly, 
and secondly because the receiver 
is a fairly delicate instrument that 
cannot take too much bouncing 
and bumping. 

9. Carefully reassemble the receiver. 
Be sure that all connections are to¬ 
gether firmly and that a good con¬ 
tact is made. This applies especial¬ 
ly to the high-voltage lead attached 
to the second anode on the side of 
the tube. 

10. Inasmuch as the power cord and 
its safety plug are riveted to the 
perforated back cover of the set, it 
will be necessary to buy an extra 
one to operate the receiver while 
it is out of the cabinet. These can 
be obtained at any radio-supply 
house for less than a dollar. 



11. Review all safety precautions. If 
properly observed, there need be 
no hazard attached to any follow¬ 
ing operations. 

Despite many differences, all tele¬ 
vision receivers have essentially the 
same parts which perform the same 
functions. The major differences lie in 
the number of tubes, particularly 
those in the amplifier circuits; wheth¬ 
er or not a dual i.f. system is used in¬ 
stead of the intercarrier i.f. system, 
and the individual refinements which 
various manufacturers have intro¬ 
duced in their quest for steadier and 
clearer pictures. 
Many television receivers have a 

tube-layout diagram pasted on the in¬ 
side of the cabinet. These diagrams 
show the position of the various tubes 
on the chassis. They do not, unfortu¬ 
nately, all show the purpose of the 
particular tubes so that the uninitiated 
can tell from such a diagram which 
tube is which. 

It is recommended, therefore, that 
you write the manufacturer of your re¬ 
ceiver, giving the model and serial 
numbers of your set, and ask him for 
a service bulletin or booklet. This 
should give you much information 
necessary, including very probably a 
schematic diagram of the set circuit 
showing all components, their values 
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and their parts numbers. If it is in¬ 
convenient to write to the manufac¬ 
turer, or if for some reason the request 
is not granted, such bulletins can be 
bought at most radio-parts houses. 

Unless you are accustomed to read¬ 
ing circuit diagrams, much of the in¬ 
formation in service booklets will be 
confusing gibberish. Don’t let this 
bother you—use the information you 
need and ignore the rest. 

Following the Signal 
Let us refer to the block diagram of 

the typical television receiver on page 
65 and trace the progress of the 
electrical energy emitted by the trans¬ 
mitter as it travels through the set to 
the picture tube and the speaker. The 
signal, as it is called, is made up of 
three types of intelligence: the sound, 
the picture and the synchronizing im¬ 
pulses. 
The sound signal sent out by the 

transmitter is FM, or frequency modu¬ 
lated. This means that when sound en¬ 
ters the microphone and is sent 
through the amplifying circuits to the 
transmitter it affects the frequency of 
the radio wave. The simple sketch— 
without intervening circuits—shows a 
frequency-modulated wave. The ad¬ 
vantages of this method have been 
made clear during recent years. High¬ 
er fidelity of sound is possible because 
the portion of the frequency spectrum 
allowed for FM signals is usually large 
enough to accommodate all the tones 
and harmonics desirable for quality. 

Secondly, and of greater importance, 
is the fact that interference caused by 
static disturbances, ignition noises, 
etc., does not affect the frequency of a 
radio wave but does affect its ampli¬ 
tude. In the drawing, note that the am¬ 
plitude, or strength of the sine waves 
which make up the signal, is not con-

TYPES OF WAVES 

A FREQUENCY-MODULATED WAVE 

iD) FREQUENCY-MODULATED WAVE WITH 
INTERFERENCE CUT OFF BY LIMITED STAGES 

stant. Because we do not depend on a 
changing amplitude to give us the pic¬ 
ture intelligence, this erratic portion 
can be cut off by a special circuit in the 
receiver and the resulting sound is 
clear and “smooth.” Thus, when 1 iaht-, . o 
ning or other disturbances change the 
amplitude of a frequency-modulated 
radio wave, the undesirable result is 
easily removed and a clear sound is 
reproduced. 

It has been pointed out before that 
the various shades of light and dark 
in a television picture require a rel¬ 
atively wide band in order that a max¬ 
imum of intelligence can be conveyed. 
Because of this, it is impractical to use 
frequency modulation for the picture, 
or video, signal. Instead, the conven¬ 
tional AM, or amplitude modulation, 
is used. The transmitter has a circuit 
which generates—at a set frequency— 
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radio waves of equal amplitude. On 
these is impressed the intelligence 
coming from the picture-amplifying 
circuits. This intelligence varies the 
strength of the sine waves which the 
transmitter is producing. An ampli¬ 
tude-modulated wave is the result. At 
the receiver, the circuits “inspect” this 
varying amplitude and carry the mes¬ 
sage to the picture tube. 
The synchronizing impulses make 

up the third type of intelligence car¬ 
ried by the signal. It will be remem¬ 
bered that the electron beam scans 
the picture in lines, moving from top 
to bottom, first taking the odd lines 
and then the even. It then returns to 
the top and repeats the picture. In or¬ 
der that the receiver may intelligently 
picture the story the camera is “tak¬ 
ing,” the electron beam in the picture 
tube must move at the same rate and 
“in step,” or synchronized, with the 
beam in the camera tube. The sweep 
circuits in the receiver perform this 
function and the synchronizing pulses 
carried by the signal tell them when 
to move the beam from right to left 
and when it is to be moved from top 
to bottom and back again. These syn¬ 
chronizing pulses are superimposed 
upon the picture signal. In the receiv¬ 
er, they are removed and carried to 
their proper spots. 

Thus far we have the television sig¬ 
nal at the antenna and no further. In 
accordance with the principles out¬ 
lined in the chapter on antennas, the 
signal is picked up and passed along 
the lead-in to the receiver. 
The first section of the receiver 

which the signal enters is the tuner. It 
must be remembered that although an 
antenna is made to be particularly re¬ 
ceptive to specific frequencies, it still 
is capable of picking up other signals 
in greater or lesser degree. Therefore, 
the first function of a tuner is to sep¬ 
arate the desired signal from the un¬ 
wanted ones. For this purpose, a vac¬ 
uum tube plus a “tuned circuit” is 
used. The tuned circuit is an arrange¬ 
ment of coils, condensers and resistors 
which makes the tuner receptive to 
one frequency, rejecting all others. 
The vacuum tube is called the radio¬ 
frequency amplifier, or r.f. amplifier. 
Working together, the vacuum tube 
and the tuned circuit receive all sig¬ 
nals, pick out the one for which the 
tuned circuit is designed, block all oth¬ 
ers and then amplify the weak radio¬ 
frequency energy to a usable strength 
before passing it on to the next stage. 
The oscillator and “mixer” stages 

come next. Theirs is a most important 
function. The job of the oscillator and 
the mixer is to take the signal received 
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from the r.f. amplifier, combine it 
with another signal and, regardless of 
the frequency of the r.f. signal, send it 
on to the next amplifier as a signal 
that never varies in frequency. 
The advantage of this superhetero¬ 

dyne system has been cited before. Be¬ 
cause the frequency produced at the 
oscillator and mixer stages never var¬ 
ies, the video and sound i.f. amplifiers 
can be pretuned at the factory and 
kept in tune by a serviceman with no 
need to retune every time a new sta¬ 
tion is selected. 

Let us see exactly how this is done. 
On every television channel, two fre¬ 
quencies are established. One is the 
“picture-carrier” frequency and the 
other the “sound-carrier” frequency. 
On Channel 2, for example, the pic¬ 
ture-carrier frequency is 55.25 mega¬ 
cycles and the sound-carrier frequency 
59.75 megacycles. The channel itself 
covers a range from 54 to 60 megacy¬ 
cles. Now suppose that the picture in¬ 
termediate frequency is set at 25.75 
megacycles, a fairly common standard 
in TV receivers. It is therefore nec¬ 
essary to change the carrier frequency 
of 55.25 megacycles to 25.75 without 
in any way altering the intelligence 
carried by the signal. 
To do this, use is made of the mix¬ 

ing characteristics of a vacuum-tube 
circuit. If two different signals are fed 
to such a circuit, four will be available 
at the output—the two original fre-
quencies, a frequency equal to their 
sum and a frequency equal to their 
difference. It is this last frequency that 
is desired. A small r.f. generator is 
therefore built into the receiver. This 
is called the oscillator, and is one of 
the most sensitive parts of the set. 
The photo above shows the sections 

removed from a tuner. The oscillator 

Standard coil tuner with oscillator 
(left) and r.f. sections removed 

section is shown on the left. It is made 
up of components so fixed in value 
that when they are coupled to the os¬ 
cillator tube a signal of fixed frequen¬ 
cy is generated. If the set is operating 
on Channel 2, the oscillator frequency 
necessary is 81, to produce a difference 
of 25.75 megacycles from the carrier’s 
55.25 megacycles. The incoming fre¬ 
quency of 55.25 and the oscillator fre-
quency of 81 are both fed to the mixer 
tube. The difference frequency result¬ 
ing is passed on to the next stages of 
tl’.e amplification process. 

In some receivers, one tube per¬ 
forms both the oscillator and mixer 
functions; in others, two tubes are 
used. That is why some tuners have 
two vacuum tubes and others have 
three. As far as the owner is concerned, 
the principal advantage of the two-
tube tuner is that there is one less tube 
to go bad. 
There is still another difference fre-

quency that is passed on by the mixer 
section. That is the difference between 
81 megacycles and the sound-carrier 
frequency of 59.75 megacycles for a 
result of 21.25. This is the interme¬ 
diate frequency of the sound signal. 
Notice that it is separated from the 
picture i.f. by 4.5 megacycles. This 
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Zenith 
Top view of television receiver, showing general layout of components 

prevents interference between the two. 
In the photo of a toner, it will be 

noticed that each channel has two 
sections. The one on the left has been 
pointed out as the oscillator section. 
That on the right is the r.f. section. In 
this turret-type tuner, each channel 
has two strips. The r.f. strip is tuned 
to the frequency of the channel for 
which it was constructed. The oscilla¬ 
tor strip is tuned to give a frequency 
which differs from the r.f. frequency 
by the frequency to which the inter¬ 
mediate amplifier stage following the 
tuner is adjusted. 
On Channel 7, the picture-carrier 

frequency is 175.25 and the sound¬ 
carrier frequency 179.75 megacycles. 
In receivers which use the 25.75-mega-

cycle intermediate frequency, the os¬ 
cillator is tuned to 201 megacycles. 
The difference frequencies in this case 
are 25.75 for the picture and 21.25 for 
the sound. 
No matter what the incoming fre-

quency, then, when the owner turns 
the channel-selector switch on his tele¬ 
vision receiver he throws into the cir¬ 
cuit a radio-frequency amplifier tuned 
to that frequency and an oscillator 
which manufactures a signal that 
mixes with the incoming signal to pro¬ 
duce one for which the next stage is 
tuned. 

Tuner Adjustment 
The tuners of television receivers 

are all carefully adjusted before the 
sets are shipped from the factory. The 
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tuning adjustments made on them are 
critical in the highest degree. Unless 
he is very well equipped with test in¬ 
struments, even an experienced service¬ 
man will make no attempt to adjust 
the tuning of this circuit because of 
its delicate balance. 
There are but two repairs the home 

owner should attempt on the tuner 
section of his receiver. One is the re¬ 
placement of defective tubes. The sec¬ 
ond is adjustment of the oscillator. 
The first is simply a matter of pulling 
out the defective tube and inserting a 
new one. Adjusting the oscillator re¬ 
quires a little more care and some 
explanation. 
With few exceptions — notably the 

continuous-type tuners — the tuners 
used in television receivers have fine-
tuning controls. These usually are 
found at the front end of the tuner¬ 
assembly shaft. The purpose is to en¬ 
able the owner to tune sharply the sta¬ 
tion he selects. In this way he can 
compensate for changes in the values 
of condensers and resistors because of 
age or other factors, all of which alter 
the tuning of the receiver. 
At times, however, no matter how 

the fine tuning is adjusted, the picture 
cannot be brought in clearly with good 
detail and contrast. Or, what is worse 
to some people, the sound and picture 
are not synchronized. Tuning in a 
good picture results in poor sound, 
and vice versa. Any of these can occur 
when the oscillator or mixer tubes are 
changed. The difficulty may show up 
gradually, indicating such wide 
changes in circuit component values 
that the fine-tuning control is no long¬ 
er able to compensate. Under these 
circumstances, it is possible that the 
oscillator can be adjusted to correct 
these troubles. 

Oscillator Correction 
Oscillators generally are tuned by 

varying the depth to which a brass or 
iron core is inserted in the hollow 
center of a coil. The coil in an oscilla¬ 
tor section is shown in the photo on 
page 71. Inserted in the coil is a 
threaded brass slug with a screwdriver 
slot at the outer end. When the chan¬ 
nel strip is inserted in the tuner, this 
slotted end can be seen through the 
hole in the tuner marked “H.” The 
oscillator is adjusted while the set is 
turned on and tuned to the defective 
channel. 

Because of the frequencies involved 
in radio and television, tuning any sec¬ 
tion which operates at radio frequency 
must be done with a nonconducting 
screwdriver. These can easily be pur¬ 
chased for a small sum, or it is quite 
easy to make one from a slender piece 
of wood. With such a tool, turn the 
slug in the oscillator coil slowly and 
carefully. Watch the picture and listen 
to the sound with equal attention. 
There will be a point at which both 
picture and sound are at their best. If 
this point gives satisfactory results, no 
further adjustment is necessary. 

If the results still are unsatisfactory, 
the oscillator tube should be changed 
and a new one tried. If the trouble lies 
in the oscillator section because of mis¬ 
tuning or a defective oscillator tube, 
this adjustment w ill clarify the picture 
and give good, synchronized sound. 

In the turret-type tuner there is a 
separate oscillator adjustment for each 
channel. The process outlined should 
be performed only for those which 
may be defective. The procedure, 
however, varies somewhat in tuners 
which do not have separate strips for 
each channel. 
As a general rule, the adjustment 
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for the oscillator is found on the front 
end of the tuner. One type of tuner 
has only two oscillator adjustments, 
one for Channels 2 through 6 and the 
other for Channels 7 through 13. 
These are referred to as the “low-fre¬ 
quency oscillator” and the “high-fre-
quency oscillator.” Because of the va¬ 
riety of tuners used, it is impractical 
to show details of every type. For the 
location of oscillator-tuning adjust¬ 
ments, it is necessary to refer to the 
service diagram of your particular set. 
An example of a switch-type tuner 

is shown. Notice the two screwdriver 
adjustments for oscillator tuning. In 
making adjustments for the low-fre¬ 
quency channels, any station in that 
band is selected and tuned in as best 
possible. The oscillator is then adjust¬ 
ed for picture and sound. The chan¬ 
nel selector is then turned to another 
station in the low-frequency band and 

the same procedure is followed, using 
the same oscillator-adjusting screw. 
I hen return to the first channel. If 
the fine-tuning control cannot be ad¬ 
justed to bring in the proper picture 
and sound, the oscillator slug should 
be retuned. Return to the second sta¬ 
tion and check. It may be necessary to 
repeat this procedure several times be¬ 
fore settling on one position that satis¬ 
fies the requirements of all the stations 
involved. 
The steps to be followed in adjust¬ 

ing the oscillator for the high-frequen¬ 
cy band are the same. Because of the 
higher frequencies, be more cautious 
in turning the slug. 

Certain types of receiver employ a 
type of tuner which has replaceable 
channel strips other than those men¬ 
tioned and illustrated. In these, it is 
frequently possible to purchase from 
the manufacturer a replacement part 
for an offending channel. This is nec¬ 
essary in those cases where there is no 
doubt that the strip itself is defective. 
Normally this is a task for a service¬ 
man, but in localities where none is 
available the job can be done by a 
handyman. 

Audio-Amplifier Stages 
The block diagram shows the signal 

leaving the tuner assembly along two 
separate paths. One path is traveled 
by the video or picture energy; the 
second is used by the sound energy. 
The sound energy in the television¬ 
receiver diagram follows the same 
course as that in a conventional radio 
receiver. The i.f. amplifiers receive the 
energy and increase its strength. 

In some receivers this audio i.f. am¬ 
plifier consists of only one tube, in 
others two tubes, and in some of the 
more elaborate receivers, three tubes 
—or stages—of i.f. amplification. 
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The strength of the radio-frequency 
energy carrying the sound intelligence 
has reached sizable proportions by 
now, and it is possible to separate the 
sound from the radio-frequency car¬ 
riage which has brought it thus far. 
This is done by a circuit made up of 
one vacuum tube and associated parts. 
The circuit is called the “ratio-detec¬ 
tor circuit,” or “discriminator cir¬ 
cuit.” The ratio-detector circuit is the 
most commonly used because it has 
good sensitivity and the ability to re¬ 
ject AM signals. The discriminator¬ 
type circuit must be preceded by a 
limiter circuit—one that “cuts off” the 
unwanted amplitude modulation that 
is often impressed on a frequency-
modulated signal. This involves the 
use of another vacuum tube and cir¬ 
cuit which, of course, increases the cost 
of the receiver and adds another section 
to increase the possibility of trouble. 
Because a comparatively weak signal 
will cause a ratio detector to work, 
fewer stages of i.f. sound amplification 
are necessary, which further reduces 
costs. 
At the audio detector, then, regard¬ 

less of which type it is, the sound in-
tellisence is removed from the radio-
frequency carriage. This electrical 
sound energy still is too weak for prac¬ 
tical use. To strengthen it, two or 
more vacuum tubes are used. These 
are the audio-amplifier tubes, which, 
with their associated circuits are called 
audio-amplifier stages. 

Suppose a loudspeaker needs 100 
units of energy to make it work. If the 
detector unit puts out only one unit, 
the signal must be increased. To do so 
in one step reduces the quality of the 
sound considerably. Therefore, it is 
done in stages. The one unit is deliv¬ 
ered to the first audio-amplifier stage, 

which increases it in strength to 10 
units. This signal is in turn delivered 
to the next, or final, stage, which in 
turn increases these units tenfold and 
delivers 100 units of electrical sound 
energy to the speaker. 
The number of units used here for 

illustration is purely arbitrary. Many 
audio-amplifier stages increase the sig¬ 
nal strength much more. The fidelity, 
or quality, of the sound which the 
television speaker delivers is largely 
dependent on the stages of amplifica¬ 
tion through which it passes—both the 
i.f. and the audio amplifications. 
Without special test equipment, it 

is impossible to tell exactly how good 
this audio signal is. The only guide 
for the owner is his ear. If the sound is 
pleasing, that should be sufficient. 

Video-Amplifier Stages 
That part of the electrical radio¬ 

frequency energy which is carrying the 
picture intelligence is, meanwhile, fol¬ 
lowing its own course. It, too, is am¬ 
plified by i.f. stages. And, like the 
sound energy, it must be separated 
from the intermediate frequency, am¬ 
plified to a usable degree and deliv¬ 
ered to its final destination—the pic¬ 
ture tube. 

Separation from the i.f. carriage is 
performed by the video detector just 
as the audio detector separates the 
sound energy from its i.f. carriage. 
This resulting intelligence is further 
amplified by the video amplifiers and 
then sent on to the picture tube where 
it controls the intelligence delivered 
to the fluorescent screen of the pic¬ 
ture tube by the electron scanning 
beam. 
One more step is performed in this 

process. It will be recalled that the syn¬ 
chronizing pulses are impressed on 
that part of the radio-frequency car-
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riage which carries the picture energy. 
These pulses must be separated from 
the picture intelligence and delivered 
to their proper circuits. This is done 
at either the video detector or at one 
of the video-amplifier stages. Which 
one is used can be determined by the 
service booklet for a particular model. 

The Sweep Circuits 
Once separated and ready for use, 

the pulses are amplified and sent to 
their respective circuits—the vertical 
pulse to the vertical-sweep circuit and 
the horizontal pulse to the horizontal¬ 
sweep circuit. T hese sweep circuits 
can be likened to columns of marching 
soldiers. Without some supervision 
they are apt to lose cadence and fail 
to keep in step. The pulse is the ser¬ 
geant which calls the beat. 

Because the beat comes from the 
same spot that controls the electron 
scanning beam in the camera at the 
television station, the sweep circuits in 
the receiver are thus kept in step with 
those which control the signal at the 
starting point. The controlling energy 
from the pulse circuits is then passed 
on to the deflection coil around the 
neck of the picture tube. 
The vertical-sweep circuit operates 

at a rate of 60 cycles per second. In 
other words, its voltage rises to a max¬ 
imum and drops off abruptly to zero 
at a 60-cycle rate. It is the current be¬ 
ing passed through the vertical wind¬ 
ings of the deflection yoke that causes 
the electron beam to be pulled down 
and released to return to the top of 
the picture tube at the same rate. 

In the meantime, the horizontal¬ 
sweep circuit is performing its func¬ 
tion at the rate of 1.5,750 cycles per 
second. By the time it has pulled the 
electron beam back and forth across 
all the odd lines in the 525-line pic¬ 

ture, the vertical sweep has pulled the 
beam down from top to bottom of the 
picture tube. 

Perhaps it would be clearer to com¬ 
pare this operation to a man painting 
the side of a house. Suppose there were 
40 boards on the side of a house. The 
man starts at the top and paints the 
odd boards all the way down from one 
side to another. Thus far he has moved 
across the side of the house 20 times, 
but he has passed only once from top 
to bottom. Now he goes back and 
paints the even boards in the same 
manner. He has finished the side of 
the house, he has moved across from 
side to side 40 times and he has moved 
from top to bottom twice. If it took 
him an hour to do the job, his “hori¬ 
zontal frequency” is 40 strips per hour. 
The vertical frequency would be two 
per hour. 

In television, each time the vertical 
sweep moves from top to bottom, one 
half the lines are scanned by the hor¬ 
izontal sweep. This is called a “field,” 
and the field frequency is 60 per sec¬ 
ond. It takes two fields to cover all the 
lines—odd and even. Two fields are 
called a “frame,” so the frame fre-
quency is 30 per second. And, as the 
horizontal sweep causes a complete 
line to be painted each time it moves 
across, the line frequency is 15,750 
times per second. 

Reviewing the action of the sweep 
circuits, it can be stated that the ver¬ 
tical sweep circuit in a television re¬ 
ceiver develops a control voltage 60 
times per second and that the hori¬ 
zontal circuit develops another such 
control voltage 15,750 times per sec¬ 
ond. These voltages are told when to 
start by a pulse of energy from the 
broadcasting station. The pulse rides 
in the same “carriage” with the pic-
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ture intelligence, and at a definite 
point in the receiver is taken from the 
carriage and ordered over to the sweep 
circuits to take charge. Once having 
been put in step, the sweep circuits 
are sent over to the deflection coil or 
yoke, there to move the electron scan¬ 
ning beam as a painter moves his 
brush. 

Power-Supply Circuits 
Two major circuits remain in a 

television receiver — the low-voltage 
power-supply circuit and the high-
voltage power-supply circuit. Just as 
in any radio, a television receiver 
needs to have the filaments of the vac¬ 
uum tube lighted and the proper volt¬ 
age applied to the other elements in 
the tubes before they will operate and 
cause the correct functioning of their 
associated circuits. This is the job of 
the low-voltage power supply. This 
supply source is usually a transformer 
which takes the house current and 
changes it into higher and lower volt¬ 
ages as required. 
The higher voltages are fed to a rec¬ 

tifier tube which has the ability to pass 
current in only one direction. When 
the voltage emerges from this tube it 
is no longer alternating current in the 
ordinary sense of the term but a type 
of direct current. It is made still 
“smoother” by means of coils of wire 
called “chokes” and by means of filter 
condensers. It is this voltage that is fed 
to the tubes in the receiver. 

In discussing picture tubes we 
learned that voltage was passed 
through the turns of wire making up 
the focus coil in order to control the 
size of the electron scanning beam. 
This voltage also comes from the low-
voltage power source. 
We know that in order to cause the 

fluorescent screen of the picture tube 

to glow, the scanning-beam electrons 
must hit it with considerable force. 
Also, if a high voltage is applied to a 
substance which is attracting the elec¬ 
trons, the higher the voltage the great¬ 
er the speed of the electrons. This high 
voltage in a picture tube is not applied 
directly to the fluorescent screen but 
to the second anode. The second an¬ 
ode speeds the electrons on their way 
and, after they have struck the screen, 
receives them and passes them back to 
the return circuit. 
The voltage for the second anode is 

developed by a rather ingenious meth¬ 
od. During the period that the hori¬ 
zontal-sweep circuit is allowing the 
electron beam to return to the start of 
a line, a strong pulse is generated. This 
pulse is fed to the high-voltage power¬ 
supply circuits, where it is amplified, 
fed to another transformer which steps 
up the voltage further, and then is rec¬ 
tified in the same way as the low-volt-
age rectifier tube converts its current 
to a type of d.c. 
The resulting high voltage is be¬ 

tween 8,WOO and 13,000 volts, and is 
to be treated with a great deal of re¬ 
spect! It is applied to the second anode 
of the picture tube through a snap-on 
connection on the side of the cone. Be¬ 
cause the original impulse voltage for 
such a power supply comes from the 
horizontal-sweep circuit at the time it 
is flying back from one side of the pic¬ 
ture-tube screen to the other, it is 
called a “flyback” power supply. Not 
all receivers use this type of high-volt¬ 
age power supply, but it is perhaps the 
most common. Such a unit is pictured 
on page 78. 

Intercarrier-Sound Receivers 
Before leaving the general discus¬ 

sion of receiver operation, one other 
type of television receiver—the inter-
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This is a flyback transformer unit 

carrier-sound type — should be dis¬ 
cussed. A block diagram on page 70 
shows the sound energy coming from 
a point following the video-detector 
circuit rather than directly from the 
tuner. This type is cheaper to manu¬ 
facture and makes for simplicity of 
tuning adjustments. The sound-energy 
carrier is amplified by the video i.f. 
amplifiers, thus cutting out the need 
for separate sound i.f. amplifiers. Sec¬ 
ondly, because the two carriers are am¬ 
plified together, they keep step so that 
the picture and sound are well syn¬ 
chronized. 
The video detector acts much as a 

mixer tube does, so that when the 
radio-frequency energy is fed to the 
audio detector, the difference frequen¬ 
cy of 4.5 megacycles is used between 
the sound and picture carriers. In 
some models this energy is fed directly 
to the detector; in others one stage of 
i.f. sound amplification is used. In al¬ 
most all instances a ratio-detector cir¬ 
cuit is used because it is insensitive to 
amplitude modulation and thus no in¬ 
terference creeps through from the 
amplitude-modulated picture carrier. 

Primary Controls 
The primary controls of a television 

receiver are generally located at the 
front of the cabinet. These are the 
operating controls. They are: 

Station or channel selector. By this 
means the station desired is selected. 
It controls the action of the tuner by 
putting into the circuit the proper r.f. 
amplifier circuit and oscillator circuit. 
As described previously in explaining 
the action of the tuner, the parts mak¬ 
ing up these circuits often change in 
value or adjustment. It is necessary to 
have some means of compensating for 
these changes. This is a function of the 

Fine-tuning control. As a rule, the 
fine-tuning control and the channel se¬ 
lector are mounted on concentric 
shafts—that is, the shaft of the fine-tun¬ 
ing control is within that of the selec¬ 
tor shaft. After the station desired is 
selected, it is brought into sharp de¬ 
tail by the fine-tuning control. This 
control is not found on continuous-
type tuners. 
Volume control. This performs the 

same function in a television receiver 
as the volume control of a radio—it 
controls the amplitude level of the 
sound. 

Brightness control. This governs the 
brilliance of the screen image. When 
the brightness control is varied, the 
difference in voltage between the grid 
and cathode of the picture tube is 
changed. Changing the voltage of the 
grid determines the number of elec¬ 
trons it permits to pass. If the voltage 
is permitting only a few, the amount 
of light on the screen will be small. If 
a large number of electrons are let by, 
the light on the picture tube will be 
great. 

Contrast control. This governs the 
“volume” of the picture in much the 
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same way as the volume control gov¬ 
erns sound. In most sets the contrast 
control regulates the video i.f. stages; 
in others it controls the video ampli¬ 
fiers and occasionally it also controls 
the r.f. amplifier. 

Horizontal hold. This is sometimes 
called the horizontal synchronizer, the 
synchrolock and the speed control. 
This allows the operator to keep his 
horizontal-sweep circuits operating at 
the required standard ol 15,750 cycles 
per second. As tubes age and other 
parts change in value, the horizontal¬ 
sweep circuit oftentimes will generate 
a frequency that is not quite 15,750 
cycles. The horizontal hold takes care 
of this variation. Because it is seldom 
necessary to use it, this control is often 
found at the rear of the receiver. 

Vertical hold. Occasionally called 
the frame control or vertical-frequen¬ 
cy control, the vertical hold keeps the 
vertical-sweep circuits operating at 60 
cycles per second. The same comments 
that apply to the horizontal hold are 
true of the vertical hold. Often, the 
two controls are mounted concentri¬ 
cally. Like the horizontal hold, the 
vertical hold is sometimes mounted at 
the rear. 

Secondary Controls 
Secondary, or nonoperating con¬ 

trols, are those which seldom need ad¬ 
justment. They are usually mounted 
at the rear of the set or under a plate 
on the front panel. A little understand¬ 
ing of what happens when these con¬ 
trols are adjusted often makes the dif¬ 
ference between excellent and unsat¬ 
isfactory results. 

Focus. The focus control is a cur¬ 
rent-regulating device. Varying the 
current passing through the focus coil 
changes the focal length of the elec¬ 
tronic lens set up by the magnetic 

field. The focus control should be ad¬ 
justed for the sharpest lines on the 
screen. This, like all image adjust¬ 
ments, should be done when the test 
pattern is being broadcast. One ad¬ 
justment will satisfy focus require¬ 
ments for all channels. 

Width. This control is a coil or con¬ 
denser which varies the operation of 
the secondary winding of the high-
voltage transformer. Varying this con 
trol requires a screwdriver. Some re¬ 
quire many turns before any effect can 
be noticed on the picture. Others can 
be turned only one revolution in all. 
The picture should fill the television 
screen from side to side. If it does not, 
the width-control adjustment is prob¬ 
ably at fault. When such an adjust¬ 
ment is made, a readjustment also will 
be necessary for the 

Horizontal linearity. This control 
makes sure that the voltage applied 
to the horizontal-deflection coil is 
smooth and even. If it is jerky, the pic¬ 
ture will appear pulled in or pushed 
in on one side or the other. Like all 
secondary controls, adjustment is to be 
made slowly and carefully. 

Vertical linearity. Similar in ap¬ 
pearance and action to the horizontal¬ 
linearity control, the vertical-linearity 
control is used primarily to correct dis¬ 
tortion in the top half of the picture. 
It acts on the vertical-sweep circuit 
and its frequency of 60 cycles. 

Height. Distortion of the lower half 
of the picture is corrected by the 
height control. It is almost always nec¬ 
essary to adjust the height and vertical¬ 
linearity controls together. Should it 
be necessary to adjust either one, only 
do so to fill the screen. Do not attempt 
to center the picture by these controls. 

Horizontal drive. This control reg¬ 
ulates the amplitude of the pulse fed 
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You will need to become familiar with parts catalogues like this one 

to the horizontal-amplifier tube and 
thus affects the high voltage to some 
extent. Any adjustment of this con¬ 
trol will also have an effect on the 
horizontal linearity, width and occa¬ 
sionally the horizontal hold, so that 
these adjustments may have to be 
“touched up” after changing the hor¬ 
izontal drive. 

Horizontal and vertical centering. 
These controls vary the current flow¬ 
ing through the deflection coils. They 
are not found on all receivers. Those 
which do not have such controls cen¬ 
ter the picture by the positioning of 
the focus coil around the neck of the 
picture tube. This is adjusted by 
means of a shaft which protrudes 
through the perforated back cover of 
the receiver. 

Mechanical Controls 
The deflection yoke, focus coil and 

ion trap, all found around the neck of 
the picture tube, are called the me¬ 
chanical controls. Their purpose and 
action has been described previously. 
How to adjust them is discussed in the 
chapter, “Replacing a Picture Tube.” 

TV-Circuit Tubes 
Although many different tubes are 

used in the various makes of receivers, 
there are some which are commonly 

used in all types. It will be helpful in 
servicing your own set to have an idea 
of the tubes most commonly found in 
the various circuits. A survey has 
shown the following chief types: 
Tuner-C>J6, 6CB6, 6AG5, 6AK5, 
6BC5, 6AB4 

Sound i.f.-6BA6, 6AU6, 6SK7 
Audio amplifier—6AU6, 6V6, 6K6, 

6L6, 6S J7, 6S8GT 
Audio detector—6AL5 
Video i.f.-6AU6, 6AG5, 6CB6, 6BA6 
Video detector—6AL5 
Video amplifiers—6AU6, 6AC7, 
6SH7, 12AU7, 6AQ5, 6V6 

Vertical sweep—6SN7, 12BH7, 12SN7, 
6SL7, 6V6, 12SL7 

Horizontal sweep—Same as vertical 
sweep, above 

Synchronizing circuits—12AU7.6SL7, 
6SN7, 6AL5 

Low-vol tage power supply—5Y3, 
5U4G, 5V4, 6X5 

High-voltage power supply— 1B3, 
1X2, 2V3, 6BG6, 6BQ6, f>CD6 

Danger Points 
Now that the functions of the re¬ 

ceiver have been explained and the 
common tubes listed, a study of those 
points which contain shock or mechan¬ 
ical danger can be made. 
There is only one source of mechan¬ 

ical danger in a television receiver— 
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the picture tube. The inside of the 
tube is maintained at a high vacuum. 
If it should break, air would rush in 
to cause an “implosion,” and glass 
would fly all over the immediate area. 
How to handle it safely is explained 
in the chapter, “Replacing a Picture 
Tube.” 
There are real electrical hazards 

present in a television set. If the prop¬ 
er precautions are observed, however, 
there is no danger at all. The ones 
who get hurt are those who are care¬ 
less or who didn’t know the set was 
“loaded.” 

After a receiver has been turned on, 
a charge is built up in the many con¬ 
densers which lingers long after the 
power is turned off. To prevent shocks 
during repair, this voltage should be 
discharged, or “bled.” The metal chas¬ 
sis offers good discharge points. 
Among the illustrations here is one 
showing how the high-voltage lead to 
the second anode of the picture tube is 
discharged by touching it to the metal 
case which encloses the high-voltage 
power supply. If the picture is closely 
inspected it will be seen that there is 
a spark, or arc, at the point of contact. 
This is caused by the stored current 
jumping over the gap to the ground-
ing’point. When this arcing stops, the 
charge is fully dissipated and the metal 
contact of the lead is safe to touch. 
Another picture shows how the 

high-voltage lead should be grasped— 
firmly by the rubber cap which sur¬ 
rounds the contact point. The tube it¬ 
self, if of the glass-envelope type, has 
a coating on the outer surface. This 
coating often holds a charge which, 
though slight and not usually suffi¬ 
cient to give a harmful shock, should 
be discharged. If it is not, you might 
get enough of a jolt from it to drop 

the tube. Any piece of insulated wire 
will act as a medium for discharging 
this and the other storage points in 
the set. 

How to Make a Shorting Tool 
For the amateur repairman, an 18-

inch length of ordinary lamp cord can 
be made into a satisfactory shorting, or 
discharging, device. Bare both ends of 
the wire and twist together the two 
conductors at each end. A half inch of 
bared wire is sufficient. If a soldering 
iron is available, it is wise to solder the 
bared ends to prevent fraying of the 
strands and to give the ends stiffness. 
Next, take two short pieces of wood, 
about 4 inches long, and tape them at 
each end of the rubber-covered sec¬ 
tion, leaving the bare wire protrude. 
This will provide a handle at each 
end. 
To use this shorting tool, touch one 

end to the part that is to be discharged 
and the other end to the chassis. This 
provides a free path for the electricity 
to flow out. Sparking will result when 
this is done, but this is harmless and 
need not cause you concern. 
Remember to keep your fingers well 

back of the bare ends of the shorting 
wires and do not permit any part of 
your body to touch the receiver. Ama¬ 
teurs are not likely to be careless when 
performing this operation the first few 
times. But the point to remember is 
that care must always be exercised 
even after you have become so adept 
at the shorting-out process that little 
thought is given to it. Do not let fa¬ 
miliarity breed contempt. 

How to "Bleed” a Set 
The danger points commonly found 

and the procedure to be followed in 
discharging them are as follows: 
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1. High-voltage lead from power sup¬ 
ply to picture tube. Remove and 
short the metal tip against the 
chassis. An arc will result. Be care¬ 
ful to grasp the lead by the rubber 
cap and do not let your free hand 
touch any part of the receiver. 
Follow the electrician’s adage: 
“Keep your free hand in your hip 
pocket.” 

2. Short the cap connections to the 
high-voltage rectifiers and ampli¬ 
fier tubes to the chassis. This re¬ 

quires removing the cover of the 
high-voltage supply. 

3. Short the outer coating of glass 
picture tubes to the chassis. Metal 
tubes are covered by a plastic insu¬ 
lating jacket. Stick an end of the 
shorting lead under this jacket, 
make contact with the tube enve¬ 
lope and short to the chassis. 

4. If the underside of the chassis is 
going to be handled, it will be wise 
to short the positive leads of the fil¬ 
ter condensers. 

Snap-on fuse holder. Inset photo shows how easily replacement is made 
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Danger points because of high-voltage 
buildups in your television set are il¬ 
lustrated on this and the following two 
pages. There will be no hazard, however, 
if you carefully "bleed" the current off 
these points by shorting them to the metal 
chassis of the receiver. Make a shorting 
tool like the one shown in Fig. 22 on page 
85. This picture series also is excellent for 
familiarizing yourself with your TV set. 

High-voltage rectifier tube 

Power-input safety lock High-voltage amplifier tube 

Exposed power fuse Flyback transformer unit 

Snap-on fuse holder Second anode of picture tube 
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Filter condensers 

Deflection coil 

Picture-tube socket connection 

Metal short to picture tube 

Ion trap 

Chassis of tuner 

Focus coil Metal band of picture tube 
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Antenna terminal strip 

Rubber padding ring (safe point) 

Horizontal-oscillator transformer Speaker connection 

Shorting cable 

FM discriminator transformer 

l.f. amplifier transformer Shorting picture-tube coating to chassis 



Chapter Six 

TV TROUBLES AND CURES 

_ _ ROUBLE that develops in elec¬ 
tronic equipment of any sort calls for 
the same approach as that used by a 
doctor. A boy’s stomach becomes upset. 
The cause—eating green apples. The 
symptoms — nausea, stomach-ache and 
the like. The cure—pills, castor oil and 
no more green apples. 

In television, the picture disappears, 
there is not a trace of light on the 
screen, but the sound is still good. The 
cause—a defective high-voltage tube, a 
defective horizontal-oscillator tube, 
etc. The cure—replacement of the de¬ 
fective part. Thus, every trouble 
makes itself known by symptoms. The 
problem is to know which causes can 
bring about the symptom. 

Because television has two different 
circuits—sound and picture—and also 
because the signals which make up the 
sound and the picture follow a com¬ 
mon path in certain sections of the 
receiver, there are three types of trou¬ 
bles which can arise: one, troubles 
which affect only the picture; two, 
troubles which affect only the sound 
and three, troubles which affect both. 
If one has become familiar with the 
basic course of the signals through a 
television receiver and the functions 
of the different circuits, he can, by 
elimination, reason that a certain 
symptom shows the difficulty must lie 
in a particular circuit or circuits and 
thus reduce hit-and-miss searching. 

It is true that a number of causes 
can bring about identical results as far 

as visual or audible symptoms are con¬ 
cerned. But, for purposes of home 
servicing, these can be tabulated and 
the possibilities narrowed. In this sec¬ 
tion a fairly standard procedure for 
television servicing is followed; the 
symptom is given and the possible 
causes are listed. In some cases, causes 
are listed the repair of which are be¬ 
yond the capabilities of many readers. 
This has been done for two reasons: 
one, to help those who have had ex¬ 
perience in radio servicing and, two, 
to give an idea of the type of repairs a 
serviceman may have to make if it is 
necessary to call one. 

It should be borne in mind that the 
majority of difficulties are brought 
about by failure of one of thezomall 
tubes and that very seldom do the sec¬ 
ondary controls go out of adjustment 
by themselves. Therefore, when a re¬ 
ceiver goes bad, do not start by twist¬ 
ing and turning all the available con¬ 
trols. To do so would be the most like¬ 
ly way to throw the whole unit out of 
adjustment. Instead, analyze the trou¬ 
ble and determine the likely sources. 
Refer to the trouble-shooting chart 
and then proceed on that basis. 

For the television home repairs dis¬ 
cussed in this chapter, only a few basic 
tools are necessary. They are a screw¬ 
driver with a standard blade, a Phil¬ 
lips screwdriver, a pair of ordinary 
pliers and a supply of tubes for re¬ 
placement. If any soldering is to be 
done, an 80-watt electric iron, some 

86 
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good rosin-core solder and a pair each 
of needle-nose and diagonal-cutting 
pliers are to be desired. 

It is hardly worthwhile to purchase 
any sort of testing equipment if you 
only wish to do casual servicing on 
your own television receiver. But if 
you desire to make a hobby of elec¬ 
tronics in any way, or have some other 
uses for such a device, you may pur¬ 
chase a reasonably priced multi-pur¬ 
pose meter at a radio-supply house. 
Such a meter will read resistance, volt¬ 
age and current, and is usually quite 
satisfactory for the average man. 
The replacement of parts other than 

tubes can be simplified. Values of con¬ 
densers and resistors are listed in the 
service bulletins. The major compo¬ 
nents in a receiver have distinguishing 
numbers which are not only listed in 
the service bulletins but usually 
stamped on the parts themselves. Re¬ 
placements can be obtained directly 
from the manufacturer’s service de¬ 
partment or from his distributor in 
your « zn locality. 
A wise precaution for the amateur 

to follow is to use a “direct” replace¬ 
ment for such a part. A direct replace¬ 
ment is one procured from the factory 
or made by some component part man¬ 
ufacturer so that it can be substituted 
for a defective part without any modi¬ 
fication of the circuits in any way— 
electronically or physically. Many 
manufacturers have issued replace¬ 
ment guides to assist in the purchase 
of the proper component. 

In replacing tubes, have on hand a 
supply of tubes which have been thor¬ 
oughly tested. It is disconcerting to 
look for a defective tube in a receiver 
and not find it because the tube one is 
using for replacement is bad also. The 
best test is to try the replacement tubes 

in an operating receiver as they are 
purchased to make sure they are good. 
Even a tube tester is not infallible. 
With a supply of replacement tubes 

on hand which are known to be good, 
a suspected tube in the receiver is re¬ 
moved and a good one put in. The 
receiver should always be turned off 
before doing this. Then turn the re¬ 
ceiver back on and see if the trouble is 
cured. If not, leave the replacement 
tube in and go on to the next one. 
Continue this until the trouble is lo¬ 
cated. Then start at the first tube and 
put in the one which had originally 
been in the receiver. If the set still op¬ 
erates well, the replacement tube need 
not be substituted. Check the other 
tubes replaced in the same manner. 
This step is necessary inasmuch as 
more than one tube may be bad at one 
time. By replacing tubes singly and 
then reinserting the original it is not 
possible to cure the trouble in such a 
case. 
The same principle holds true 

throughout any servicing. That is, 
bear in mind that more than one com¬ 
ponent may be defective. Usually a 
burned resistor will indicate a shorted 
by-pass condenser or a shorted tube, 
for example. In such a case it is not 
only necessary to replace the resistor 
but to locate the other defective part 
and replace it also. 
The replacement of defective parts 

is relatively simple. Anyone should be 
capable of disconnecting leads and re¬ 
soldering leads from a new component 
in the same manner as the old ones. 
The real trick is to know which part is 
defective. A logical approach and an 
ohmmeter will help considerably. Re¬ 
member a good service technician is 
paid not so much for the labor in¬ 
volved but for his knowledge. 



88 All About Television - - —- -

The remainder of this chapter is 
devoted to common television trou¬ 
bles, their causes and their cures. 

Horizontal Bars Across Screen 
(Loss of Horizontal Synchronization) 

Causes — Misadjusted horizontal¬ 
hold control, misadjusted horizontal¬ 
oscillator transformer, defective hori¬ 
zontal-oscillator transformer, defective 
horizontal sync-circuit tubes, defective 
resistors or condensers in the circuits. 

Cures—Readjust the horizontal-hold 
control. 
Check tubes by substitution. The 

tubes which may be involved here are: 
the horizontal-oscillator tube, horizon¬ 
tal-sync clipper, horizontal-sync separa¬ 
tor, horizontal discriminator, horizon¬ 
tal discharge or the AFC tube. Most 
receivers do not hare all these tubes. 
They are listed here to help the owner 
identify the ones in his own receiver 
regardless of how they are labeled. It 
is not possible to list all the different 
types of tubes used in all makes of re¬ 
ceivers in these circuits, but the most 
common ones are: 6SN7, 12AU7, 
6SL7, 6AL5, 12SN7, 12SL7. 

Readjust the horizontal-oscillator 
transformer. This unit is on the main 
chassis of the receiver and can be lo¬ 
cated by reference to the service bulle¬ 
tin and sometimes by referring to the 
component-layout chart on the inside 
of the cabinet. This is the device by 
means of which the horizontal-sweep-
circuit frequency is put in step with 
the pulses from the transmitter. It is 
generally “slug” tuned. Fig. 17 on 
page 85 locates the common type 
of horizontal-oscillator transformer. 
Notice that the threaded shaft which 
protrudes has a small screwdriver slot 
at the end. Turn this shaft slowly un¬ 
til the horizontal lines straighten out 

and the picture appears clear. This 
should be done with the horizontal¬ 
hold control centered, so that after the 
adjustment has been made on the 
transformer there is play on either 
side of the hold control. This is a pri¬ 
mary control, and the play is needed 
for making small adjustments. 

Replacement of resistors or condens¬ 
ers will usually require the services of 
a technician unless you have had ra¬ 
dio-repair experience and own an 
ohmmeter for testing. 

Horizontal Overlapping 
(Picture Folds Over on 

Itself from Side) 
Causes— Defect either in the hori¬ 

zontal-sweep circuits, damping circuits 
or possibly the sawtooth generator cir¬ 
cuits. Slight change in values of com¬ 
ponents which may be compensated 
for by adjusting secondary controls. 
Cures—Adjust horizontal-hold con¬ 

trol. Adjust width or linearity con¬ 
trols. Make these adjustments very 
carefully as it is not too likely that 
they will cure this trouble. If they do 
not, return the controls to their orig¬ 
inal positions and go on to the next 
step. 

Replace the damper tube. Common¬ 
ly used damper tubes are the 5V4, 
6W4 and 6AS7. A weak damper tube 
is the most common cause of horizon¬ 
tal overlapping. 

Failure of the above cures to rem¬ 
edy the trouble indicates a serviceman 
should be called. If equipment is 
available, check the resistors and con¬ 
densers in the damping circuit» 

If the foldover is quite pronounced 
—both sides of the picture lapping 
over the center—check the tubes in 
the horizontal-sweep circuits. Most 
likely offenders are the horizontal dis-
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charge, horizontal output, horizontal-
amplifier tubes. 12AU7, 6BD5, 6BQ6, 
6BG6 are commonly used types. 

Wrinkled Edge on the Picture 
Causes — Defective damping tube, 

defective deflection yoke or compo¬ 
nents in the deflection circuits. 

Cures—Although it is very seldom 
that a defective damping tube will 
cause wrinkles, it is the simplest thing 
to replace for this defect and should 
be tried first. Common types are 5V4, 
6W4 and 6AS7. 
The deflection yoke has a number of 

small components—resistors and con¬ 
densers—mounted on it. Some of these 
may be at fault in this case and should 
be replaced. 
The deflection yoke itself will some¬ 

times cause wrinkles. Because there is 
small likelihood of these yokes going 
bad, it is not worth while to keep one 
on hand to check the old one by the 
substitution method. If an ohmmeter 
or other test instruments are readily 
available, resistances and voltages can 
be checked. The man handy with a 
soldering iron can replace the small 
components attached to the deflection 
yoke at small cost. For component val¬ 
ues, refer to the service bulletin. 

In doing repair work of the above-
mentioned type, the amateur repair¬ 
man can be quite successful if he is 
careful to replace components with 
others of the exact value required, if 
he labels his wires so that they can be 
reconnected to the proper terminals 
and if he makes sure that all solder 
joints are firm and properly made. All 
power should be turned off and con¬ 
densers and other danger spots dis¬ 
charged, of course, before proceeding 
with work of this sort. 

Vertical Line on Screen 
Causes—Failure in the horizontal¬ 

sweep circuits. (Note—This trouble 
occurs only on receivers whose hori¬ 
zontal-sweep circuits and high-voltage 
circuits operate independently of each 
other.) 

Cures—Check tubes in the horizon¬ 
tal-sweep circuits. Most likely offend¬ 
ers are the horizontal-oscillator and 
the horizontal-output or amplifier 
tubes (12AU7, 6SN7, 12SN7, 6BD5, 
6BG6, 6BQ6). In 7-inch receivers, it 
will almost always be found that this 
difficulty is caused by a defective 12-
SN7 tube. 

Occasionally a receiver has a small 
fuse on the order of 14-ampere in this 
circuit. If that opens, the result will be 
a vertical line. If the horizontal-deflec¬ 
tion coil in the deflection yoke opens, 
there will be no horizontal control ap¬ 
plied to the electron scanning beam. 
If an ohmmeter is available, this can 
be checked. 

Narrow Picture; 
Cannot Be Widened 

To Fill Screen 
Causes—Defect in the horizontal¬ 

sweep circuits or in the low-voltage 
power supply. 
Cures—Although the apparently log¬ 

ical first step is to check the tubes in 
the horizontal circuits, this is one de¬ 
fect which does not quite conform to 
the logical way of servicing as the most 
common cause of a long, narrow pic¬ 
ture is weakening of the low-voltage 
power-supply rectifier tube. As a gen¬ 
eral rule, the narrowing comes about 
rather gradually. The first step, then, 
is to substitute in the low-voltage pow¬ 
er supply. The most common tube in 
this circuit is a 5U4G. 5V4G tubes are 
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occasionally used, as well as 5Y3 tubes. 
In the latter case, two or more are of¬ 
ten found instead of one single tube as 
the 5Y3 is not capable of performing 
as much work, as either of the other 
two types. As this power supply also 
affects the other tubes in the set which 
receive and amplify the signals, it will 
usually be noticed that the overall per¬ 
formance is improved in replacing a 
defective one. 

If, after trying the low voltage rec¬ 
tifier tube, the picture still is too nar¬ 
row and cannot be widened with the 
width control, substitute the horizon¬ 
tal-oscillator and amplifier tubes. The 
horizontal-output or amplifier tube is, 
incidentally, the most expensive one 
in the receiver excepting the picture 
tube. In replacing any of the tubes in 
the horizontal-sweep circuits, it should 
be borne in mind that it is almost al¬ 
ways necessary to make a readjustment 
of the horizontal secondary controls— 
width, speed, frequency, hold and the 
like. These adjustments should not be 
made, of course, until the trouble has 
been cured. Generally speaking, the 
horizontal-oscillator transformer is 
that which will require the adjustment 
so that it can bring the horizontal¬ 
sweep frequency in step properly by 
taking into consideration the changed 
characteristics of a new tube. 

Failure of certain other components 
will also cause a long, narrow picture. 
A shorted horizontal-deflection coil, 
shorted output transformer, and de¬ 
fective condensers and resistors are 
possible causes. 

ment. It usually occurs in the vertical 
circuit and indicates that a ripple from 
the 60-cycle components is getting 
through due to failure or leakage of a 
filter or by-pass condenser in the 
sweep circuits. Unless one has testing 
equipment available, it is necessary to 
tall a serviceman. If equipment is 
handy, check the by-passes in the cen¬ 
tering circuits and the filtering con¬ 
densers in both sweep circuits. The 
same effect can be brought about by 
defective filter condensers in the pow¬ 
er supply. 

Picture Split by Vertical Black Line 
With Portion of Picture 
On Each Side of Bar 

Causes — Defective horizontal dis-
< riminator or sweep circuits. 

Cures—Adjust discriminator or oscil¬ 
lator transformers in horizontal-sweep 
circuits. As previously mentioned, 
these transformers are usually the slug-
tuned type with a threaded screw for 
control. 
Defective discriminator tube 

(6AL5). 
Analysis of this trouble will logical¬ 

ly lead to the conclusion that the hor¬ 
izontal-sweep frequency is twice what 
it should be so that two pictures in¬ 
stead of one appear. 

Scalloped Edges on Picture 
Causes—Defective filtering in the 

sweep circuits. 
Cures—This is a rather difficult 

trouble to cure without proper equip¬ 

Picture Rolls Vertically 
(Loss of Vertical Sync) 

Causes — Poorly adjusted vertical¬ 
hold control, defective tubes in verti¬ 
cal-sweep circuits, defective small com¬ 
ponents in vertical circuits. 
Cures—Adjust vertical-hold control. 

This is best done by rotating the con¬ 
trol until the picture moves down¬ 
ward very slowly. Then reverse the ro¬ 
tation to the point where the picture 
snaps back into a steady position. 
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Replace tubes in the vertical-sweep 
section. These include the vertical¬ 
synchronization tubes, both clippers 
and separators. Types used are 12AX7, 
12AU7, 6SN7, 12SN7 and 6J5 tubes. 

Failure to correct this defect either 
by adjustment of the hold control or 
substitution of tubes in these circuits 
is evidence of the failure of a small 
component. This is best repaired by a 
serviceman. As always, any replace¬ 
ment of small components should be 
attempted only by those with some 
knowledge of radio repair. 

Horizontal Line in Center of Screen 
(No Vertical Sweep) 

Cause—Vertical-sweep circuits have 
developed failure. 
Cures—Replace vertical-oscillator or 

amplifier tubes. The common ones 
used are 6AQ5, 6SN7, 12BH7, 12SL7, 
12SN7, 6V6, 7C5. 
Check the vertical-linearity and 

height controls by moving them slight¬ 
ly while observing the picture. These 
are usually carbon potentiometers, 
and over a period of time arcing can 
occur which will burn a small spot at 
the point of contact and break the cir¬ 
cuit. If this does happen, it is some¬ 
times possible to clean the offending 
component by pouring into it some 
carbon tetrachloride, which washes 
out the grit. At other times, slightly 
moving the control contact off the bad 
spot will bring back the vertical sweep 
with a slight sacrifice to height or 
linearity. 
The best cure, of course, is to re¬ 

place the control that has gone bad. 
This is very simply done if one has 
available the direct replacement, pli¬ 
ers and a soldering iron and is careful 
to install the new unit in exactly the 
same way as the old one. 

If tube replacement does not cure 
the trouble and the height and verti¬ 
cal-linearity controls are good, any fur¬ 
ther repairs should be attempted only 
if one has an ohmmeter for testing. If 
an ohmmeter is available, continuity 
should be checked on the vertical¬ 
blocking transformer, the vertical-os¬ 
cillator transformer and the vertical¬ 
deflection coils in the deflection yoke. 
Open resistors and shorted condensers 
in the vertical-amplifier circuits can be 
at fault. 

Picture Too Large or 
Too Small Vertically 

Causes—Vertical-sweep circuits, ver¬ 
tical-linearity and height controls, 
voltages to vertical circuits not proper. 
Cures—Adjust height and vertical¬ 

linearity controls. 
Replace vertical oscillator and/or 

amplifier tubes. 
Check small components in this 

circuit. 
Check voltages applied to vertical -

oscillator and amplifier tubes to see if 
they meet the standards set by the 
manufacturer in his service bulletin. 
If not, the supply voltage should be 
traced back to the source to see where 
the trouble lies. 

Top and Bottom of Picture 
Out of Proportion 

Causes—Linearity and height con¬ 
trols misadjusted, defective vertical¬ 
amplifier tube, defective components 
in the vertical-oscillator and vertical¬ 
amplifier circuits. 
Cures—Readjust the vertical-linear¬ 

ity and height controls. 
Replace the vertical amplifier tube 

-6SN7, 6AQ5, 6J5, 12AT7. 
Check small components with an 

ohmmeter. 



92 All About Television 

Picture Jumps Vertically Up or Down 
Causes—Vertical-hold control set too 

critically, vertical-sync circuits not op¬ 
erating properly, poor filtering, inter¬ 
ference entering through antenna. 

Cures— Reset vertical-hold control. 
Picture should snap in position with a 
good, positive action. If not, trouble 
lies elsewhere. 

Replace vertical-sync-circuit tubes— 
sync clipper, sync separator, etc. 
Checking the filtering usually incurs 
a fair amount of signal tracing to find 
where alternating current may be en¬ 
tering the circuit and is usually a job 
for the professional serviceman. 

If the trouble is caused by interfer¬ 
ence which enters through the anten¬ 
na system, as would be the case where 
ignition noises and other electrical in¬ 
terference is the cause, only two real 
cures are available—reorienting the an¬ 
tenna for minimum interference and 
replacing the lead-in with a coaxial or 
shielded type. Of course, it is possible 
to trace down the source of interfer¬ 
ence and shield it, but that is often 
quite difficult to do and even after the 
cause is found it may not be possible 
to cure it. 

Occasionally, microphonie tubes 
will cause the picture to be jumpy. Tap 
the tubes in the vertical circuits light¬ 
ly while watching the picture on the 
screen. If it jumps when any one tube 
is tapped, this is the likely trouble¬ 
maker. 

Check the adjustment of the verti¬ 
cal-linearity and height controls. In 
many cases, trouble of this sort is 
caused by an attempt on the part of 
juvenile members of the family to “fix 
the television set.” 

Deflection yokes have several small 
components—resistors and condensers 
—mounted inside the cardboard cas¬ 
ing. If the foregoing cures are ineffec¬ 
tive, it is advisable to remove the yoke 
and check these components with an 
ohmmeter. It may not be possible for 
the amateur to identify which is the 
horizontal and which the vertical sec¬ 
tion by tracing the leads. To find out 
quickly, disconnect the yoke and meas¬ 
ure the coil resistances, which are giv¬ 
en in the service bulletin. If the resist¬ 
ance measurements of the wire that 
compose the coils match those given in 
the bulletin, the coil itself is all rieht. 
To check the small components them¬ 
selves, one end of each should be dis¬ 
connected, otherwise the readings may 
be inexact. 

Vertical Overlap 
Causes—Defective vertical-deflection 

yoke, defective vertical-oscillator, ver¬ 
tical-amplifier or output tubes. Misad¬ 
justed height or vertical linearity. 

Cures—Substitute—one by one—for 
the tubes mentioned above. 

Picture is Split 
Or Two Complete Pictures 

Appear Vertically 
Causes— Improperly set vertical-hold 

control, or a defective component in 
circuit. 

Cures — Readjust the vertical-hold 
control. 
Look for a defective tube in the ver¬ 

tical-sweep and sync circuits by substi¬ 
tution. It is unlikely that any of these 
will cause the difficulty, but it is pos¬ 
sible and should be attempted as it’s 
one of the easier things to do. Possible 
defective components are: vertical-os¬ 
cillator transformer, resistors and con¬ 
densers in the oscillator and amplifier 
circuits. 



About Television 93 

No Picture, No Sound 
Picture Tube Not Lighted 

Causes— Receiver not plugged into 
electrical outlet, power cord defective, 
safety-interlock, switch not properly 
connected, fuse in receiver blown, 
power-transformer primary open, de¬ 
fective on-off switch, defective low-
voltage-rectifier tube, open tube fila¬ 
ment in a.c.-d.c. sets, short in set, etc. 
There are other causes possible for this 
trouble. Some can be very obscure. 

Cures—Remove the receiver plug 
from the electrical outlet and test the 
outlet by plugging in a lamp to make 
sure none of the house fuses has gone 
bad. 
Check the power cord for an ob¬ 

vious break. If an ohmmeter is avail¬ 
able, check continuity by connecting it 
to the prongs on the power-cord plug. 
The line should read open—infinite 
resistance—with the power switch in 
the “off” position. In the “on” posi¬ 
tion, there should be a reading of 
some sort. Lack of a reading with the 
power switch turned to the “on” po¬ 
sition indicates an open power cord, 
poor contacts or a defective safety-in¬ 
terlock switch, a defective “on-off” 
switch, an open primary in the power 
transformer or, possibly, some other 
open circuit among the most common 
of which would be the fuse. All possi¬ 
ble troubles which can be checked 
without completely removing the chas¬ 
sis from the cabinet should be investi¬ 
gated. The interlock, the power cord 
and usually the fuse can be checked 
merely by removing the back of the 
set. Replace defective wire or switches. 
Caution should be exercised if the 

fuse is found to be defective. Often a 
fuse will open because of age, a small 
surge in the power supply or for some 

other very temporary reason. How¬ 
ever, it must be borne in mind that a 
fuse is a protective device and that the 
usual reason for its failure is that some 
circuit in the receiver has developed 
a short, thus drawing excessive cur¬ 
rent. If the fuse does not open but 
permits this condition to go on, it is 
quite possible that the continued op¬ 
eration of the receiver will cause one 
or more components to burn out, 
wires to burn and a great deal of dam¬ 
age to follow. Therefore, whenever a 
fuse has gone bad, do not short it out 
by wrapping tinfoil around it or jump¬ 
ing the contacts with a piece of wire. 
Replace it with a fuse of the same 
value. This is a simple matter. Fuses 
are most commonly of the “pigtail” 
type, that is, a small glass tube, metal¬ 
capped at each end and with a wire 
lead soldered to the metal cap. Small 
“snap-on” devices are available on the 
market which can be snapped on the 
fuse in the circuit and another good 
fuse snapped on the back of the device. 
The photos on page 82 show how 
this is done. Whenever a new fuse is 
needed, it is a simple matter to snap it 
into the snap-on fuse holder. Further 
replacements can be made without 
effort. 
A less commonly used method of 

connecting a fuse into a circuit is by 
use of the “fuse-extractor post.” This 
is more expensive for the manufac¬ 
turer, entailing an additional compo¬ 
nent besides the labor of installing it. 
However, some receivers do have such 
posts, generally at the rear of a chas¬ 
sis. Replacement of a fuse in this case 
is done by simply unscrewing the cap, 
removing the fuse and inserting a new 
one. As always, care should be exer¬ 
cised to replace with the proper-sized 
fuse. 
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“Slo-Blow” fuses are often found. A 
“Slo-Blow” fuse is one which will not 
open immediately with a slight cur¬ 
rent surge or build-up such as occurs 
in filter condensers, but opens only 
after the rating has been exceeded for 
a short period of time. Thus the nui¬ 
sance of changing fuses constantly be¬ 
cause of small surges is alleviated and 
the temptation to insert fuses of high¬ 
er value to reduce the number of 
blowouts is removed. 
The procedure to follow in replace¬ 

ment of a defective fuse is simple but 
should be adhered to rigidly. Insert 
the fuse of the proper value. Turn on 
the receiver and watch very closely for 
any sign of arcing, smoke, smell of 
burning, odd streaks on the screen of 
the tube or other indications of trou¬ 
ble. If these do occur, turn the power 
off immediately. The indications giv¬ 
en show that the fuse went out in its 
capacity as a safety device and not be¬ 
cause of some trouble within itself. 

Perhaps the most common cause of 
a dead receiver is failure of the low-
voltage rectifier tube. If inspection 
shows the filaments of the tubes to be 
lighted but there is no sound, picture 
or raster, the first culprit to suspect is 
the low-voltage rectifier. This sup¬ 
plies B-plus voltage in almost all re¬ 
ceivers except a very few with a special 
power supply. Check this tube then 
by inserting a known good one. Recti¬ 
fiers are 5U4G, 5V4G, 6X5, 5Y3, 7X6, 
25Z5, etc. Note that the letter follow¬ 
ing the first digit in rectifier tubes is 
usually one from the last part of the 
alphabet. Remember that some receiv¬ 
ers use more than one low-voltage rec¬ 
tifier tube, in particular those with 
5Y3 tubes. 

In some types of a.c.-d.c. television 
receivers, where the tube filaments are 

in series, failure of the filament of one 
tube will cause the whole receiver to 
become inoperative just as failure of 
one light in the old-fashioned Christ¬ 
mas-tree series circuits would cause a 
whole string to go out. If the pins on 
the tube base to which the filament 
leads are connected are known, each 
tube can be tested for this defect with 
an ohmmeter. Otherwise, find the dif¬ 
ficulty by substitution or by removing 
the tubes from the receiver and having 
them tested. 

Replacement of a defective on-off 
switch, a defective power transformer, 
an open circuit in the receiver or 
similar troubles is too difficult for the 
average person to undertake unless he 
is positive where the trouble is. Open 
transformers and defective switches 
are best found by checking continuity. 
They should be replaced with a man¬ 
ufacturer’s replacement or by a stand¬ 
ard type. In some cases, a transformer 
which is proper for the job cannot be 
mounted without drilling new mount¬ 
ing holes in the chassis. If tools are 
available, this is not difficult to do and 
often quite feasible in that it enables 
a “stronger” unit to be used in replace¬ 
ment than was originally installed. 
Generally speaking, work of this type 
should be left to the serviceman. 

No Picture, No Sound 
Picture Tube Lighted 

Causes—Reasoning will show that in 
this case the high voltage is operating, 
the receiver is getting power and the 
trouble must lie in some section which 
carries or in some way controls both 
the audio and picture signals. The 
fault could be in the antenna or its 
lead-in, the tuner, or, in receivers us¬ 
ing the intercarrier system, the inter¬ 
mediate-frequency amplifier circuits. 
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Cures—Check the antenna system 
for a break in any of the connections 
either at the antenna itself or along 
the lead-in or at the point at which 
it is connected to the receiver. If a 
folded-dipole antenna is used, the 
lead-in and antenna can be checked by 
connecting an ohmmeter across the 
conductors at the receiver end without 
going on the roof. If continuity shows, 
the trouble lies elsewhere. Indoor an¬ 
tennas are highly suspect as they are 
handled so much that leads are more 
often broken. 
Check the tubes in the tuner by sub¬ 

stitution. The most likely offender is 
the oscillator tube. Tubes used in tun¬ 
ers are 6J6, 6AG5, 6AK5, 6BC5 and 
6BC6. It is possible in some types of 
tuners that the switch mechanism has 
become defective and no contact is be¬ 
ing made when the knob is turned. 
Tli is is rare, however. Repairs on tun¬ 
ers are quite critical, particularly if 
they involve realignment and circuit¬ 
component replacement, so that most 
servicemen prefer not to tackle the 
job but will usually recommend a 
new replacement. 
Check the tubes in the intermediate¬ 

frequency amplifiers. This applies to 
the intercarrier-type receivers where 
the sound and picture signals follow 
along the same path to the detector 
tube. Common tubes are 6AU6, 6BA6, 
6AC7 and 6CB6. 
Open resistors, open coils, open or 

shorted condensers and the like can 
cause this trouble. Simple tube failure 
or a break in the antenna lead is the 
cause in almost all cases, however. 

Sound But No Picture 
(Tube Does Not Light) 

Causes—The failure must lie in a 
circuit which lights the picture tubes 

or controls the electron beam or video 
output. Therefore, the possibilities are 
the picture tube itself, the high-volt¬ 
age power supply, the horizontal¬ 
sweep circuits and the vertical-sweep 
circuits or the video-output circuits. 

Cures—Check the picture tube and 
make sure the filament is lighted. This 
is seen by looking inside the neck of 
the tube after removing the back cov¬ 
er. If the filaments are not lighted, 
either the transformer which supplies 
the voltage has become defective, a 
socket or connector between that 
source of power and the picture tube 
has lost contact or the tube itself is 
bad. If a voltmeter is available, the 
output of the kinescope filament trans¬ 
former can be checked. If the trans¬ 
former is defective, replacement 
should be made in the usual manner. 
Sockets and connectors are easily 
checked to make sure they are not 
loose or that a lead is not broken. In 
some picture tubes, it has been found 
that the filament wires are not proper¬ 
ly connected to the pins on the tube 
base. If this is the case, the tube is de¬ 
fective and should be repaired or re¬ 
placed by the dealer, distributor or 
manufacturer under the terms of the 
warranty. If the sockets, connectors, 
transformers, etc., are good, and the 
filaments do not light, the inference to 
be made is that the picture tube is de¬ 
fective and should be replaced. 

If the high-voltage power supply is 
defective, there will be no light on the 
picture tube. Perhaps this is the most 
common failure in television receivers 
and in the majority of cases it is due 
to a simple tube failure. The presence 
of sound indicates that the low-voltage 
power supply is functioning properly. 
Therefore, only those tubes directly 
affecting the high voltage need be test-
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ed. As most receivers use the flyback 
or kickback high-voltage system, the 
failure of the horizontal-oscillator tube 
which provides the triggering; im-
pulses will cause the high voltage to go 
out. Check by substitution. The com¬ 
mon tubes are 6SN7, 6SL7, 6AL5, 
12SN7, I2BH7, 12AU7. Next, substi¬ 
tute the horizontal output or amplifier 
tubes—6BG6, 6BQ6, 6CD6—and the 
high-voltage rectifier tubes— 1X2, IBS, 
2X2, 2V3. Occasionally, high-voltage 
power supplies are independent of the 
other portions of the receiver in which 
case all tubes in the supply are poten¬ 
tial offenders. 
Caution/ In making substitutions 

in the high-voltage supply, be sure the 
power cord is disconnected and all dis¬ 
charge precautions are carefully ob¬ 
served. Replacement of other compo¬ 
nents in the high-voltage power sup¬ 
ply are made in the usual manner. 

Check the tubes in the video-output 
circuit. 

Check the ion trap. There arc times 
when a receiver is jarred so badly that 
the ion trap becomes misadjusted. 
This can be determined by adjusting 
it in the manner described in the chap¬ 
ter, “Replacing a Picture Tube.” 

Adjust the brightness and contrast 
controls. If these are defective they 
can cause the trouble cited. However, 
such a cause is most uncommon. More 
common, oddly enough, is the fact 
that some people fail to turn up their 
brightness controls and call a service¬ 
man to repair a nonexistent defect. De¬ 
fective small components, controls and 
the like cannot be found with cer¬ 
tainty without test instruments. If in¬ 
struments are available, the standard 
continuity and voltage checks will iso¬ 
late the trouble so that repairs can be 
made. 

Sound But No Picture, Tube Lights 
Causes—The trouble must lie in a 

circuit which affects only the video sig¬ 
nal. This could be the video i.f. cir¬ 
cuits, the video detector or the video 
output. One further cause is possible. 
Occasionally, a “screwdriver" mechan¬ 
ic will attempt to better his picture by 
adjusting i.f. transformers or some 
tuner components. If the picture is 
lost because of this there is no recourse 
but to call the sen iceman and let him 
take the receiver to his shop for a com¬ 
plete realignment. 

Cures — Replace the tubes in the 
video i.f. circuits. These are 6AU6, 
6CB6, 6BA6, 6AQ5, 6AC7, 6AL5, 
6AG5. 

Replace the video-detector tube— 
6AL5, 12AU7. 

Replace video-output tubes— 12-
AU7, 12SN7, 25L6, 6AC7, 6AL6 
CAT). 
Open coils, resistors, etc., are found 

by using test instruments. 

Picture But No Sound 
Causes— Defect must lie in those cir¬ 

cuits which carry only the audio sig¬ 
nal. These are the audio i.f., audio 
detector or discriminator, audio ampli¬ 
fiers and speaker. 
Cures—Check the speaker cable and 

plug to make sure that contact has not 
become broken. This sometimes hap¬ 
pens during a housecleaning period 
when a mop or broom is pushed under 
a console television receiver. 
Check the audio-output tubes first— 

6V6, 6K6, 6F6, 6L6, 25L6, 7C5-then 
the audio-amplifier tubes, which can 
be the same types plus 6SQ7, 6SJ7, 12-
SQ7, 12AT6, and then the detector or 
discriminator tube. Audio-detector 
tubes are many and varied, but the 
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6AL5 is the most popular in the TV 
sound system. 

If the defect is not uncovered at 
this point, the next step is to try the 
audio i.f. tubes. Receivers using the in¬ 
tercarrier method of sound detection 
and amplification will as a rule have 
only one i.f. tube in the audio system 
—a 6AU6, 6BA6, 6SK7, 6SJ7, etc. 
Those in which the sound and video 
signals follow separate paths have 
more. 

If the replacement of tubes has no 
curative effect, the speaker can be 
checked. This is a most unusual diffi¬ 
culty and shows up generally iir a grad¬ 
ual manner. Because of the necessity 
of matching impedances and the fact 
that some receivers use permanent 
magnets whereas others are the dy¬ 
namic type, it is not too practical to 
check by substituting the speaker from 
another receiver—radio or TV. The 
simplest check is to apply an ohmme¬ 
ter to the voice-coil leads of the speak¬ 
er. If there is continuity or the speak¬ 
er diaphragm or cone moves with a 
slight click as the leads are applied, 
then the speaker itself is not the cause 
of the trouble. If an ohmmeter is not 
available, applying an ordinary 114-
volt flashlight battery to the leads also 
will cause it to click and move. The 
leads can be identified easily in most 
cases. Many sets have only the two 
leads going directly to the voice coil 
from the chassis. Others may have sev¬ 
eral, some of which go to a transformer 
or a choke mounted on the speaker cas¬ 
ing. The voice-coil leads can be identi-o 
fied by observing which are attached 
to the cone of the speaker itself. 
The sound section of a TV receiver 

is very much like a regular radio re¬ 
ceiver. The major difference lies in the 
fact that certain circuits of a television 

receiver—notably the tuner—carry both 
sound and picture signals. Besides the 
possible causes listed as trouble 
sources, defective transformers, coils, 
condensers, resistors and controls also 
can result in loss of sound. Trouble 
shooting in the audio is, therefore, to 
be carried on as it would be in a radio, 
always bearing in mind that when the 
set is turned on there is high voltage in 
the video circuits which should be 
avoided with care. Anyone with a 
knowledge of radio repair should have 
no difficulty servicing the sound sec¬ 
tion of a TV receiver. Without that 
knowledge, the services of a repairman 
should be used. 

Distorted Sound 
Causes — Defective tubes, defective 

components, improper alignment, rub¬ 
bing voice coil in speaker, torn speak¬ 
er cone, misaligned detector trans¬ 
former. 

Cures—The same cures as those 
tried for lack of sound should be tried 
in this case. Tube replacement is less 
likely to correct the trouble but should 
be attempted. Inspect the speaker for 
a torn cone. If the cone is torn, it fre¬ 
quently can be repaired by patching it 
with stiff paper similar to construction 
paper and cementing the patch with 
airplane glue. This, of course, is possi¬ 
ble only if the tear is relatively small. 
A rubbing voice coil indicates com¬ 
plete replacement or having a profes¬ 
sional put in a new cone. Rubbing can 
be checked by removing the speaker 
and gently pushing the cone in and 
out with the finger tips, taking care 
not to tear or punch the cone. The 
cone should move freely with no ap¬ 
parent friction. 
Alignment of any sort should not be 

attempted without proper test equip-
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ment such as a signal generator, out-
put meter, oscilloscope, etc., as well as 
a knowledge of just what one is doing. 

Shorted or leaky condensers, defec¬ 
tive resistors and the like are found 
with test instruments. 

Weak Sound 
Causes — Same as in “Distorted 

Sound.” Open condensers, changed 
value resistors and weak tubes are the 
most common causes of weak sound. 

Cures—Same as for distorted sound. 
It is also possible that the low voltage 
being supplied to the audio circuits is 
deficient. If the picture is excellent 
but sound is weak and the cause is 
poor voltage, the circuit must be 
traced out to locate the seat of the 
trouble. 

Poor alignment can be determined 
by adjusting the position of the fine-
tuning control. If good clear sound 
can be obtained at any point regardless 
of the picture quality, then misalign¬ 
ment is indicated. The indicated pro¬ 
cedure is to call a serviceman, but in 
some receivers an adjustment of the os¬ 
cillator “slug” in the tuner will rectify 
the trouble. Such cases are rare and 
are most often found when the oscilla¬ 
tor tube has been replaced. To adjust, 
gain access to the oscillator adjust¬ 
ments on the tuner either through the 
front panel as provided for in some re¬ 
ceivers or by removing the receiver 
from the chassis. Make all adjustments 
with an insulated alignment tool, since 
the metal in an ordinary screwdriver 
affects the circuit. 

do in this case. Misalignment is only 
to be corrected with proper equip¬ 
ment. Faulty settings of sound traps 
are, generally speaking, jobs for the 
serviceman. And, as is usual, the trou¬ 
ble can be caused by a faulty by-pass 
or filter condenser which will require 
test instruments to find. 

Picture Smeared 
Causes—Fault lies generally in the 

video-i.f. or video-amplifier circuits. It 
is necessary to amplify all portions of 
a video signal equally and, in order to 
do so, circuits composed of certain 
small components are designed. Any 
defective part in these integrating and 
compensating networks can cause 
smearing. Occasionally, one of the 
video tubes will become slightly defec¬ 
tive and give the same results. 

Cures — Check by substitution the 
video tubes. 

Further attempts to correct this 
trouble should be made only by quali¬ 
fied service people. 

Hum. Picture and Sound Good 
Causes—Noisy tube, misalignment, 

sound traps misadjusted. 
Cures — Except for checking the 

tubes, there is little the layman may 

Picture Not Centered 
Horizontally or Vertically 

Causes — Centering controls misad¬ 
justed, deflection yoke misadjusted, 
centering controls shorted, ion trap 
misadjusted. 
Cures—Adjust centering controls. If 

they fail to bring the position to cen¬ 
ter, but do have an effect on the posi¬ 
tioning of the picture, the control 
itself is not defective but a misadjust¬ 
ment of the deflection yoke is indicat¬ 
ed. To adjust the deflection yoke, loos¬ 
en the holding screws that hold it in 
the bracket and move it slightly until 
the picture is centered. Be careful to 
keep the yoke well forward and 
pushed against the bell of the picture 
tube. 
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If adjustments made with the cen¬ 
tering controls fail to move the pic¬ 
ture at all, the control itself quite 
probably is shorted or the associated 
components in the centering circuit 
are defective—generally a shorted con¬ 
denser will be to blame. 

Misadjustment of the ion trap occa¬ 
sionally results in improper centering. 

Picture Tilted 
Cause—Misadjusted deflection yoke. 
Cure—Adjust deflection yoke as de¬ 

scribed under “Picture Not Cen¬ 
tered.” Be careful to tighten the hold¬ 
ing screws after the adjustments are 
made to prevent the yoke from slip¬ 
ping again should the receiver be 
jarred. 

by means of a shaft which protrudes 
through the back cover. 

If adjustment of the focus control 
has no effect, the implication is that 
the control itself is shorted and should 
be replaced. Also, resistors shunted 
across the control may be shorted. A 
shorted—either partially or complete-
focus coil is best determined by using 
an ohmmeter. In testing the resistance 
of the coil, disconnect one of the leads 
so that the resistance of the coil only 
is being read. 
A slight misadjustment of the ion 

trap will often defocus a picture. Move 
it in the prescribed manner to deter¬ 
mine if this is the cause. 

Occasionally, a defective picture 
tube is indicated by the inability to 
focus the picture. This is decidedly the 
exception rather than the rule. Picture Out of Focus 

Causes—Focus control misadjusted, 
focus coil misadjusted, focus control 
or focus coil completely or partially 
shorted, ion trap misadjusted. 

Cures—Readjust focus control. Oc¬ 
casionally, it will seem that the focus 
control adjustment will almost—but 
not quite—focus the picture. If that is 
the case, the focus control should be 
set at the center point of its rotation. 
Then, readjust the focus coil, which is 
located around the neck of the picture 
tube. To adjust the focus coil, it will 
generally be necessary to loosen the 
set screws which hold it in position. 
Carefully move it back and forth or 
tilt it as seems necessary to (1) focus 
the picture all across the screen and, 
(2) make sure there are no dark shad¬ 
ows on the screen. Some receivers have 
no variable focus control at the rear of 
the chassis or on the front panel. This 
type requires that all focusing be done 
by the focus coil, either by manipulat¬ 
ing it manually with the back off or 

Portion of Picture in 
Shadow or Cut Off 

Cause—Misadjustment of the focus 
coil or the ion trap. 
Cure—Readjust the focus coil and 

ion trap. Remember that the focus coil 
is an electronic lens. If it is not focused 
properly the electron beam will not be 
swept across the face of the screen in 
the proper manner but will be empha¬ 
sized on some spots and not on others. 
Thus, a shadow or shadows will result. 
It may be necessary not only to move 
the focus coil back and forth but also 
to tilt it up and down or sideways. 
The ion trap is a likely offender. 

Insufficient Brightness 
Causes—Ion trap not set properly, 

picture tube defective, defective 
brightness control, wrong voltages 
supplied from power supplies. 

Cures—First rotate the brightness 
control with the contrast turned down 
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low. If there is no apparent change 
in brightness the indication is that the 
brightness control is defective and 
should be replaced. 

Readjust the ion trap. This may be 
necessary particularly after a set has 
been jarred or moved. 

Replace the high-voltage rectifier 
tube—1X2, 2X2, 1B3 or 2V2. Replace 
the horizontal-amplifier or output 
tube — 6BG6, 6BQ6, 6CD6. Replace 
the horizontal-oscillator tube — 6SN7, 
6SL7, 6AL5, 12AU7, 12SN7, etc. 
These tubes are all part of the high-
voltage supply. Obviously, a picture 
not bright enough can mean that in¬ 
sufficient high voltage is being provid¬ 
ed, and a weak tube in the high-volt¬ 
age power supply can bring about 
that result. Replacement of the hor¬ 
izontal-oscillator tube often means a 
readjustment of the horizontal-oscilla¬ 
tor transformer will be necessary. 

If the rectifier tube—5U4, 5V4, 5Y3, 
25Z6, etc.—is weak, it is possible to 
have good sound and still not have a 
bright picture as this tube supplies 
voltages to the horizontal oscillator. 
It likewise should be checked. 
Replacement of the high-voltage, or 

flyback, transformer is sometimes nec¬ 
essary. Because this transformer is gen¬ 
erally in a shielded compartment and 
space is at a premium, it is wise to 
make sure the replacement used is a 
direct one. 

Because of the expense involved, the 
picture tube is usually the last item to 
be checked. Unless the picture has 
been growing dimmer gradually, there 
is not too much reason to suspect the 
picture tube itself as being the seat of 
trouble. The only satisfactory check to 
be made for a defective picture tube is 
direct substitution, and a picture tube 
is a rather expensive item to keep on 

hand or to purchase should the kine¬ 
scope be suspected. Having picture 
tubes on hand for substitution checks 
is an advantage the professional serv¬ 
iceman has over the amateur. 

Weak Picture, Poor Contrast 
Causes — Antenna system partially 

shorted or connections broken, weak 
r.f. tube, defective video i.f. or video¬ 
amplifier tubes, defective video-detec¬ 
tor tube, misalignment of the i.f. or 
video-amplifier circuits, poor signal 
from station. 
Cures— Make certain the trouble ap¬ 

plies to all stations by tuning each one 
in. If all but one are good, the infer¬ 
ence is that the poor station has had its 
signal affected temporarily. 

Replace the r.f. tube—6J6, 6AK5, 
6AG5, 6BC5, 6BC6. 

Replace video i.f. tubes —6AU6, 
6BA6, 6CB6. 
Replace video-amplifier tubes—6SJ7, 

12AU7, 6AG5, 6V6, 6SN7. 
Replace video-detector tube—6AL5, 

12AU7, 6SN7, 12SN7. 
Check the antenna system from the 

antenna down to the connections at 
the receiver. Often, antennas which 
are mounted on chimneys gather a tre¬ 
mendous amount of soot and oil waste 
which is very detrimental to efficiency. 
This should be cleaned off. 

If none of the above cures is effec¬ 
tive, the most likely reason for a weak 
signal or picture is a misalignment of 
the circuits carrying the picture signal. 
Realignment of these circuits is a job 
to be performed only by a qualified 
technician. Also, the weak picture may 
be brought about by changed values 
of components whose locations are 
best determined by the technician 
with testing equipment that will en¬ 
able him to find the weak point. 
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Uneven Shading 
Causes—Most common one is man¬ 

made, that is, a misadjustment of the 
contrast control. A d.c. restorer tube 
or circuit may be defective. 

Cures—Adjust the contrast control 
when a test pattern is available to 
make sure the shading of the concen¬ 
tric rings is even and regularly grad¬ 
uated. 

If contrast-control adjustments are 
ineffective, replace the d.c. restorer 
tube—6AL5, 12AU7—or check the last 
video-amplifier tube. 

on hand, it is worth while asking the 
dealer to test several and choose those 
which have the highest amplification 
factor for the video i.f. amplifier cir¬ 
cuits. You will probably have to pay 
for this service—and rightly so—but 
it is worth it to fringe-area dwellers. 

If stronger tubes, good antennas and 
proper orientation do not correct a 
snowy picture and receivers of the 
same make and model in the same lo¬ 
cality do have good pictures, take the 
receiver to a serviceman and have him 
completely realign it and check it thor¬ 
oughly for good solid connections. 

Picture Appears Snowy 
Causes — Receiver location in a 

fringe area where signal is weak, an¬ 
tenna system not sensitive enough or 
not properly connected, weak ampli¬ 
fier tubes, particularly r.f. amplifier 
tube in tuner, poor alignment. 
Cures—Check the antenna system. 

First make sure that all the leads are 
properly connected and that the lead-
in is held in position away from gut¬ 
ters, etc., by stand-off insulators. Check 
the orientation of the antenna to make 
sure it is aimed at the point from 
which the greatest signal strength 
comes. Also, if the receiver is in the 
fringe area, be sure that the antenna 
used is the one which has the maxi¬ 
mum pickup for the frequencies on 
which the desired stations are oper¬ 
ating. An efficient antenna is a must 
in the fringe area, but even one cou¬ 
pled with a booster will not entirely 
rid the picture of snow. 
Check the amplifying tubes. Just as 

there are various degrees of strength 
among healthy people, so will tubes 
of the same types vary in amplifying 
ability although all check good. When 
purchasing a supply of tubes to keep 

Poor Detail, Picture Not 
Clear and Sharp 

Causes— Poor alignment, misadjust¬ 
ed fine-tuning control, occasionally, 
but seldom, defective components. 
Cures— First make sure that the 

cause is not misadjustment of the fine-
tuning control by tuning in a station 
with the test pattern on. If unable to 
adjust the fine-tuning control so that 
the lines in the vertical wedges are 
sharp, clear and not merged until they 
reach the center of the pattern, then 
the assumption is poor alignment. 
This is a job for the serviceman. 

Picture “Blooms” and 
Appears Too Large 

Causes—Defective high-voltage pow¬ 
er supply, defective picture tube. 
Cures—Check the tubes in the high-

voltage power supply, particularly the 
rectifier— 1B3, 1X2, 2V3. 

Defective small components in the 
high-voltage power supply. To be 
checked with instruments. 

Defective picture tube. Check by 
substitution. 
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Picture Very Dark and Dull 
Brightness Control Operates O.K. 
Causes—Defective high-voltage pow¬ 

er supply, misadj ustment of the ion 
trap, defect in the d.c. restorer circuit, 
defective picture tube. 
Cures—Adjust the ion trap for best 

position. 
Check the tubes in the high-voltage 

power supply. 
Check the d.c. restorer tube, if any. 
Check the picture tube by substitu¬ 

tion. 
The most common causes of this 

trouble are a maladjusted ion trap 
and/or a defective picture tube. As it 
is unlikely that the ion trap will be¬ 
come misadjusted unless the receiver 
is jarred, the picture tube itself must 
be held up as the probable cause. 

White Lines Through Picture 
Causes — Brightness control turned 

too high, d.c. restorer circuit defective, 
1 o w-v o 11 a g e-t o-p i c t u r e-t u b e com po-
nents improper, defective condenser 
in video-amplifier section, defective 
video-amplifier tube, vertical deflec¬ 
tion critically set. 
Cures—This is a difficulty that can 

be brought about by a multitude of 
causes and is most annoying. It can be 
present with a poor picture or a good 
one. Sound is seldom affected. Unless 
the simple cures correct the trouble, it 
is unwise to delve too deeply into the 
receiver as the offending component 
may be obscure and difficult to find. 

Readjust the brightness control. 
Too much brightness will make the re¬ 
trace lines visible. Back it off till the 
lines are blanked out. 
Check the d.c. restorer tube by sub¬ 

stitution. If no tube is used in this 
circuit, then the various components 

must be checked with test instruments. 
Check the setting of the vertical¬ 

hold control. Occasionally, if these 
controls are set just at the point where 
the “rolling action” stops, the retrace 
lines will appear. Rotate the control 
until the picture is firmly locked in 
position. 
Check the video-amplifier tubes by 

substitution. There is a possibility that 
a defective tube in these circuits may 
be causing the trouble. A leaky con¬ 
denser in these circuits can also be the 
cause. 
Check the components in the video¬ 

amplifier section. 
If the picture is weak and the sound 

not too good, replace the low-vol tage 
rectifier tube — 5U4, 5V4, etc. This 
should bring up both the sound and 
picture and erase the lines. If it does 
not, suspect some other component in 
the low-voltage power supply. 
A defective picture tube can cause 

this trouble, but it is most unlikely. If 
the foregoing remedies have failed to 
correct the trouble, the services of a 
professional repairman are called for. 

Negative Picture 
Causes—Defective picture tube, de¬ 

fective video circuits, overloaded pow¬ 
er circuit. 

Cures — Check the picture tube. 
This is often an indication of a defec¬ 
tive picture tube. 
Check the video amplifier and video 

i.f. tubes—6AU6, 6BA6, 6AG5, 6CB6, 
6SJ7, 6SN7. 
Check the video-detector tube — 

6AL5, 12AU7, 6H6, 6SN7. 
Components in any of the video cir¬ 

cuits can be suspected in this trouble. 
Usually, however, the difficulty may 
lie in a phase-shifting network, crystal 
diode or some hard-to-find component. 
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Ghosts on Picture 
Causes — Reflections from external 

surfaces to antenna or mismatched im¬ 
pedances in the transmission-line. 

Cures — See the chapter, “Erecting 
the Antenna.” 

Top or Bottom of Picture Blacked Out 
Causes— Defective low-voltage 

power supply, horizontal-sync circuits 
defective, clipper circuits defective. 
(Usually accompanied by a wavy 
action of the picture.) Defective verti¬ 
cal-sync circuits. 

Cures— Replace tubes in horizontal¬ 
sync circuits—6SX 7, 6AE5, 12AU7, 
12SN7. 
Replace tubes in vertical-sync 

circuits—same as above. 
Check sync-separator tubes— 12AU7, 

12SN7, 6SN7, 6AL5. 
Check tubes in vertical-sync circuits, 

particularly if the picture is blanked 
out in the top half and the flyback-re¬ 
trace lines are visible. In almost all 
cases when part of the picture is 
blacked out the fault lies in either the 
sync or clipper circuits and is specifi¬ 
cally a defective tube. 

Occasionally a defective filter con¬ 
denser which will allow an alternating 
current ripple to pass will have the 
same effect. Therefore, if tubes are not 
to blame, filter condensers that apply 
particularly to the sync and video cir¬ 
cuits should be suspected. 

out, therefore, either this circuit is 
defective or the variations in signal 
strength are too great for the AGC to 
compensate. Causes, therefore, could 
be a defective AGC tube, a defective 
component in the AGC circuit, a loose 
antenna which sways in the wind, air¬ 
planes that interfere with or reflect 
the signal, or a defective video-detec¬ 
tor tube, which often provides the 
AGC voltage. 

Cures—Check the antenna system. 
Make sure that the mast is firm and 
steady. See that guy wires are taut. In¬ 
spect the lead-in to make certain that 
it is not loose and flapping. Check the 
lead-in for frayed spots and good con¬ 
nections at the antenna. 

Substitute the AGC tube, if any— 
6AU6, 6AG5. 
Check the video-detector tube—6H6, 

6AL5, 12AU7. 
Check for loose connections in the 

video circuits, particularly at the an¬ 
tenna input, the r.f. amplifiers and 
the tuner. 
A defective filter condenser in the 

AGC circuit will cause this trouble 
also. 

Picture Fades In and Out 
Causes—Virtually all receivers have 

an automatic gain-control circuit, 
called AGC, whose purpose is to com¬ 
pensate for slight variations in signal 
strength and thus maintain an even 
picture. If the picture fades in and 

Black Bar of Varying Width 
Across Center of Picture 

Cause—This indicates the “60-cycle 
hum” is present in the video circuits, 
rhe usual 60-cycle alternating current 
which supplies power to the receiver 
is rectified and filtered. This keeps a 
varying voltage from being applied to 
the wrong places. Therefore, if it ap¬ 
pears on the picture, some filtering 
component is defective. 

Cures—Check the filter condensers 
in the high and low-voltage power sup¬ 
plies. If the sound is free from hum 
at the same time that the bar appears 
on the screen, the indication is that 
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the low-voltage power supply is func¬ 
tioning properly and the trouble is 
most likely in the high-voltage power 
supply. 
Check the filter condensers and the 

high-voltage condensers in the sweep 
circuits. 

Check the filter condensers in the 
video amplifiers. 

Purple or Brown Spots on Screen 
Cause—Defective picture tube. 
Cure— Replace picture tube. (See 

following chapter.) 

Intermittent Performance 
Of Either Sound or Picture 

Causes— An “intermittent,” in the 
professional repairman’s vocabulary, 
is a defect which occurs only occasion¬ 
ally—sometimes lasting for a few sec¬ 
onds—and is caused by loose elements 
in a tube, loose wires, defects in con¬ 
densers, resistors or coils and the like. 
This trouble is often very difficult to 
find. 
Cures—To locate a suspected inter¬ 

mittent tube, tap each one lightly with 
the finger or a rubber mallet. The 
finger tap, of course, must not be giv¬ 
en to any of the high-voltage tubes. 
Nor is it necessary to hit a tube with 
a rubber mallet—a pencil end will do 
just as well. 
Tap other suspected components 

with the end of an insulated screwdriv¬ 
er or some similar light object. Be 
careful not to use conducting metal 
when the set is turned on, as it must 
be when trying to locate an intermit¬ 
tent. Also, be careful not to place a 
screwdriver shaft or any conducting 
material across leads in such a manner 
that they are shorted together. Do not 
ground any lead to the chassis unless 
you know what you are doing. 

Carefully inspect solder connec¬ 
tions. Occasionally a joint is not sol¬ 
dered at all in the manufacturing proc¬ 
ess. “Rosin” joints are suspect. These 
are connections where the soldering 
job has been done improperly so that 
only a coating of rosin is present in¬ 
stead of a firm joint of solder. These 
can be determined by turning off the 
receiver, grasping leads firmly with a 
pair of long-nosed pliers and gently 
wiggling them. Care must be exer¬ 
cised so as not to break the lead or the 
lug to which it is connected. 
Another cause of intermittent op¬ 

eration—the defective condenser, re¬ 
sistor, etc.—is more difficult to cure. 
To find a component that acts proper¬ 
ly some of the time and improperly 
the rest of the time is extremely diffi¬ 
cult. Trouble of this sort is the type 
that makes it necessary for your serv¬ 
iceman to keep your receiver for a 
long period of time. He cannot cure a 
trouble that doesn’t show up long 
enough for him to find it any more 
than you can. It should be realized 
that the intermittent trouble is one 
which may be extremely simple to find 
or extremely difficult. If vibrations of 
any sort, such as those brought about 
by walking across a room, will cause 
the receiver to act intermittently, it 
is likely that something in the receiv¬ 
er is loose or a tube has a defect. This 
type of trouble can usually be located 
readily. If, however, the trouble is one 
which comes and goes as the set is or 
isn’t warmed up, or appears and disap¬ 
pears for no reason at all, the trouble 
is more obscure and may require treat¬ 
ment in a service shop. 

Receiver Noisy When Jarred 
Or Subjected to Vibration 

Causes— Microphonie or noisy tube 
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in the sound system. Loose connection 
in cable from chassis and sound out¬ 
put to speaker. Defective tube socket 
in sound circuits. Worn volume-con¬ 
trol contacts. 

Cures — Tap tubes to determine 
which is the offender. It will almost 
always be one of the sound amplifier 
tubes. 

If tapping the tubes definitely lo¬ 
cates the trouble in one spot but re¬ 
placement of the tube by a known 
good one does not cure the difficulty, 
the socket or the connections of the 
leads to it should be suspected. To 
check this it will be necessary to re¬ 
move the receiver from the cabinet 
and inspect the socket at the under¬ 
side. Using an ohmmeter to check 
from the lugs at the bottom of the 
socket to the points at the top through 
which the tube pins are inserted will 
show up a broken socket lug. 
Check the cable connecting the 

speaker to the receiver. The connec¬ 
tors may have worked loose. Occasion¬ 
ally leads are stripped too far or are 
frayed in such a manner that they rub 
against the chassis or another lead. 
Tape the frayed spot or move it away 
from the point of contact. Rotate and 
tap the volume control to locate noise 
at that point. 

manner by ordering the direct re¬ 
placement part. In making the replace¬ 
ment, the receiver must be removed 
from the cabinet. Unscrew the nut 
which holds the control in place, label 
the wires or draw a picture showing 
which color lead goes to the various 
solder points, disconnect the old vol¬ 
ume control and install the new one. 
This is a simple job, easily performed. 
The control will cost from $1.25 to 
$1.75, approximately, whereas paying 
a serviceman to do the work will cost 
from $5.00 to $10.00. 

Noisy Volume Control 
Causes—Dirt or worn spots. 
Cures—Wash the control by pour¬ 

ing carbon tetrachloride on it from an 
oil can or with a medicine dropper as 
it is being rotated. This will wash most 
of the dirt out. 

If washing the control still does not 
correct the trouble, and particularly 
if the sound is distorted or dead at one 
setting of the control, it should be 
replaced. This is done in the usual 

Interference 
Causes—Diathermy, automobile ig¬ 

nitions, electrical equipment, other 
television receivers, amateur radio op¬ 
erators, internal — such as misaligned 
sound traps. 

Cures— Interference cures can best 
be discussed generally. Interference 
shows up in various forms—noise in 
the sound system, horizontal bars from 
FM interference, loss of vertical syn¬ 
chronization, a curlycued band across 
the screen caused by diathermy, flashes 
of light from ignition, flutter by air¬ 
planes, moving black dots across the 
screen, herringbone lines from other 
television receivers and the like. In¬ 
ternally, if the sound traps are not 
properly aligned within the receiver, 
the energy of the sound signal will 
“leak” through to the picture circuits. 
This trouble is easily identified, since 
the interference form will appear in 
synchronization with the sound as it is 
spoken or played. The cure for this 
is a realignment by a serviceman. 

If FM interference is suspected, try 
to tune in the FM station by adjusting 
the fine tuning control. If the FM sta¬ 
tion is heard when the volume control 
is turned up, the simplest cure is to 
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call a serviceman to adjust the FM 
trap on the tuner. This trap is usually 
a combination of condensers and coils 
at the antenna input to the receiver 
and can be located by following the 
antenna lead to the point where it 
connects with the receiver. Some serv¬ 
ice bulletins definitely locate the trap 
and make it easy to find. The interfer¬ 
ence is eliminated by adjusting the 
screw shaft on the coil until the FM 
sound and interference disappear. 
This is an adjustment that must be 
carefully made while watching the 
picture to make sure that its tuning 
is not disturbed. It will not be possible 
to locate an FM trap on many tuners; 
in that case call the serviceman. 

Interference from other television 
receivers is best cured by relocating 
and reorienting the antenna. It is 
caused by radiated signals from the os¬ 
cillator of a nearby receiver, by rera¬ 
diated signals from a neighboring an¬ 
tenna, radiation from nearby objects 
and the like. The best cure is to make 
sure the antenna installed is equipped 
with a reflector and director to sharp¬ 
en the directivity of its “aim” and to 
locate it as high as possible. 

Interference from ignitions is best 
cured by locating the antenna as far 
away from the street as possible and 
not running the lead-in in such a way 
that it will pick up the noise. Should 
this not be sufficient to cure the trou¬ 
ble, use a shielded lead-in for the an¬ 
tenna. Shielded lead-in consists of the 
conventional two conductors enclosed 
in a metal shield. The shield is con¬ 
nected to the chassis of the receiver 
while the two conductors are connect¬ 
ed in the usual way to the antenna 
terminals. The shield is best connected 
to the chassis through a .01-mfd. con¬ 
denser and can also be connected to a 

good ground. The final effort to be 
made in reducing ignition interfer¬ 
ence is to install a filter specifically 
made for the purpose. If the interfer¬ 
ence is caused by electrical equipment, 
the first step is to clean the unit to 
minimize arcing. If there is no con¬ 
denser connected across the brushes on 
a motor, one should be installed. This 
again is a .01-mfd. condenser. Install¬ 
ing a filter in the power-line input to 
the television receiver will often cure 
the trouble. These are obtained at ra¬ 
dio-supply houses, where they are 
known as “power-line filters.” 

Filtering of the power line and re¬ 
orienting or relocating the antenna are 
the only possible cures for correcting 
diathermy interference. If neither 
remedy does the job, the only hope is 
to be patient and await the day when 
the offending physician finds it neces¬ 
sary to discard his old diathermy ma¬ 
chine and purchase a new one which 
is properly isolated and shielded to 
prevent radiation and power noise. 

Interference from a radio-amateur’s 
station may be very hard to cure and 
at the same time can be one of the 
easiest. It may entail shielding part of 
the television receiver and it may en¬ 
tail shielding the whole cabinet. The 
easy part of the cure lies in the fact 
that radio amateurs as a group are 
well-informed on the subject of radio 
and interference and are generally 
more concerned by the fact that they 
may be interfering with your TV pic¬ 
ture than you are. These amateurs do 
fine work, perform national services 
and are to be encouraged rather than 
castigated. If amateur interference is 
noticed, therefore, locate an amateur 
in your neighborhood, call him up and 
tell him your troubles. In practically 
all cases he will help you locate the of-
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fending transmitter and see that steps 
are taken to correct the trouble. If the 
offender is not a radio amateur but 
one of the many government and com¬ 
mercial transmitters, the “ham” will 
help to identify the frequency of the 
signal and advise you on the type of 
filter to install. Treat him well; he can 
be a good friend to you in your TV 
problems. 

Offending electrical devices in the 
home can be easily located by noting 
whether the refrigerator, sewing ma¬ 
chine, furnace, or the like causes in¬ 
terference when it goes on. Correct it 
by making sure each motor has been 
properly cleaned and that the contacts 
at the brushes are not arcing. Any mo¬ 
tor-repair shop will do the job quickly 
and cheaply. This has a double advan¬ 
tage as the majority of home electric 
motors receive too little attention as it 
is and therefore get dirty and ineffi¬ 
cient. 

Arcing in the Receiver 
(Identified By an Audible 

Crackling or Buzz) 
Causes—Short in a high-voltage lead, 

loose connection, improper shielding 
of high-voltage points. 

Cures—Watch the high-voltage sec¬ 
tion of the receiver while it is in op¬ 
eration. If the room is dark, careful 
inspection—without touching the re¬ 
ceiver—should reveal a visible spot 
which will locate the source of arcing. 
Turn off the receiver and discharge 
the condensers in the usual way by 
shorting out the danger points to the 
chassis. If the arcing has been caused 
by a high-voltage lead running too 
close to the metal chassis or shield 
cage of the high-voltage supply, move 
it far enough away to prevent the arc¬ 
ing. If the spark seems to be jumping 

from the cap of one of the tubes to 
another lead or surface, or if it is lo¬ 
cated at any solder point or contact 
point, two courses are indicated. The 
first step is to brush off all dust on the 
offending source. Then purchase a jar 
of anticorona fluid at a radio-supply 
house and coat the surfaces of the 
joints or tube caps thoroughly and 
completely with it. 

If the high-voltage lead to the pic¬ 
ture tube seems to be the offending 
item, tvrap it with a good polyethylene 
tape and coat it with anticorona fluid. 
Ordinary friction tape is not an insu¬ 
lator worth mentioning for the radio¬ 
frequency, high-voltage arcing of this 
sort. 

Arcing occasionally will occur at the 
point where the high-voltage lead 
snaps onto the picture tube. Inspect 
this to make sure that it is properly 
seated and that no dust is present 
which might provide a path for the 
current to travel over. 
Above all, in searching for high-

voltage arcing, be extremely careful 
not to touch the receiver or push your 
nose in too far. The high voltage can 
jump a considerable distance and a 
nose or finger is as good a place to 
jump to as any. 

Service Charges 
It may be interesting to note some 

typical service charges as made by var¬ 
ious reputable service companies or as 
suggested by service organizations. 
These charges are average, and only 
by coincidence will they be the same 
as those made by any one company. 

One-Year Parts Warranty On Used Sets 
7 to 10-in. screen $15 
12 to 14-in. screen 20 
15 to 17-in. screen 25 
19 to 20-in. screen 30 
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Average parts-warranty prices on 
new sets if issued by service companies 
will run $4 to $7 less than the prices 
quoted above. Further variation is 
found in new units where the manu¬ 
facturer himself guarantees picture 
tubes and other parts for one year. 

One-Year Service and Parts Warranty 
10-in. screen $30 
12 to 14-in. screen 37.50 
16 to 17-in. screen 45 
19 to 20-in. screen 60 

In the case of used sets, the prices 
are correspondingly higher by an av¬ 
erage of $30. In some cases, the full 
price is charged and the receiver own¬ 
er is given a number of service certifi¬ 
cates. If he fails to use all during the 
course of a year he may redeem the un¬ 
used certificates at a certain amount 
each. The purpose of this—besides be¬ 
ing an attractive deal for those who 
feel they may not need much service— 
is to discourage those policy holders 
who call the poor serviceman at the 
flicker of a screen. 

Typical suggested prices have been 
made for various types of service. 
Some of these are: 
TV service in the home (or 

pickup and delivery) not 
more than 15 minutes time 
involved $6 

TV bench labor (home or 
shop) per hour $7.50 

The above are general prices on an 
hourly basis or call basis. In the case 
of certain standard difficulties, other 

charges involving labor only have been 
suggested to replace the charge of 
$7.50 for bench labor. Examples: 

Antenna repair, per hour $10 
Filter-condenser replacement 5 
Control replacement 4 
Focus-coil replacement 6.50 
Flyback-transformer replace¬ 
ment 7.50 

Speaker replacement 4.50 
Switch replacement (not tuner) 5 
Coil replacement 5.50 
Tube replacement 3 

These prices are exclusive of the 
cost of the parts themselves. Suppose, 
for example, that the flyback trans¬ 
former must be replaced and the re¬ 
ceiver needs realignment. The charges 
could be: 

Service call (pickup and 
delivery) $ 6.00 

Flyback replacement labor 7.50 
Flyback replacement parts 11.85 
Realignment 7.00 

Total $32.35 

The prices may seem high, but it 
must be borne in mind that a good 
serviceman is a skilled technician who 
commands a good rate of pay; that his 
time must be paid for when he travels 
as well as for actual time spent on a 
receiver, and that the service company 
must have a tremendous capital in¬ 
vested in parts and test equipment. 
Viewed in that manner, the charges 
are high only when the work is per¬ 
formed by an incompetent individual. 



Chapter Seven 

REPLACING A PICTURE TUBE 

__HE REPLACEMENT of a pic¬ 
ture tube is a comparatively simple op¬ 
eration. There are no connections 
which must be unsoldered and re¬ 
made. The widespread use of the rec¬ 
tangular tube has made it easy to 
mount. Careful attention to safety 
factors and care in making sure the 
new tube is installed in the same po¬ 
sition as the old one are necessary. 
With the exception of the early 7-inch 
receivers, it is almost always necessary 
to remove the entire receiver from the 
cabinet in order to replace the picture 
tube. Some few models have remova¬ 
ble front panels so that the replace¬ 
ment can be made by merely remov¬ 
ing the panel and the back cover. Still 
others have the picture tube mounted 
on a separate framework which can 
be removed, tube and all, by discon¬ 
necting the various cable leads to the 
focus coil, deflection yoke, the high-
voltage lead and the tube socket. 
Whatever method is used, the proce¬ 
dure is the same. 

Taking Out the Old Tube 
When access to the picture tube is 

gained, disconnect the high-voltage 
lead to the second anode and discharge 
it to the chassis of the receiver in the 
manner shown in the illustration. Sec¬ 
ondly, discharge the coating on the 
tube itself. This removes any latent 
energy that can give you a shock which, 
if not harmful in itself, may cause the 
tube to be dropped with disastrous re¬ 

sults from flying glass. Make a note of 
the position of the connection to the 
second anode on the tube in order that 
the replacement may be installed in 
the same position. 

Next, pull off the socket at the base 
of the tube. There is a “key” on the 
socket which matches the one on the 
tube so that it cannot be put back on 
incorrectly. Note the position of the 
tube socket to aid in positioning the 
new tube. Next observe the position of 
the ion-trap magnet before removing 
it from the neck of the tube. Some ion 
traps are clamped around the neck of 
the tube with screw clamps, while oth¬ 
ers are held in place by means of 
spring clips. Whatever the method, 
they are all slid off the tube by pulling 
them over the tube base. 
The picture tube itself can now be 

removed, since the focus coil and de¬ 
flection yoke are held in position by 
their own mountings. The picture 
tube is held in place by mounting 
straps which encircle it at its strongest 
noint—just in back of the face—and 
which are fastened in varying ways by 
different manufacturers. Loosen the 
mounting straps and grasp the picture 
tube firmly at the front end. Never 
grasp this tube by the neck, which is 
very fragile and apt to snap off. Pull it 
forward and through the focus coil 
and deflection yoke. 

Put the old tube carefully aside 
where it cannot be knocked or 
bumped in such a way as to break it. 
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Popular Mechanics 

Leave the picture tube in its box 
until you are ready to install it 

The very high vacuum inside the tube 
will cause a tremendous implosive ac¬ 
tion if the tube is broken, and if this 
occurs shattered glass can do material 
damage to anyone in the vicinity. For 
this reason you are advised to wear 
leather gloves and safety goggles when 
handling the picture tube. The gloves 
have another advantage when han¬ 
dling the new replacement: perspira¬ 
tion from the hands can cause internal 
arcing in the tube if allowed to damp¬ 
en the coating on the outside of the 
tube “bell.” 

- Putting in the New Tube 
You are now ready to install the 

new tube, which should be kept in its 
carton until needed. This is an advis¬ 
able precaution not only to prevent its 

4 being accidentally broken but also to 
prevent the face from being scratched 
and thus marring the picture. 
Remove the new tube from the car¬ 

ton, handling it by the front end. Slip 

the neck of the tube from front to back 
through the deflection yoke and the 
focus coil. Do not force the tube 
through if it tends to bind. This may 
be caused by the fact that the focus 
coil has been tilted or twisted to ob¬ 
tain good focus on the old tube. In¬ 
stead, loosen the focus coil and posi¬ 
tion it so the tube base slips through 
easily. The deflection yoke generally 
fits snugly, but not so tight that it 
binds. Push the tube well back against 
the yoke so that the metal clips that 
protrude from the yoke are making 
good contact with the bell of the tube. 

If the new tube is a round one, 
make sure at this time that it is posi¬ 
tioned the same as the old one by ob¬ 
serving the markings you have made 
with respect to the second-anode con¬ 
nection. If it is rectangular, there is 
only one way to install it—with the sec¬ 
ond-anode connection on the same 
side of the chassis as that on the old 
tube. Put the holding straps in place 
and tighten them. 
Some receivers have a ring of foam 

rubber around the tube at the front 
end. It is there to keep dust from gath¬ 
ering on the face of the tube and on 
the inside of the safety glass. If this 
rubber is held in place by the mount¬ 
ing straps, it should be placed around 
the tube and tightened after the tube 
is positioned. In some cases the rubber 
is held in place by glue. Procure a tube 
of rubber cement at a hardware or 
dime store to fasten it on the old 
tube. Other glue is perfectly all right, 
but the rubber cement will hold it 
firmly as soon as it is applied, whereas 
airplane glue and other adhesives take 
some time to set and must be held for 
awhile. 
With the tube mounted, slip on the 

ion trap. If the trap has an arrow 
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marking on it, the arrow points toward 
the face of the tube when properly in¬ 
stalled. If it has two magnets, one large 
and one small, the smaller magnet 
should be closest to the screen. Hav¬ 
ing installed the magnet, connect the 
socket to the base of the tube. This is 
a keyed device which will go on only 
in one way. Now connect the high-
voltage lead to the second anode. 
While the tube is out of the cabinet 

the opportunity should be seized to 
clean off the inside of the safety-glass 
window. Also, make sure the face of 
the tube is clean and free from dust, 
fingerprints and the like before install¬ 
ing the receiver in the cabinet. A big 
thumbprint in the center of the screen 
is not nearly as pretty a view as some 
that are seen on television. 
Having completed these steps, in¬ 

stall the receiver in the cabinet and 
turn on the power. It is entirely possi¬ 
ble that no light will appear on the 
face of the tube. This indicates misad¬ 
justment of the ion trap. 

Adjustments 
In positioning the ion trap, bear in 

mind that there are three types of pic¬ 
ture tubes on the market. Tube one 
has no internal markings to show 
where the ion trap should be placed. 
In such cases, the ion trap should be 
moved back and forth along the neck 
of the tube while rotating it around 
the neck in all directions until the 
light appears. Continue to position the 
trap until the four corners of the raster 
appear. Then carefully move it back 
and forth until all segments of the pic¬ 
ture are clear and well focused. 
Tube two has two small metal 

flanges welded on the electron gun in 
the neck of the tube and visible 
through the glass. The ion trap should 
be placed over these flanges to start 

Rauland 

The ion trap is adjusted quite easily 

with and then carefully moved into 
the best position. 
Tube three is a development of the 

Rauland Corporation which makes the 
adjustment of the ion trap quite a sim¬ 
ple matter. As the illustration shows, a 
portion of the internal structure has a 
glow when the ion trap is in an incor¬ 
rect position. This operates in the fol¬ 
lowing manner: the aperture of the 
first anode is coated with a fluorescent 
material. When the ion trap is misad¬ 
justed, the electron beam is incorrect¬ 
ly aligned and some of the electrons 
strike the fluorescent substance, caus¬ 
ing a glow. If the trap is correctly ad¬ 
justed, the beam does not strike the 
anode and there is no glow. Thus, in 
this type of tube, simply adjust the ion 
trap until the glow completely disap¬ 
pears or is at an absolute minimum. 
The advantage of this system is that 
with the other two tube types it is 
necessary to watch the results of mov¬ 
ing the ion trap by observing the pic¬ 
ture as it is reflected in a mirror while 
one is working at the rear. 
With the tube lighted and the ion 

trap adjusted for even focus, the next 
step is to check the picture for center¬ 
ing and tilt. If the picture is tilted, ro¬ 
tate the deflection yoke until the sides 
of the picture are parallel with the 
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sides of the window and the top and 
bottom of the picture are parallel with 
the top and bottom of the window. 
Next, put the vertical and horizontal¬ 
centering controls at the center of 
their positions. If the picture is not 
properly centered, adjust the deflec¬ 
tion yoke by twisting it slightly until 
the picture is centered. The object of 
putting the two centering controls in 
the center of their positions is to allow 
leeway on each side should the center¬ 
ing of the picture need adjustment 
again. With the picture tube properly 
adjusted for tilt and centering, tighten 
the deflection yoke in position. 
The final step is adjustment of the 

focus by means of the focus coil. Again 
center the control involved—this time 
the focus control—and adjust the focus 
coil for perfect focus on all parts of the 
picture. Some focus coils are adjusted 
by a shaft which protrudes through 
the back cover. Other receivers vary 
the position of the focus coil by means 
of set screws. Remember that the fo¬ 
cus coil affects the electron beam, and 
can be so misadjusted that there are 
shadows which blot out the picture on 
various corners. With the neck com¬ 
ponents properly adjusted, wait for a 
period when a test pattern is availa¬ 
ble and check the linearity, width and 
height of the picture. The procedure 
for these adjustments is outlined in 
the service section and is generally not 
necessary when a new tube has been 
installed. 

Tube Variations 
Thus far we have dealt with the 

common glass electromagnetic tube. 
One other—the metal picture tube-
should be considered. Because of the 
high voltage present on the metal en¬ 
velope of such tubes, the envelopes 
themselves are covered with a plastic 

insulating jacket. When a new tube is 
installed, be sure to replace this jacket 
and be doubly sure not to touch the 
metal when the receiver is turned on. 
There are two other variations. The 

first is that which uses electrostatic fo¬ 
cusing only, and which is becoming 
more and more prominent. In this 
type tube there is no focus coil, only 
a focus control. In replacing such a 
tube, simply follow the above proce¬ 
dure and skip any mention made of 
the focus coil. The second type is the 
straight electrostatic-type tube, used 
only with the old 7-inch screen. This 
tube has no second-anode connection, 
no deflection coil or focus coil and no 
ion trap. Replacement is decidedly 
simple in such cases, as the tube is 
plugged in and out like any ordinary 
vacuum tube. 

Finally, disposal of the old tube 
should be discussed. Put it in the car¬ 
ton from which the new one was re¬ 
moved. Seal the carton thoroughly, re¬ 
inforce it with other cardboard and 
cover the whole with an old blanket if 
available. Then ram a crowbar or 
similar piece of metal into the end of 
the box and break off the neck of the 
tube. The protective covering will pre¬ 
vent the glass from flying about and 
the tube will be reduced to the same 
danger point as an ordinary glass jar. 
Put it all out with the other refuse 
for the scavenger to haul away. If in¬ 
terested, you can remove the neck of 
the tube and study it and the con¬ 
nected electron gun. 

Filters and Lenses 
In order to prevent light reflections 

from the face of the picture tube, 
many TV owners make use of filters. 
There are a number of these on the 
market. They can be broken down 
into two classes. The first group is 
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composed of those which are made of 
tinted glass or plastic. These filters re-
dûce the amount of glare in the same 
way sunglasses reduce the glare from 
sunlight. The amount of light passed 
through the filter is also reduced, of 
course. Many owners find the use of 
tinted filters pleasing because of the 
hue given the picture. 
The second group of filters is that 

composed of the “Polaroid” type. In 
effect, the Polaroid filter “blocks” re¬ 
flected light. It is so called because re¬ 
flected light is polarized in one direc¬ 
tion only and the Polaroid principle 
makes use of this characteristic. Light 
will pass through it only in the proper 
direction. For comparison, one can re¬ 
fer to the use of Polaroid glass in wind¬ 
shields and sunglasses. 
The use of filters, regardless of the 

type, is purely a matter of personal 
like or dislike. There are those who 
wouldn’t have a filter. Other viewers 
feel they cannot dispense with theirs. 
The best course to follow is to attempt 
to place the receiver at a point where 
there are no reflections—usually not 
altogether possible. There is no ques¬ 
tion but what filters do perform an im¬ 
portant function in many cases. 
The enlargement of direct-view pic¬ 

tures by means of an external lens is 
an attempt to satisfy the desire for larg¬ 
er pictures than those given by the 
direct-view tube. Seven and 1 O-inch 
picture tubes made up the bulk of 
early production. Later the develop¬ 
ment and decreased cost of larger pic¬ 
ture tubes tended to satisfy size re¬ 
quirements, with the result that the 
demand for enlarging lenses has de¬ 
creased considerably. 
The “Plano-convex” lens is the 

type commonly used for enlarging tel¬ 
evision pictures. This type is curved 

out on the outer, or viewing, side and 
is plane, or flat, on the picture-tube 
side. This type is used rather than a 
lens which is curved on both sides to 
prevent distortion which would result 
because the face of the double-type 
lens varies in distance from the face 
of the picture tube. The lenses are 
usually constructed of a clear plastic 
material. This is formed into a shell 
which is filled with an oil that has the 
same light-bending qualities as the 
plastic. The oil types are claimed to 
have superior qualities as compared to 
the lenses which are made of solid ma¬ 
terial. Furthermore, the oil can be giv¬ 
en a slight tint, which enables the lens 
to have a filtering character. 
A number of types of lenses are 

manufactured. Unfortunately, all lens 
magnification has certain disadvan¬ 
tages. If the viewing angle to either 
side is more than 30 to 40 degrees, the 
distortion becomes marked. This can 
be compared to the normal 45-degree 
limit for good direct viewing. The 
closer the lens is placed to the pic¬ 
ture tube, the less the amount of dis¬ 
tortion. This defeats the purpose of a 
lens, however, as the magnification be¬ 
comes less as the lens is placed closer 
to the source of light, in this case the 
picture tube. 
The use of a lens is in the same cate¬ 

gory as the use of a filter: some viewers 
like them and some do not. It does 
seem that their use—at least in their 
present form—will decrease with the 
lowered cost of the large picture tubes. 
The one advantage of the lens has 
been the ability to produce large-size 
pictures with a minimum of cost. 
Whether or not either a lens or a filter 
should be used will depend entirely 
on the individual who is viewing the 
receiver’s picture. 
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PICTURE-TUBE CONVERSION 

J_IME WAS when the conversion 
of small-picture-tube receivers to larg¬ 
er picture tubes was a rather booming 
enterprise. Of late, however, the call 
for conversions has decreased for sev¬ 
eral reasons. The sale of 10 and 12-
inch receivers, which were the sizes 
usually converted, fell off considerably 
with the lowered price of the 16 and 
17-inch receivers. Many manufactur¬ 
ers no longer produce anything small¬ 
er than a 16-inch set. The majority of 
the 10 and 12-inch receivers now in 
use definitely lack the refinements 
which have been made in newer mod¬ 
els. Therefore, an owner who contem¬ 
plates having his 10-inch receiver con¬ 
verted to a 16-inch must take into ac¬ 
count the fact that he will pay a size¬ 
able price for conversion to a larger 
picture, his old receiver itself will be 
lacking in desirable, newly developed 
circuits and that the components in 
the receiver have undergone a certain 
amount of strain and wear. 
The trend, therefore, has been to be 

satisfied with the existing receiver as 
it is or to keep it as a second set and 
purchase a new large-screen receiver. 
The majority of picture-tube conver¬ 
sions are being performed on receiv¬ 
ers whose picture tubes have gone bad 
and have to be replaced anyway, and 
by home tinkerers. 
To give exact data on how to con¬ 

vert a television receiver to one with 
a larger picture tube would be imprac¬ 
tical from a number of standpoints. 

Different makes and models require 
different parts and techniques. Space 
limitations prevent any possibility of 
showing how to do it for any number 
of receivers. Conversion instructions 
are given with the conversion kits put 
out by manufacturers. In this book, 
therefore, we will give only an idea of 
what is involved in conversion and the 
basic steps which must be followed. 
With this discussion and the instruc¬ 
tions available from parts manufactur¬ 
ers, anyone with a knowledge of elec¬ 
tronics can convert his own receiver 
to a larger picture tube. 
The first step is to determine wheth¬ 

er or not the cabinet is large enough 
to accommodate a bigger picture tube. 
It would be rather foolish to buy the 
components involved only to find the 
tube will not fit in the old cabinet. 
Next, the electrical circuits must be 
taken into consideration. The old 7-
inch receiver with the electrostatic¬ 
type tube cannot economically be con¬ 
verted to a larger size and should not 
be considered. Neither should receiv¬ 
ers be converted which have series-
wired filaments or whose power sup¬ 
plies are being worked at maximum 
capacity, since more power is needed 
to drive the larger tube circuits. The 
last two factors can be determined by 
studying the manufacturer’s service 
bulletin for the particular model. 
Having determined that the receiv¬ 

er is suitable for conversion, the next 
step is to procure the necessary parts. 
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It is to be remembered that the round 
picture tubes normally operate with a 
horizontal sweep that traverses 50 de¬ 
grees and a rectangular sweep that re¬ 
quires an angle of 70 degrees. With 
very few exceptions, the conversion of 
a small to a large picture tube involves 
the replacement of a round tube with 
the newer, more practical rectangular 
tube. Therefore, the device that con¬ 
trols the sweep must be replaced. This, 
it will be remembered, is the deflection 
yoke. 

Secondly, a higher second-anode 
voltage is required for the larger tube. 
This will usually necessitate the re¬ 
placement of the horizontal, or fly¬ 
back, transformer. The width is in¬ 
volved, so the width control might 
have to be replaced. Lastly, the filter 
capacitor in the high-voltage unit is 
usually only good for 10 kv., so that 
it must be replaced with one of a high¬ 
er rating. 

Parts and Fittings 
Summarizing the electrical parts, 

they are: 

1 Picture tube 
1 70-degree deflection yoke 
1 Horizontal (high-voltage) trans¬ 

former 
1 Width control 
1 15 or 20 kv. high-voltage capacitor 

With the exception of the picture 
tube, these items are available in kit 
form at supply houses. Typical is the 
kit sold by the Merit Transformer 
Corporation. Theirs is a good, widely 
used kit, complete with instructions 
on how to make the electrical connec¬ 
tions. Occasionally, a supply house 
will sell a package deal, the conversion 
kit complete with picture tube. In 
such cases, be certain that the picture 
tube bears the normal guarantee, par¬ 

ticularly when the price appears to be 
absurdly small. 
With all the parts on hand, the first 

step is to remove the receiver from the 
cabinet. Note the position of the pic¬ 
ture tube on the chassis. This will help 
position the new picture tube. The di¬ 
ameter of the larger tube and the 
height of the neck above the chassis or 
mounting base will be greater than 
with the old tube. It may be necessary 
to make a cradle to hold the new tube 
in position. This is easily done by us¬ 
ing a block of wood, carved to fit the 
front end of the tube envelope, and 
then strapping the tube into position 
in the same manner as the old one. 
Some picture tubes are held in place 
with steel strapping. It will probably 
be necessary to replace this with a 
longer strap. A strip of rubber or felt 
should be placed between the tube 
and its cradle block just as in the case 
of the old tube. 

In putting the tube into position, it 
is wise to leave the deflection yoke and 
focus coil mounted on their fittings. 
These are adjustable as a rule and can 
be moved up and down or forward 
and back sufficiently to cover the new 
tube. Then, once the new tube is 
mounted, its exact position is known 
and the work can proceed without de¬ 
lay. 

Either now or later, the cabinet 
panel can be cut out to fit the new size 
tube. Masks are available to replace 
the old mask and safety glass and cover 
up the rough edges of the enlarged 
aperture. Just to make sure that all is 
going to be well, it is perhaps wise to 
leave this portion of the work until 
the receiver has been modified, reas¬ 
sembled and made to work properly. 
Otherwise, some unforeseen difficulty 
which makes it impossible to convert 
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that receiver may crop up and the pan¬ 
el would have had a hole cut in it 
needlessly. 

Electrical Connections 
The electrical work, comes next. 

First remove the deflection yoke and 
replace it with the new one. The in¬ 
struction sheet which accompanies the 
new yoke or conversion kit will show 
that two or three resistors and capaci¬ 
tors will have to be replaced. These 
are mounted on the yoke and their 
values given by the manufacturers. 
Follow instructions faithfully; label 
the leads which have been removed 
from the old yoke so that there is no 
chance of connecting the vertical-de¬ 
flection leads to the horizontal-deflec¬ 
tion coils and vice versa. The replace¬ 
ment of the yoke is a simple matter. 

Secondly, remove the flyback trans¬ 
former and replace it with the new 
one, being careful to label the leads 
again so as not to get them confused. 
Now remove the old filter condenser 
and replace it with one of higher 
value. In the case of the high-voltage 
transformer, it will usually be found 
that the mounting holes match. In the 
case of the filter condenser, it may be 
necessary to drill a larger hole or re¬ 
move the high-voltage rectifier-tube 
socket. It may be necessary to replace 
the high-voltage lead to the picture 
tube if the snap-on connector is of a 
different type than the one previously 
used. 

It is important to remember in 
working on the high-voltage potver 
supply that solder joints be well and 
carefully made with no sharp points 
left. These will act as starting points 
for arcing. Make certain the high-
voltage lead to the picture tube is well 
away from the chassis. Replace the 
high-voltage shield. 

Adjustments 
The receiver is now ready to be 

turned on and adjusted. The adjust¬ 
ment of the units around the neck of 
the tube and the adjustments made 
with the secondary controls have been 
explained previously. If the width con¬ 
trol fails to act properly, the new one 
which comes with the kit should be in¬ 
stalled. After the adjustments are 
made and it is certain that conversion 
has been successful, the receiver can be 
installed permanently in the cabinet. 
The procedure given will hold true 

for the majority of conversions. The 
kit instructions give information that 
helps to make linearity, size and width 
corrections where necessary. There is 
no reason why anyone who has the 
ability to read a schematic diagram 
and can manipulate a soldering iron 
cannot readily convert his own receiv¬ 
er to a larger-size picture tube. It is 
essential, of course, that the receiver be 
operating properly before conversion. 
Otherwise, the defect will be harder to 
locate and may be blamed on the con¬ 
version itself rather than on the of¬ 
fending part or circuit. The author 
has seen several conversions where 
small-tube receivers have been con¬ 
verted to larger sizes and custom-built 
into cupboards, book shelves and the 
like in dens and children’s rooms. 
And, there is a great deal of satisfac¬ 
tion in saying, “I did it myself.” 

Commercial Conversion 
The cost of commercial conversions 

varies with the size of the picture tube 
desired and the amount of cabinet¬ 
work which must be done. The cost of 
a 1 O-inch conversion to 16-inch rec¬ 
tangular will be approximately $75. 
This will vary somewhat with differ¬ 
ent makes and types of cabinets, of 
course. 
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Chapter Nine 

PROJECTION TELEVISION 

__AKING the television image and 
projecting it on a screen by means of 
lenses, mirrors or both is a special 
form of television. Home projection 
receivers have two major characteris¬ 
tics—the projected image is (1) usually 
enlarged and, (2) the image is diffused 
over a surface in such a manner that 
the result is softer. Enlargement is, of 
course, desirable, particularly where it 
can be procured from a small picture 
tube. Whether or not a softer picture 
is desirable is an argument between 
those who favor direct view and those 
who support projection television. 
The direct-view television picture 

is one viewed directly on the face of 
the picture tube. The result, when the 
set is operating at its peak perform¬ 
ance, is a sharp, clear picture showing 
well-defined degrees of black and 
white shadings. This is called “excel¬ 
lent resolution.” In projection televi¬ 
sion, the picture is thrown upon a 
screen which “diffuses” the light and 
spreads the image out with a resultant 
loss of sharpness. For comparison, con¬ 
sider two types of photographs. The 
ordinary snapshot is a hard, glossy 
type of print which shows high con¬ 
trast and sharp definition. A studio 
portrait, on the other hand, is softer 
and better blended. Those who favor 
direct-view television argue that a soft 
picture is fine for “glamorizing” but 
on an overall basis good sharp resolu¬ 
tion is more pleasing. Projection en¬ 
thusiasts argue that softness through¬ 

out offers the greatest degree of 
viewing pleasure. 
At the present time, projection-tele¬ 

vision receivers used in homes form a 
very small percentage of the total 
number of TV sets. The buying pub¬ 
lic is not nearly as receptive to this 
type as it is to the direct-view meth¬ 
od. Cost is one factor; a projection re¬ 
ceiver is relatively expensive. Also, 
projection-type television has a bad 
reputation, not entirely deserved, for 
offering more need for service than 
direct-view TV. Actually, a properly 
designed and adjusted projection re¬ 
ceiver will operate just as well as any 
other type. 

Despite these objections, real and 
otherwise, projection television should 
not be discounted as a meritorious 
method of providing a picture. For 
one thing it is the only practical means 
of giving a really large picture. And, 
to quote a rather prominent engineer, 
the “projection system of the future 
will be so small that it can be carried 
about a house and the picture project¬ 
ed upon the handiest wall or similar 
surface.” This would seem to be quite 
desirable when compared to the neces¬ 
sity of larger picture tubes and receiv¬ 
er cabinets for a truly big direct-view 
picture. Certainly the subject merits 
some close attention. 

In order to fully understand projec¬ 
tion television, an explanation of cer¬ 
tain optical phenomena is in order. 
The functions performed by mirrors 
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ENLARGING LENS 

and lenses are very important, also the 
characteristics of light. Certain basic 
fundamentals should be dwelt upon 
before an explanation of the whole 
idea of projection television is given. 

Basic Theory 
First, it is necessary to recall that 

light becomes weaker as the distance 
from the light source is increased. 
This effect is observed by everyone 
daily in many different ways. In order 
to obtain a certain amount of light at 
a given point, it is necessary to follow 
certain procedures. The easiest meth¬ 
od, for example, to light a dark cor¬ 
ner is to put a light source such as a 
lamp in that corner. The next meth¬ 
od to be used would be to put a larger 
bulb in a nearby lamp so that the cor¬ 
ner is sufficiently lighted. Either of 
these methods can be used to light the 
corner; each involves the light itself. 

If it is impossible to install another 
light source or increase the power, 
some other means must be used. A 
mirror placed behind the original 
light will catch some of the rays going 
to the rear and redirect them in the de¬ 
sired direction. If a lens is used in 
conjunction with the mirror, the rays 
will be caught and “focused” where 
light is desired. To put it another way, 

a certain amount of light is available. 
This light will spread out in all direc¬ 
tions. Much of it can be “caught” 
through the use of mirrors and lenses 
to increase its intensity in any one di¬ 
rection. This is the idea used in pro¬ 
jection television. 
A mirror is a light-reflecting device 

with certain characteristics. A light 
ray hitting the mirror at a certain an¬ 
gle will be reflected by the mirror at 
the same angle. The formula is writ¬ 
ten thus: “The angle of incidence 
equals the angle of reflection.” 

Actually, another factor enters the 
picture when the mirror is “rear-sur¬ 
faced,” as is the case in almost all 
household mirrors. The light ray must 
first pass through a thickness of glass 
before being reflected and then pass 
through the glass again on its way out. 
Two results are apparent: First, the 
glass has a different “resistance” to 
light than the air, so that the ray is 
bent slightly; secondly, the resistance 
offers enough opposition to the pas¬ 
sage of the light ray that it loses a por¬ 
tion of its “force” and is weakened. 
These results do not take place in 
cases where the mirror is “front-sur¬ 
faced” as they are in certain projection 
TV receivers. Reflections from any 
mirror, whether rear or front-surfaced, 
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are reversed, and this must be taken 
into account in projection TV. 
Thus far, we have discussed front 

and rear surfaced “plane mirrors.” A 
second type is used in television; this 
is the spherical, or concave, mirror. 
Your automobile headlight is a good 
example of such a mirror. The reflect¬ 
ing surface in this case is spherical. It 
reflects the light from a surface pre¬ 
senting different angles to the light 
source, which is placed at the inner 
center of the mirror. The result is a 
concentration of the light so that the 
result is brighter and—of importance 
in TV—it is a larger image than that 
given from the original source. The 
bulb and the voltage applied to it are 
both much smaller than the bulbs and 
voltages used in ordinary house light¬ 
ing, yet the results are much brighter 
and, significant in this case, they are 
focused. 

This concentration of the light rays 
is very important for another reason. 
Throw a certain amount of light on 
the surface of an area 10 units large 
and a definite brightness will result. 
With the same source of light and the 
same amount, suppose the area to be 
covered is increased to 20 units. Im¬ 
mediately, the brightness decreases. In 
other words, the light is “spread out 
thinner;” the same amount must cov¬ 
er the larger surface. Therefore, what¬ 
ever light is available should be con¬ 
served for best results. And, the orig¬ 
inal source of light should be made as 
bright as is practical. 

Projection Receivers 
The illustration shows a mock-up of 

a mirror or reflection-type television 
receiver. This is the Schmidt system of 
projection. Notice that the picture 
tube used is quite small. A common 
type of projection tube is the 3NP4. 

HOW MIRROR !.N CABINET 
LID REFLECTS PICTURE 

This tube is only 10 inches long and 
the face is 2*/2 inches—quite unlike the 
large conventional direct-view tube. 
The picture given by the 3NP4 is a 
miniature— 1.4 inches by 1.86 inches. 
Obviously, if this picture is to 
be blown up to a good size, the light 
which composes the image is going to 
be spread very thin. Therefore, the 
original image on the face of the tube 
should be very bright indeed. This is 
accomplished by using a special fluo¬ 
rescent coating that can stand heavy 
electron bombarding and applying a 
very high voltage to the anode in or¬ 
der to force the electrons forward with 
tremendous speed. To the second 
anode, therefore, a voltage of 25,000 
volts is applied. This is developed in a 
special power supply which, of course, 
must be handled with a great deal of 
respect. 

Even with the high degree of bright¬ 
ness developed by this method, there is 
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REFLECTED PROJECTION SYSTEM 

REFRACTED TELEVISION SYSTEM 

a limit to the projection distance. It is 
this which makes the projection of tel¬ 
evision pictures different from the pro¬ 
jection of a movie film. The television 
image develops its own light; the 
movie light comes from an outside 
source and therefore can be much 
brighter. 

Projection Screens 
Projection-television screens take 

several different forms. These can be 
divided into two main types—the trans¬ 
missive and the reflected. The trans¬ 
missive screen is one where the light 
passes through the screen to the ob¬ 
server. The most common transmissive 
screens are those coated with a translu¬ 
cent substance bearing a decided re¬ 
semblance to ordinary ground glass. 
Others are ribbed to provide diffusion. 
The reflective screen does exactly 

what the name implies— it reflects the 
light. To provide the diffusion, differ¬ 
ent systems are used. The most com¬ 
mon is the beaded screen as used in a 
movie-projection system. Some are 
coated with plastic crystals. Others are 
concave and carefully grooved at the 
proper angle to act as lenses. 

Both the transmissive and reflective-
type screens must be handled with 
considerable care lest they become 
scratched or otherwise marred and the 
resulting defects spoil the television 
picture. Unless properly constructed, a 
screen will fail to give equal emphasis 
to the picture throughout its area and 
a poor or distorted picture may result. 

Projection Methods 
The two methods of projecting a 

picture are illustrated. These are the 
“reflective” and the “refractive” pro¬ 
jection systems. In the former, the pic¬ 
ture is focused, enlarged and aimed on 
the screen by means of mirrors; in the 
latter system the same functions are 
performed by lenses. The type of pic¬ 
ture tube and the type of screen used 
can be the same in either the reflective 
or refractive systems. There, however, 
the similarity ceases. The reflective sys¬ 
tem conserves the light from the pic¬ 
ture tube, enlarges it and projects it 
upon the viewing screen by means of 
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mirrors. The enlargement of the im¬ 
age and the conservation of light are 
functions of the spherical mirror. The 
plane mirrors direct the picture along 
the proper route to the screen. Be¬ 
cause the concave spherical mirror has 
a characteristic called “spherical aber¬ 
ration,” or blurring of the image, a cor¬ 
rector lens is used to sharpen the focus 
in the reflective system. 
The refractive system of projection 

is similar to an ordinary movie pro¬ 
jector. The picture is enlarged by a 
lens instead of a spherical mirror. 
Aberration is again present and correct¬ 
ed by an additional lens. To change 
the direction in which the picture is 
aimed, plane mirrors are often used. 
The two systems differ in one major 

respect which determines the type of 
picture tube used. In a system using 
lenses, the light loss is greater than one 
using mirrors for enlarging and pro¬ 
jecting. 

Suppose, for example, a 12 by 1 fl¬ 
inch projected image is desired. This 
is an area of 192 square inches. The 
picture area of a 3NP4 tube is approx¬ 
imately 2.6 square inches. If all the 
light on the face of the tube reaches 
the screen, the illumination on any 
segment of the screen will be 192 di¬ 
vided into 2.6 or 1.3 percent. If part 
of the scene being viewed is a man’s 
head, on the screen it will be 1.3 per¬ 
cent as bright as the head seen directly 
on the face of the tube. It can readily 
be seen, therefore, that the light pro¬ 
vided by the picture tube must be very 
great to overcome a handicap as great 
as this. 

Unfortunately, the problem is not 
only one of providing sufficient light 
to compensate for the decrease in 
brightness. As previously mentioned, 
in using either a lens or a mirror, a 

certain amount of light is lost in the 
process due to resistance and other fac¬ 
tors. A typical lens system, for exam¬ 
ple, has a “transmission coefficient” of 
.06, which would reduce the illumina¬ 
tion received by the screen to about 
Ms the amount which would be re¬ 
ceived with no loss. 1'he reflective-type 
projection is not quite so badly off; the 
transmission coefficient is on the order 
of .25, so that the reduction by loss is 
only 14 the total amount. 

Corrections for insufficient bright¬ 
ness can be made in several ways, all 
of which have certain limits. The effi¬ 
ciency of the lens used, its size or its 
aperture can all be increased. Cost is 
a factor which must be considered 
when this is done. Mirrors can be 
made to provide the greatest possible 
reflection efficiency—up to a point. Fi¬ 
nally, the size of the picture tube can 
be increased so that the amount of 
magnifying the projection system must 
do is not as great. However, there is 
again a limiting factor here—both in 
engineering problems and also because 
the use of too large a tube would de¬ 
feat the purpose of projection TV. 
The most efficient and practical sys¬ 

tem is to increase the light provided 
by the tube itself. Many advances have 
been made in projection kinescopes 
for this purpose. The 5TP4 projection 
kinescope is aluminum-backed to give 
a greater amount of light. Regardless 
of what is done, however, the source 
of all light in this type of projection is 
still the fluorescent screen of the pic¬ 
ture tube, and this will be efficient 
only up to a point which is not entire¬ 
ly satisfactory for really large projec¬ 
tion. Compare this to the projection of 
a scene from a movie film. Here the 
light is furnished by an external source 
and can be made as strong and bright 
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as desired, completely independent of 
the image on the film. 
A great deal of projection-television 

research has been devoted to the prob¬ 
lem of approximating movie film and 
the external source of light. The best 
known and probably the most efficient 
at the time of writing is the Skiatron 
projection system. In the Skiatron 
tube, the electron scanning beam trav¬ 
els across a screen which is electroni¬ 
cally opaque. A light source is placed 
behind the screen. The number of 
electrons which bombard the screen 
control its opacity and therefore the 
amount of light which it passes. In ef¬ 
fect, the result is that of an electron 
beam which is continuously making a 
negative similar to that of an ordinary 
film. Light from such a source as a car¬ 
bon arc passes through this screen and 
is focused on the viewing screen just 
as it is on a movie-projection system. 

Regardless of the fact that projec¬ 
tion television has not been widely ac¬ 
cepted for home use, it is promising 
enough to warrant further research 
and to prevent us from discounting 
projection television for widespread 
home use in the future. The sizes of 
the picture currently given by modern 
projection receivers— 12 by 16 inches, 
15 by 20 inches, 18 by 25 inches, 20 by 
26 inches, to quote a few—answer the 
demand of the buying public for large 
pictures. True, the viewing angle is 
narrower than that of direct-view tele¬ 
vision, but that can be discounted to 
a great degree. 

Home Service 
Servicing the projection receiver is 

one subject which cannot be dealt 
with in a general way. The method of 
focusing — mechanically — varies with 
the different types of sets. The high 

voltages used make it rather danger¬ 
ous to tinker with projection TV un¬ 
less one is definitely aware of the par¬ 
ticular danger points in the receiver 
involved. No work should be done on 
any projection-television receiver with¬ 
out having the manufacturer’s service 
bulletin available and knowing exact¬ 
ly what is involved not only in the cir¬ 
cuit but in the optical system. 
Of course, certain definite troubles 

are common to both projection and di¬ 
rect-view television. In many cases the 
trouble-shooting guide provided in 
the chapter, “TV Troubles and 
Cures,” will be helpful in correcting 
defects in a projection receiver. It is 
well to know that for all practical pur¬ 
poses the projection receiver has the 
same type of tuner and similar ampli¬ 
fication and sweep circuits. The differ¬ 
ences lie in the optical system and the 
high-voltage power supplies. In other 
words, a defective vertical-sweep tube 
will have the same effect on either type 
of receiver, just as would a defective 
audio-output tube. But the means of 
providing the high voltage for the sec¬ 
ond anode of a projection kinescope 
often vary from the common means 
used in direct-view television. For that 
reason alone the service instructions 
for each projection receiver must be 
used. And, of course, the optical sys¬ 
tems themselves vary, so that they 
must likewise be studied individually. 

For the man who likes to tinker, 
projection modification kits to be used 
with an ordinary direct-view chassis 
are available. A great deal of satisfac¬ 
tion can be gained by “making a big 
one out of a little one.” Full directions 
for assembly and operation of these 
units accompany the kits, which can 
be obtained through radio-supply 
houses. 



Theater Television . 
The theater owners have already 

been dealt a body blow by television. 
Widespread use of subscriber televi¬ 
sion would perhaps be a knockout. 
Few people would leave the comfort 
of their living rooms and a current 
movie or good program to go to a 
movie house and see a movie no more 
current than the one being televised. 

Theater television is an effort to 
counteract this trend. In this system, 
the televised picture is fed into a 
closed circuit—or leased wire—instead 
of to a television station. The circuit 
distributes the picture to one or more 
theaters who have paid the promoter 
a certain fee for the exclusive rights. 
The theaters in turn show the event 
taking place on their screens and re¬ 
cover costs by charging admission. 
Two fundamental systems of theater 

television have been developed. The 
first one is basically a kinescope 
whose image is focused on a large 
screen in much the same manner as in 
projection TV. In the second, the in¬ 
coming picture is photographed and 
the film projected. 
The major problem in projecting 

the image from a kinescope on a screen 
with any great degree of enlargement 
is that whatever light is used is dissi¬ 
pated over a large area when the pic¬ 
ture is increased in size. This means 
that the light “behind” the picture 
must be quite great and the picture 
contrast correspondingly high. Low 
brightness would result in a very dim 
picture. Too much brightness could 
result in a washed-out picture. And, to 
be of any use, the picture must be 
quite large. 

Current theater television using an 
image projected from a kinescope is 
still fairly small in size compared to 
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the screens used in very large theaters. 
Seven by 9-foot screens have been used 
with excellent results. The engineer¬ 
ing problems involved, however, are 
constantly being reviewed and studied 
so that effective direct-image projec¬ 
tion is most likely in the not-too-dis-
tant future. 
The second method of theater tele¬ 

vision is costlier than the first and has 
a time-delay disadvantage. But it is ad¬ 
vantageous in that full-size reproduc¬ 
tion is possible using standard projec¬ 
tors and a record is made for future 
use. In this system, the picture is pho¬ 
tographed as it appears on the face of 
the picture tube by a special camera. 
The film is processed very rapidly. 
Drying, for example, is accomplished 
by using jets of hot air. The finished 
film is fed to the regular theater pro¬ 
jector and flashed on the screen. The 
total elapsed time averages 45 seconds 
—45 seconds from the time the camera¬ 
man at the scene of action takes the 
picture to the time it is shown to the 
viewing audience. There is some loss 
of resolution in this method that is 
not necessarily present in the use of 
direct projection from a kinescope. 
The newest RCA development in 

theater TV has a 7-inch picture tube 
which gives a good picture on a screen 
15 by 20 feet. This system uses voltages 
on the order of 80,000 volts in order 
to procure sufficient brightness. The 
kinescope in this case is more or less 
conventional. Another type, the Skia¬ 
tron, uses external light just as in the 
case of a projector. The electron beam 
scans—from an angle—a mosaic of crys¬ 
tals the opaqueness of which is varied 
by the beam. A high bombardment 
such as that received from a strong 
signal makes the mosaic less opaque; a 
weak one has less effect. 



Chapter Ten 

TELECASTING 

TELEVISION broadcasting re¬ 
quires a great deal of effort and equip¬ 
ment. The equipment and techniques 
are quite different in many respects 
from those used by the first cousins of 
television—radio broadcasting and mo¬ 
tion pictures. There are many similari¬ 
ties, of course, but the differences are 
so many and sometimes so great that 
television broadcasting must be con¬ 
sidered as an art in itself. 

First and foremost is the station 
equipment — cameras, amplifying 
equipment, sound equipment, lights, 
control rooms and studios and the 
transmitter and its associated high an¬ 
tenna. Radio has its amplifying equip¬ 
ment and transmitter, control rooms 
and transmitter but no camera and no 
concern with lighting. The movie in¬ 
dustry has its cameras, sound equip¬ 
ment, lights and the like, but is not 
concerned with the problem of broad¬ 
casting. And where the motion picture 
industry can and often does take weeks 
and months to film a story, television 
must do the same thing in 30 or 60 
minutes. Thus the rehearsal and pro¬ 
duction problems in general are vastly 
different in television. 

The Television Camera 
Let us trace the progress of a tele¬ 

vision scene, through the camera and 
to the transmitting antenna. The cam¬ 
era itself is the source of the picture; 
the heart of the camera is the camera 
tube. Two types of camera tubes are 

used — the iconoscope and the image 
orthicon. The iconoscope was the first 
really practical camera tube devel¬ 
oped. Dr. V. K. Zworykin of the RCA 
laboratories patented the device in 
1923. In the iconoscope, a lens focuses 
the scene to be taken on a mosaic con¬ 
sisting of many little particles of pho¬ 
toemissive cesiated silver. Each par¬ 
ticle stores up in the form of electrical 
energy the amount of light it receives 
from its own portion of the scene. The 
light received from a white section is 
high and thus the electrical energy 
stored is high. From a black portion it 
is low and the energy stored is corre¬ 
spondingly low. Thus it can be seen 
that the amount of energy available is 
directly proportionate to the light re¬ 
flected by a surface. J ust as an electron 
beam scans the screen in a receiving 
tube, so does an electron beam scan 
the mosaic in an iconoscope. In the 
receiving tube, however, the beam im¬ 
parts its intelligence to the screen, 
whereas the beam in a camera tube 
“picks off” the intelligence for trans¬ 
mission over the airways. 
The second, and now the more com¬ 

monly used camera tube, is the image 
orthicon, also developed in the RCA 
laboratories by scientists working un¬ 
der the direction of Dr. Zworykin. 
The image orthicon uses different 
principles, but can be considered as 
operating in the same manner as the 
iconoscope. There are differences in 
results however. The iconoscope gives 
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very fine detail, requires a great deal 
of light, is more sensitive to colors at 
one end of the spectrum than the oth¬ 
er and has a tendency to store the in¬ 
telligence for a longer period of time. 
The latter characteristic is not good in 
many cases. To focus the iconoscope 
on a fixed scene, such as a sign, for 
any length of time means that the 
scene tends to linger. A ghostlike im¬ 
pression remains which takes enough 
time to wear off to show as a ghostlike 
shade on the next scene shown. Today, 
the iconoscope is used largely in the 
transmission of motion pictures, for a 
reason we shall see later. 
The image orthicon, on the other 

hand, gives excellent picture quality, 
needs very little light, is fairly linear 

as to color and does not store the in¬ 
telligence it receives to the extent that 
there is a “linger” effect. It is the com¬ 
mon tube now in use throughout the 
industry. Besides the camera tube, 
the camera itself has a lens turret on 
which are mounted four lenses for 
varying uses and which can be 
switched as the cameraman sees fit and 
the scene demands. The lenses are of 
different focal lengths, which enable 
the cameraman to select the proper 
one for varying distances. A typical 
set of lenses would be one each of 50 
millimeters, 90 millimeters, 135 milli¬ 
meters and 12 inches. The camera has 
a rangefinder. And finally, the televi¬ 
sion camera is equipped with the elec¬ 
tronic circuits necessary to energize 

Here is $14,000 worth of camera, opened to expose the various parts 
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the picture tube, provide the electron 
beam and the devices which cause it 
to “scan” the target. The complete 
picture riding on the electron beam 
which scans 525 lines 30 times per sec¬ 
ond is thus provided by an optical in¬ 
strument which costs about $14,000. 

Monitors and Controls 
The complete picture in terms of 

electrical energy is now available and 
ready for imposition on the radio-fre¬ 
quency highway being manufactured 
by the transmitter and its components. 
Just as the sound signal in a radio sta¬ 
tion goes through a control room to 
be monitored and checked, so does the 
picture signal from the camera. The 
scene being taken by each camera is 
shown on a camera monitor. Thus, if 
three cameras are working a program, 
the pictures each takes are visible to 
the control-room engineers and the 
one selected by them is sent to the 
transmitter. In the illustration on this 
page, two control-room engineers are 
seated in front of two monitors, each 
with a picture from a different camera. 
Behind them is the director, who is 
surveying not only the pictures on the 
monitors but also the scene in the stu¬ 

dio. The control-room personnel com¬ 
municate with the studio operating 
personnel and tell them what scene is 
to be taken, which camera is to do the 
work and let the cameraman know 
when his own particular unit is the 
one on the air. 

Suppose that two cameras are work¬ 
ing a cooking program. Camera No. 1 
is taking the whole scene and is on the 
air. The director’s script calls for a 
close-up of a dish ready for the oven, 
so he has Camera No. 2 focused on 
that item. Now the engineers have two 
pictures available—No. 1 showing the 
whole scene, No. 2 the close-up of a 
prepared dish of food. At the proper 
time — when the instructor wants to 
point out the culinary result—the pic¬ 
ture from Camera No. 2 is switched on 
to the line running to the transmitter 
and Camera No. 1 becomes available 
for setting up in another position if 
desired. 
At the same time, and in the same 

manner, the sound is picked up by mi¬ 
crophones and sent to the control 
room where it is monitored by the 
audio engineer and sent to the trans¬ 
mitter for its “ride” on the audio por¬ 
tion of the radio-frequency highway. 

Close-up views of studio controls, showing technicians and director (right) 
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Actually, the sound and picture to¬ 
gether are sent from studio control to 
a master control room where the pic¬ 
ture can be viewed as it goes on the 
air. Here also the signal is amplified, 
switches control the lines to each stu¬ 
dio, power equipment and the like are 
all kept. From the master control the 
signal is sent to the transmitter, either 
by cable or beamed microwave. And 
at the transmitter, which may or may 
not be on the roof of the same build¬ 
ing, the picture and sound intelligence 
are cast abroad to the public. 

The Transmitter 
The transmitter is a device which 

manufactures radio frequencies at 
powers specified by the Federal Com¬ 
munications Commission in the li¬ 
cense granted to each station. The 
transmitters manufacture a double set 
of frequencies, however; one for the 
picture which is amplitude modulated 
and one for the sound which is fre¬ 
quency modulated. Both must be con¬ 
tained in a channel 6 megacycles wide. 
The center of the audio band must 
lie 0.25 megacycles (250 kilocycles) be¬ 
low the top of the channel. In other 
words, for Channel 2, which covers 
the frequency spectrum from 54 to 60 
megacycles, the center of the audio fre¬ 
quency is 59.75 megacycles. The fre¬ 
quency-modulated sound signal is al¬ 
lowed a width of 50 kilocycles or a 
swing of 25 kilocycles on each side of 
the center frequency. Thus, in Chan¬ 
nel 2, 25 kilocycles subtracted from 
59.75 megacycles leaves 59.5 megacy¬ 
cles left for the video signal. 

Other factors and rules enter into 
this division of the television channel 
which place the center of the video fre¬ 
quency at 55.25 megacycles, for exam¬ 
ple, but the theories and principles in¬ 
volved are highly complex and not to 

RCA 
Television's version of the walkie-
talkie—a portable camera and trans¬ 
mitting station weighing 35 pounds 

be dealt with here. It is sufficient to 
say that the television channel must 
carry both the sound and picture sig¬ 
nal, that definite portions are allotted 
to each and that constant endeavors 
are being made to produce better 
transmitting equipment and methods 
so that the best results can be pro¬ 
duced with the “space” available. 

The Antenna 
The signal is then piped to the trans¬ 

mitting antenna — a familiar sight to 
dwellers in television areas as it is al¬ 
ways located on the highest available 
point. The antenna used in television 
transmitting is designed so that it will 
efficiently spread the signal in all di¬ 
rections—in a circle, in other words. 
It is located at a high point for two 
reasons—to cast the signal as far as pos¬ 
sible it must be located high to over¬ 
come the curvature of the earth, and to 
reduce the shadow effect of other 
buildings and hills to a minimum it 
should be high in order to overlook 
them. 

Fundamentally, the transmitting an¬ 
tenna is based on the dipole just as the 
receiving antenna is based on the di-
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pole. Today, the modern television 
station is equipped with a “superturn-
stile” antenna, sometimes called the 
batwing. Despite its appearance, it 
consists of the basic dipole antenna 
arranged in different forms. The an¬ 
tenna provides (1) omnidirectional 
propagation, (2) is broadband in char¬ 
acteristic—that is, it sends out all por¬ 
tions of the channel frequency with 
equal strength—and (3) it is stacked— 
a number of batwings are arranged in 
a vertical plane—so that the antenna 
itself is an amplifier which increases 
the signal strength of the signal re¬ 
ceived from the transmitter. 

Studio Lighting 
Lighting equipment is perhaps the 

last of the physical equipment items 
of a TV station to be discussed. Before 
the development of the image orthi¬ 
con, the iconoscope was the basic cam¬ 
era tube used in television. This not 
only required a great deal of light but 
was particularly responsive to certain 

portions of the color spectrum. This 
required the use of odd types of make¬ 
up (such as green grease paint) on the 
part of television performers. The 
lights used were extremely powerful 
—and hot. 

Today, however, the image orthicon 
is capable of producing excellent re¬ 
sults with small amounts of light and 
is not nearly as color prejudiced as the 
iconoscope. An example of the small 
amount of light needed by the image 
orthicon is shown when the television 
camera roams about the audience in a 
studio theater. Ordinary theater light¬ 
ing—not stage lighting—is all that is 
provided, yet the viewer sees the au¬ 
dience very clearly indeed. Football 
scenes in bad weather are much clear¬ 
er with the image orthicon than with 
the iconoscope. The physical lighting 
equipment of today’s television studio 
bears a decided resemblance to theater 
stage lighting rather than to the in¬ 
tense movie lighting used in the early 
days of television projection. 

A view of the main studio of WGN-TV, Chicago, showing equipment used 
WGN-TV 
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NBC 
A studio corner in Station WNBT, showing some of the powerful lights 

How the Show Goes On 
We have gone over the physical 

equipment in a television station rath¬ 
er lightly, but necessarily so as the com¬ 
plexities involved are too great to go 
into a very deep technical explanation. 
It is far more interesting to discuss the 
manner in which this equipment is 
used and the duties of the various peo¬ 
ple who “put the show on the air.” 

Suppose that a one-hour variety 
show is to be put on the air. No deci¬ 
sion has been made as to cast or the 
content of the program itself. Only the 
producer who is to stage the show has 
been selected. The producer knows 
the type of show desired, has given 
some thought to casting, knows the 
studio in which it is to be presented, 
the time of day at which the show will 
go on the air and all the other basic 
facts. With that in mind he tells the 
writer what he wants—a master of cere¬ 
monies, short comedy acts, a I5-min-
ute dramatic sketch—and tells him to 
go to work on a script. The program 

is to be presented in a large theater 
with an audience during the evening 
hours. Therefore, it is one to be aimed 
at all the family and not just the 
housewife or the children. 
With this data the writer goes to 

work. He knows that in television he 
is dealing with a medium whose limi¬ 
tations are different from those of the 
stage or the movies. He knows that the 
dose-ups of his cameras, the montages 
and superimposure effects give him an 
opportunity to be versatile in the man¬ 
ner in which he creates moods and 
feelings. Sound is available to him for 
musical backgrounds and “mood mu¬ 
sic” as well as to carry the voices of the 
performers. But he also knows that 
shots of forests, ships at sea wallowing 
in the waves and the like arc usually 
quite out of the question without ex¬ 
pensive equipment and film. 
The writer draws up his rough out¬ 

line, estimating the time involved in 
each and—if permitted by the sponsor 
—taking care to arrange the program 
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so that advertising matter can be in¬ 
jected cleverly rather than thrown 
rudely at the viewing audience in the 
manner of a Keystone Comedy pie. 
After satisfying himself—and the pro¬ 
ducer—that the rough outline is fol¬ 
lowing the desired form, he tvrites the 
dialogue and action. The completed 
manuscript will run the show just a 
little over the hour required, since it 
is far easier to cut out in the final 
stages of rehearsal than to fill in. 
On the basis of the outline and the 

manuscript, the cast and performers 
are hired and the first rehearsal gets 
underway. This can usually take the 
form of a simple read-through to get 
an idea of balance and time as well as 
to familiarize the performers with the 
program. After corrections have been 
made, the heads of departments are 
called in for a conference—the produc¬ 
er, writer, director, lighting man and 
perhaps the camera and sound engi¬ 
neers—as weil as the property-depart¬ 
ment head. Because a program cannot 
be satisfactorily produced with effect 

Director Stanley Quinn goes over a 
script with actors Vaughn Taylor, 
Nelson Olmstead, Valerie Cossart 

Robert Wade and Robert Elwell talk 
over the technical problems of a 
forthcoming television production 

on a bare stage, the set designer is an 
important addition to this group. The 
script is gone over carefully and de¬ 
tails of actino', sets, dialogue, timing 
and the like are worked out as far as 
possible at this stage. 
The different groups then go to 

work with the producer supervising 
the overall effort. The set designer, 
stage hands and property-department 
members build sets and provide props 
and costumes. The cast is put through 
its paces in rehearsals without cameras 
and microphones. The technical per¬ 
sonnel run through the script to de¬ 
termine what is needed in the way of 
lighting, special camera work and the 
like. The musical director works close¬ 
ly with the timed rehearsals of the cast 
so that all will blend in well. 

Finally the time for a complete re¬ 
hearsal arrives and all hands are on 
deck. During these final rehearsals the 
show is polished, the playing area is 
marked off, camera men become fa¬ 
miliar with the scenes they are to 
shoot, final touchups on the set are 
made, music cues are coordinated, 
lights are adjusted, scripts are marked 
with final notes and the show is ready. 
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TV rehearsals are serious business. 
Director Larry Schwab explains how 
he wants a scene played to Dennis 
Harrison, Susann Shaw, Francis 
Grummond and Parker McCormick 

A television-show script is usually 
written in halves — that is, the video 
portion, showing the action of the per¬ 
formers and the cameras as well as the 
lights, is on the left half of the page 
while the audio portion occupies the 
right side. For example, suppose the 
action consists of one man pinning a 
medal on another. The script will 
state: 

dergoes final preparations. The direc¬ 
tor—and perhaps the producer—are in 
the control room, armed with scripts 
and ready to tell the cameramen and 
video engineers what to do. Also in 
communication with them is the floor 
director and manager, who remains 
out in front with the cameras and 
upon the advice of the director signals 
to the performers to change position, 
come closer, speak louder and the like. 
The audio engineer sits at his control 
board and directs the man operating 
the boom microphone as well as care¬ 
fully watching the story told by his 
meters in order that the best possible 
sound be produced. In the master con¬ 
trol room, the engineer in charge is 
standing by to shift from the studio 
where a program is now being finished 
to the one where all is in readiness to 
go on the air. At the transmitter, the 
engineers there are constantly check¬ 
ing their equipment to make sure it is 

Television scenery, under the relent¬ 
less eye of the camera, must be 
prepared carefully to look authentic 

NBC 

Video 
Smith pins medal 

on Brown No. 1 
close-up 

Ready No. 3 for 
pan shot of stage 

No. 3 pan stage 

Audio 
Smith: This is an 
honor indeed ... 

Brown: It should 
really go to my 
darling mother 
who taught me 
all I know. 

Applause by all on¬ 
stage 

This simply shows that Camera No. 
1 takes a close-up of the pinning of the 
medal while No. 3 camera gets set to 
sweep across the stage showing the 
people applauding. This is done when 
the others start to applaud after 
Brown’s lines. 

Completely rehearsed, the show un¬ 
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NBC 

Around and above the scene you see are cameras, microphones, lights 

functioning properly. At home, the 
audience is sitting in front of their re¬ 
ceivers waiting to be entertained. 
The program director takes over at 

this point and becomes an exceedingly 
busy man for the duration of the pro¬ 
gram. He and his assistants—the cam¬ 
eramen, the microphone men, the 
video and sound engineers — are in 
touch with each other by means of 
either a telephone circuit or a flea-
powered radio circuit. His script is 
well marked with notes jotted down 
during the rehearsals so that he knows 
exactly what should be done at all 
times. He warns the cameramen to get 
set for each shot, instructs his assistant 

on the floor of the studio to signal the 
actors to move hither and yon, to speak 
louder and the like. He instructs the 
engineers in the control room to cut 
from one camera to another. And, he 
carefully watches the time as it speeds 
by in a frantic endeavor to have the 
show and its accompanying commer¬ 
cials exactly fill the time allotted to 
the program. Perhaps he has spots 
which can be cut out of the program— 
or added—should the time appear to 
have been misjudged. All in all, the 
director is a man who earns his pay. 

TV Techniques 
The engineers at the control console 

are the ones who manipulate the 
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knobs to help give the picture quality, 
switch from camera to camera, pro¬ 
duce trick shots and the like. Suppose 
it is desired to have one scene lade out 
as another lades in. By turning down 
the “gain" or volume control on one 
camera line as the other is turned up, 
the desired effect is obtained. By put¬ 
ting two signals on the air at one time 
they can superimpose a sign, advertis¬ 
ing and whatever is desired on the 
scene being pictured. An example of 
superimposure is the baseball scene 
where the viewer s screen shows the 
pitcher’s mound, the batter and catch¬ 
er as the main picture while at the 
same time, up in one corner, can be 
seen a separate close-up of action at 

first base or some other section of the 
field. This is done simply by masking 
off all but the section in question on a 
second camera and supei imposing the 
picture on the main one. Fading in 
and out, ghostlike effects, negatives 
and so on can all be produced by the 
video engineer as he sits at his control 
board by merely turning the proper 
knobs. Carefully and properly used, 
such tricks c an make a television pro¬ 
gram very effective in creating the 
mood desired. 
Out on the floor of the studio, the 

cameramen, the microphone men and 
the director's assistant are no less busy. 
The sound must be pic ked up proper¬ 
ly without disclosing the microphone 
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CBS 

Every little gesture has a meaning 
of its own for the floor manager, 
who directs actors on the TV set 

as it hangs from the boom right over 
the camera. Because time and space 
are both limited, someone must be 
there to see that the proper tempo is 
maintained and that the actors stay 
within their acting area. This is the 
function of the assistant director or 
floor manager. The cameraman is one 
who not only should be a good tech¬ 
nician but, like any photographer, 
have a Hair lor composition and be a 
master ol TV techniques. Particularly 
in sporting events must he have that 
sixth sense that tells him where the 
ball is going to go or who is likely to 
be the pass receiver. 

It is very obvious to the viewing au¬ 
dience that a cameraman is inexperi¬ 
enced when he moves in to take a 
close-up without maintaining proper 
focus, or overshoots his mark and has 
to move back—sometimes with a jerk 

The TV camera cranes are marvels of flexibility, permitting any angle 
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that makes it appear as if the camera is 
jerking back and forth and coming 
to rest like a ball on the end of a rub¬ 
ber string. His “pan” shots — those 
which scan a scene from side to side— 
must be smooth and even. And, of 
course, it is a c ardinal sin to cut off a 
performer’s head. 
The camera itself may be mounted 

on a fixed stand, on a moving platform 
wheeled around by the cameraman or 
on a dolly or crane on whic h the cam¬ 
eraman sits and which is moved into 
position by someone else. A camera 
mounted on a crane or boom makes it 
possible to take a tremendous variety 
of shots from all angles. 

In many studio programs, the star 
performer — commentator, master of 
ceremonies, etc.—remains seated at a 
desk or table and free] tient ly inter¬ 
views another person. It will be no¬ 
ticed that he frequently has his guest 
move his chair closer in, or forward or 
back. This is done to enable the cam¬ 
eraman to get a close shot of both. The 
star in many of these cases is protided 
with a “monitor" receiver on whic h he 
can watch himself and the guest and 
thus do a better job of controlling the 

CBS 

A TV camera moves in for a close-up 

effectiveness of the picture. In the 
commentator illustration on this page, 
the back view of the monitor can be 
seen at the right of the picture. 

Basically, a remote-control opera¬ 
tion is similar to a studio program. 

I he major difference lies in the fact 

A monitor (seen at lower right) allows commentator to observe himself 
NBC 
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A complete transmitting station on 
wheels—the TV mobile unit of WGN 

RCA 

Reels of transmission lines unroll 
from the back of a TV mobile unit 

Like the news cameraman, the TV 
sports lensman uses a "Big Bertha" 
lens to get playing-field close-ups 

that the studio-control room is, in this 
case, on wheels. Remote-television 
trucks are becoming a common sight 
in metropolitan areas. The cameras 
pick tip the scene just as they do in a 
studio and the energy is piped to the 
truck. Here the engineers control it 
just as they do in the studio. 
From the truck, the pi< ture is sent 

to the transmitter station by one of 
two methods—coaxial cables or micro¬ 
wave relay. I he < able is used in most 
cases where the events are telecast reg¬ 
ularly. Microwave relay must be used 
where no cable is available. The an¬ 
tenna is aimed at a receiving antenna 
which picks up the signal and then re¬ 
lays it by cable to the transmitter. The 
“pickup” point for the remote signals 
does not necessarily have to be on the 
same site as the studio or transmitter. 
Frequently it is located on another 
building whose height or location 
makes it more suitable in that it can 
be seen from a greater number of 
points in a city. 
The announcer in the field does not 

view the event as the spectators present 
do but watches what takes place on a 
monitor which gives him the same pic¬ 
ture being observed by the home view¬ 
ers. This method must obviously be 
used lest he be describing one thing 
while the viewer is watching another. 
It is usually quite apparent when an 
announcer lets his attention wander 
from his monitor. When he does the 
director frantically orders his camera¬ 
men to change scenes in order to catch 
up with the errant one. 
The need for TV teamwork is very 

great. And the need for skill on the 
part of the cameraman in knowing 
what is vital and interesting is greater 
still, as he cannot depend on a written 
script always. In the studio, the direc-
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tor knows when Bill is going to kiss 
Mary. On the baseball field, however, 
the batter may hit to right field, leit 
field, he may strike ont; worse yet, the 
main action may be missed as a runner 
is pegged out at second while the cam¬ 
era is still watching the batter. Foot¬ 
ball-viewing pleasure is diminished if 
the camera is focused on the safety 
man while the runner makes an off-
tackle play. 
The remote camera is generally 

mounted on a fixed tripod or stand. 
Basically, it is the same as the camera 
used in the studio with the exception 
that 24 or 30-inch telephoto lenses may 
be added for close-ups of an outdoor 
spectacle. 
The view finders used on television 

(ameras arc interesting. In effect they 
are small television receivers which do 
not receive the picture from a televi¬ 
sion station but directly from the cam¬ 
era itself on which it is mounted. By 
this means, the cameraman can exactly 
center, focus, adjust size, brightness, 
etc., as they should be. For televising 
fast scenes and at a distance, the view 
finder can be equipped with a ring 
sight to enable the operator to “aim” 
more easily right on his target. 

Because of the fast action, the great¬ 
er distances involved and the uncon¬ 
trolled lighting generally found in 
most remote-television programs—box¬ 
ing, baseball, football, parades and the 
like—the remote-pickup crew of a tele¬ 
vision station needs be, perhaps, more 
skilled in many ways than those in the 
studio. Their work is hard and fast. 
Don’t mutter the next time a camera¬ 
man misses the center of play at a foot¬ 
ball game. Remember, he not only 
sees the game but has to maneuver a 
camera and focus it while you merely 
sit at home and watch. 

RCA 

Inside a mobile TV unit. Ladder 
provides access to the roof hatch 

Following the action of a boxing 
match calls for top camera skill 

WGN-TV 
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Bowstrings twang, and the arrows 
of the treacherous Indians, narrow¬ 
ly missing Hopalong Cassidy, strike 
and quiver in the tree trunk. How 
it's done is shown below. A spring 
mechanism projects the arrows from 
the inside of the artificial trunk 

No small part in achieving trick ef¬ 
fects is played by the stage department 
of a TV station. Just as in a theater, 
many properties must be kept on hand 
for various uses—room sets, furniture, 
clothing, costumes and similar items. 
The stage crew can be and often is 
called upon to deviate from the usual 
run ol scenery and provide means of 
making a 3-loot area look like a ban¬ 
quet hall in an old manor house. Min¬ 
iature sets and figures are often used 
to provide illusions of space. The use 
ol forced perspective is another ex¬ 
cellent means of making a very small 
area appear large. Often this type of 
effect calls lor an assist from the cam¬ 
eraman. Forced perspective plus the 
use of a short lens can make it seem as 
if a tiny figure of a person is approach¬ 
ing the camera from a long distance, 
whereas the space involved may be 
only a few feet. The lack of space in a 
TV studio makes this sort of thing al¬ 
most a necessity to give the proper il¬ 
lusion. It also calls for careful rehears¬ 
ing of the actors involved. A dancer 
may appear to be performing in an 
area of several hundred square feet al¬ 
though the area is only a fraction of 
that. The development of the highly 
sensitive image-orthicon camera has 
made the use of lighting important in 
the obtainment of special effects. And, 
moving picture film is used often to 
prov ide special effects. 

Television Movies 
The use of movie film in television 

broadcasting presented some problems 
in itself which had to be overcome be¬ 
fore the viewer could sit at home and 
comfortably view whatever was pro¬ 
jected — whether it was a new, TV-
made film or a 20-year-old Hollywood 
“epic.” In motion pictures, 24 frames 
per second are shown. In television. 
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Illusions of space and distance are achieved by using sharp perspective 

we have 60 frames per second. The 
effect would be rather ghastly if the 
two rates were not matched. As the 
rate of television is standard at both 
the receiver and transmitter, the 
change had to be effected in the man¬ 
ner in which the camera views the ” 
film. 
A casual examination would make it 

appear that as there are only 30 com¬ 
plete frames shown per second on tele¬ 
vision, the problem could be solved by 
merely running the film a little faster. 

However, the sound track is also on 
the film, s^hat it would be distorted 
by increasing the speed. Another prob¬ 
lem is involved in the time required 
to “pull” the film through from one 
frame to another. This should happen 
in synchronization with the return of 
the vertical sweep in the camera, but 
as the vertical sweep returns in 1.25 
milliseconds, this would require such 
a fast rate on the film that the force 
required might break it. And, finally, 
the film must be exposed to the mosaic 
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of the camera for definitely timed in¬ 
tervals with a great degree of bright¬ 
ness. 
To overcome the discrepancy in the 

frame rate, each frame on the film is 
exposed to the camera more than once. 
If we take the 24 frames that would be 
shown in one second of time, expose 
the first frame twice, the second three 
times, the third one twice, the fourth 
one three times and so on, the result 
would be 60 frames shown. This 2, 3, 
2, 3 sequence has been adopted to 
overcome the frame-frequency prob¬ 
lem. 
The problem of moving the film in 

accordance with the vertical blanking 
sweep is solved in another way. It will 
be remembered that the iconoscope 
picture tube has the ability to store in¬ 
formation. In other words, if it is fo¬ 
cused on a scene, the energy on the 
mosaic -will last for some time and not 
cut off abruptly when the scene is 
changed. This disadvantage is turned 
to an advantage in film televising. 

When the film is pulled down from 
one frame to another, the electron 
beam in the iconoscope picks intelli¬ 
gence from the mosaic which was im¬ 
parted by the previous frame during a 
portion of its scan. 
The shutter action to provide the 

light on the film at the proper mo¬ 
ment has been mechanically set up to 
allow light to pass through a disk 60 
times per second. In conjunction with 
this, an intermittent device is used to 
provide the 2, 3, 2, 3 pull-down rate of 
the film. Lately, however, a new idea 
has been developed and put into use. 
In this, a krypton-filled lamp is used 
as the light source is pulsed electron¬ 
ically. The advantages of this, besides 
doing away with the rotating shutter, 
are threefold: The operating tempera¬ 
ture is low, which reduces the fire haz¬ 
ard; the overall synchronization is 
easier because of the use of electronic 
circuits, and the power required by 
the light is smaller than that of a car¬ 
bon arc. 

Iconoscope cameras are especially adapted to projecting movies 
WGN-TV 
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Film is used in a variety of ways in 
television. Full-length features, adver¬ 
tising shorts and background fill-ins 
on a TV drama are some examples. It 
is comparatively simple to put a mes¬ 
sage on a film—advertising or other-
wise—by splicing the ends together to 
make a continuous loop and letting it 
run over and over again. In the use of 
film as part of an otherwise “live” pro¬ 
gram, timing is most important. The 
exact number of frames to be run must 
be measured, length of warmup time 
calculated, and so on. Thus, if the 
script calls for a background scene to 
appear when certain lines are spoken 

Lights are on one side of the set 
and cameras on the other to record 
the window-blind silhouette of the 
girl disrobing. The scene appearing 
on the TV screen is shown beneath 
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NBC 

Large television theaters like this allow spectacular production numbers 

it can appear immediately and at the 
proper point in the film. 

TV Time Charges 
Some mention should be made of 

the rates charged by television stations 
and networks for their facilities. Each 
station and network divides its time 
into three categories—Class A, Class B 
and Class C. Although the times indi¬ 
cated vary slightly from station to sta¬ 
tion, basically Class-A time is from 6 
p.m. to 11 p.m.; Class B from 5 to 6 
p.m. on weekdays, 1 p.m. to 6 p.m. on 
Sundays. Class-C time consists of all 
other hours. An inspection of the 
times will show that Class-A time will 
have the greatest number of viewers, 
Class B next and Class-C time falls 
tvhen people are generally otherwise 
occupied. Thus, the charges are made 
accordingly. Roughly, Class-B time 
costs about 75 percent of Class-A time 
and Class-C time costs 50 percent of 
Class A. 
The charges themselves are widely 

varied. A small station with not too 
many viewers in its area will have rela¬ 

tively small charges compared to some 
of those in the large metropolitan 
areas. An overall inspection of station 
charges would show some stations 
charging as little as $200 for one hour 
of Class-A time and others charging as 
high as $4000. Typical charges are 
shown below: 

Minutes Class A 
60 $1100 
45 880 
30 660 
20 550 
15 440 
10 367 
5 330 

Class B Class C 
$825 $550 
660 440 
495 330 
415 275 
330 220 
275 184 
247.50 165 

The above charges will usually in¬ 
clude the use of a studio and its facil¬ 
ities during the broadcast time. Dis¬ 
counts ranging up to 20 percent and 
more are allowed those who contract 
for the same period of time over a 
number of weeks. The charge per 
hour of Class-A time tvhen a contract 
has been made for 208 or more hours, 
for example, is reduced to $880, 
and the same rate of discount applies 
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to other classes and periods. An addi¬ 
tional charge—on a time basis—is made 
for studio use during rehearsals. Typi¬ 
cal would be $200 for an hour of re¬ 
hearsal time which involves the use of 
studio facilities and personnel. 
Announcements within a program 

period are charged for additionally. 
One minute or less of Class-A time 
will tost from S200 up: Class B, S150, 
Class C. $100. Station breaks are lim¬ 
ited usually to two types—20 seconds 
and 10 seconds. In the shortest inter¬ 
val, the advertiser must share station 
identification. The cost runs about the 
same as the one-minute announcement 
—Class A. S300 for 20 seconds, SI 50 lor 
10 seconds: Class B, S225 and SI 12.50, 
Class C, SI 45 and S72.5O. Discounts 
are allowed lor long contracts, but ad¬ 
ditional charges are made for special 
effects—music, sound and production. 

NBC 

Makeup artistry is as important as 
in the theater. Here Josephine Long 

attends Ethel Barrymore Colt 
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An extra charge is made for those 
programs which require audience par¬ 
ticipation and the resultant studio, 
ticket printing, telephone calls and so 
on. The charges shown are not those 
of any particular TV station, although 
they do correspond with some. Rather 
they are an average. It can be seen that 
the costs can run quite high, even for 
the smallest spot break. The customer 
buying the time is subjected to certain 
restrictions. Uis program material 
must be acceptable to the station as to 
content. He is limited in the amount 
of time he can spend on his commer¬ 
cial copy. A 15-minute program of 
Class-A time is allowed 2'/2 minutes, a 
half hour program 3 minutes and an 
hour program 6 minutes for commer¬ 
cial copy. 
Some stations have slightly lower 

rates for programs involving only 
films. Others do not differentiate. One 
metropolitan station has a regular film 
feature once per week commencing at 
9:30 p.m. The program time—with the 
discount—costs S680 an hour and in¬ 
cludes the commercial time and the 
use of remote facilities. Roughly, then, 
each film costs SI 020 as they average 
l'/2 hours in length. In addition to 
this, rental must be paid on the film 
which, as many viewers will attest, 
should be not more than S5, but will 
run in some instances to quite a few 
hundreds. In addition to all rates 
quoted above, the sponsor must pay 
for the talent. 
Network time is costlier still. Not 

only must each individual station re¬ 
ceive its pay for the time and facilities 
involved, but the network involved 
has many expenses to cover, ranging 
all the way from studio facilities to 
rental of coaxial-cable or microwave¬ 
relay time. Typical charges for a 36-

station network are: Class-A time, 
S3 1. 150 per hour; Class-B time, $18,-
690 and Class-C time, $12,460. Again, 
the cost of the performers must be 
added to these prices. 

Television is not cheap for the spon¬ 
sor. Just how much he can afford to 
pay is strictly up to his own company. 
1 low many programs of a weekly na¬ 
ture will be telecast week after week 
as more and more stations are added 
to networks is also a question. But, the 
charges are necessarily high as a scru¬ 
tiny of all that is involved will show. 
TV has all the expenses radio has and 
more. Studio facilities are greater and 
more expensive—lights, cameras, scen¬ 
ery and other equipment. Personnel is 
far greater in number; there are no 
cameramen or video engineers in ra¬ 
dio, but TV has its mike men and 
sound engineers just as does radio. It 
is these economic problems which 
have arisen and which will continue to 
rise that make the average man won¬ 
der how long this “good thing" will 
last free to the viewer. 
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ULTRA-HIGH FREQUENCY 

HE STANDARD television 
bands are divided into two sections. 
The low band covers the range from 
54 to 88 megacycles and includes 
Channels 2, 3, 4, 5 and 6. The high 
band ranges from 174 to 216 megacy¬ 
cles and is filled by Channels 7, 8, 9, 
10, 11, 12 and 13. These are the very 
high frequencies (v.h.f.). 

Because adjacent channels operating 
in the same city or locality will inter¬ 
fere with each other, the FCC licenses 
a city’s television stations only on al¬ 
ternate channels. Thus, a city cannot 
have two stations, one operating on 
Channel 2 and the other on Channel 
3. Channels 4 and 5, separated by 4 
megacycles, are the only exceptions. 
Obviously, two stations cannot operate 
on the same channel in the same local¬ 
ity. This not only limits the number 
of stations that can operate in one 
place but also places a limit in the 
number that can operate within a cer¬ 
tain radius. For example, Channel 9 
is assigned to WGN- 1 V in Chicago. 
If a station in Waukegan, III., 40 miles 
away, were to be assigned either Chan¬ 
nel 8 or Channel 10, the two would 
interfere with each other. However, 
an adjacent-channel assignment in 
Milwaukee, a hundred miles away, 
would be unlikely to cause interfer¬ 
ence and thus would be permissible. 
With only 12 channels available, a 

large number of population centers 
would be banned from having their 
own television station or stations lest 

they interfere with already existing as¬ 
signments. For that reason, another 
portion of the radio-frequency spec¬ 
trum has been set aside by the FCC 
for television use. This band covers 
the range from 470 to 890 megacycles 
and is called the ultra-high-frequency 
(u.h.f.) band of television channels as 
opposed to the old standard channels 
in the v.h.f. band. By this decision, the 
commission made available 70 addi¬ 
tional 6-megacycle channels, begin¬ 
ning with Channel 14 and ending with 
Channel 83. The FCC has also sum¬ 
marized the requirements for cochan¬ 
nel and adjacent-channel separation as 
follows: 
Minimum Separation—City to City-

Channels 2-13 
Cochannel station separation 180 miles 
Adjacent-channel separation 70 miles 

Minimum Separation—City to City-
Channels 14-83 

Cochannel separation 165 miles 
Adjacent-channel separation 65 miles 

SpedaI-Purpose Chan neis 
These distance separations are based 

on the results of experiments per¬ 
formed by the FCC engineers and 
those of the television industry. The 
industry accomplished engineering ad¬ 
vances which made this spacing closer 
than was first thought possible, so that 
more station assignments could be 
made. 

Because of the importance of the 
part that can be played by noncom-
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mercial, educational TV stations, cer¬ 
tain frequency assignments have been 
made to noncommercial television use. 
The following quotation from the 
Federal Communications Commis¬ 
sion’s statement of March 21, 1951, is 
given in its entirety here betause of 
the importance of such educational 
use. 
"The following method has been 

employed in makingpreservations (i.e., 
for educational use). In all communi¬ 
ties having three or mote assignments 
(whether v.h.f. or u.h.f.) one c hannel 
has been reserved for a noncommer¬ 
cial educational station. Where a com¬ 
munitv has fewer than three assign¬ 
ments no reservation has been made 
except in those communities which are 
primarily educational centers, where 
reservations have been made even 
where onlv one or two c hannels have 
been assigned. (Xote: I he I CC orig-
inallv listed 16 communities as pri-
marily educational centers.) As be¬ 
tween v.h.f. and u.h.f., one- u.h.f. chan¬ 
nel has been reserved where there are 

fewer than three v.h.f. assignments, ex¬ 
cept for those communities which are 
primarily educational centers where a 
v.h.f. channel has been reserved. 
Where three or more v.h.f. channels 
have been assigned to a community, a 
v.h.f. channel has been reserved except 
in those communities where all v.h.f. 
assignments have been taken up. In 
those cases, a u.h.f. channel has been 
reserv ed. 

"It is recognized that in many com¬ 
munities, the number of educational 
institutions exceeds the reservation 
which has been macle. In such in¬ 
stances, the various institutions con¬ 
cerned must enter into cooperative ar-
rangements so as to make sure that the 
facilities are available to all on an 
equitable basis." 

The commission has reserved Chan¬ 
nels 66 through 83 as “flexibility” 
c hannels, which are to be available for 
urgent need, expet ¡mentation, etc. 
l vpical of the type of use, for exam¬ 
ple, were experiments conducted with 
"stratovision. which uses ait-borne 

To show its versatility, television records a submarine's submerging 
NBC 



All About Television 147 

Zenith 

Above is the ultra-high-frequency 
tuning strip manufactured by the 
Zenith Radio Corporation. Strip is 
shown partially inserted in a Zenith 

turret-tuner at the right 

transmitters to provide wide coverage. 
Having reached a decision on the 

number of channels to be made avail¬ 
able for television, the separation dis¬ 
tances, and so on, the FCC made tenta¬ 
tive channel assignments of the avail¬ 
able frequencies. The complete list is 
not only too long to print but is also 
subject to revision from time to time 
as the FCC sees fit. Some examples can 
be quoted, however. 

Chicago 

New York 

Los Angeles 

V.H.F. Channels 2, 4, 
5, 7, 9, 11 

U.H.F. Channels 20, 
26, 32, 38, 11 

Channel 11 reserved 
for education 

V.H.F. Channels 2, 4, 
5, 7. 9, 11 

U.H.F. Channels 19, 
25, 31 
Channel 25 reserved 
for education 

V.H.F. Channels 2, 4, 
5, 7, 9, 11. 13 
U.H.F. Channels 22, 
28, 34 
Channel 28 reserved 
for education 

Fort Collins, Col. U.H.F. Channel 44 
Bar Harbor, Me. U.H.F. Channel 22 
Caldwell, Idaho V.H.F. Channel 2 
Durham, N. H. V.H.F. Channel 11 

for educational purposes only 

Converting to U.H.F. 
Whether or not an existing receiver 

can be converted to receive both the 
u.h.f. and v.h.f. stations will depend 
entirely on the type of tuner present 
in the receiver. Basically, the only sat¬ 
isfactory tuners are the so-called “tur¬ 
ret-types” which have individually 
tuned strips that can be plugged in 
and out as necessary. Perhaps the most 
widely advertised receiver with this 
type of tuner is that of the Zenith Ra¬ 
dio Corporation. This does not mean 
that other manufacturers do not have 
provisions for converting to u.h.f. 
Many of them do. Zenith is used for 
illustration. In this receiver, conver¬ 
sion is made by partially removing the 
chassis from the cabinet, removing the 
tuner cover, loosening two screws 
holding an unused strip in place and 
inserting in place of that blank strip 
one which is tuned to the desired chan-
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nel frequency. The receiver is then 
put back in the cabinet and should be 
ready to operate. 

Other receivers which have provi¬ 
sions for the new u.h.f. channels are 
converted in much the same manner. 
Obviously, this can be done by almost 
anyone. It must be remembered, how¬ 
ever, that the tuner is a critical part 
of the receiver and is to be handled 
with care. If von have any doubt as to 
your ability to do the job, it is wisest 
to call a serviceman. 

Standard replacement tuner 

The situation is not hopeless for 
those whose receivers have tuners 
which cannot be converted to u.h.f. A 
replacement tuner can be installed by 
any capable serviceman. A typical— 
and excellent—tuner lor this purpose 
is manufactured by the Standard ('oil 
Products Company of Chicago. This 
tuner has been used by many manufac¬ 
turers as standard equipment and is 
available as a replacement for tuners 
already installed in receivers. It can 
be used in receivers having either the 
intercarrier-sound system or in those 

using the split-sound system where the 
sound and picture signals follow differ¬ 
ent intermediate-frequency amplifier 
paths. The “strips” which tune the in¬ 
dividual channels are held in place by 
spring clips. In a city where there was 
no Channel 9, for example, and the 
owner wished to receive Channel 38, 
he would remove the strips for Chan¬ 
nel 9 and insert those for Channel 38. 

Another alternativ e to tuner or strip 
replacement is to purchase a converter 
as a separate assembly. I bis device 
tunes in the desired stations and then 
feeds them to the regular input of the 
receiver. Conv erters are, at best, make¬ 
shift devices, so that all possibilities of 
avoiding them should be exploited. 

U.H.F. Antennas 
Trials held at an experimental u.h.f. 

station at Bridgeport, Conn., showed 
that in many cases the existing v.h.f. 
antenna was satisfactory for the recep¬ 
tion of the u.h.f. signal. In locations 
where the signal was weak, a separate 
antenna had to be erected, fust as the 
antennas for the v .h.f. channels assume 
main different shapes, sizes and kinds, 
so <an those which will be made for 
u.h.f. be expected to appear in many 
different forms. 
One thing is certain, that any u.h.f. 

antenna will have to be connected by 
one of two means—a mechanical switch 
which will necessitate two transmis¬ 
sion lines or an electronic filter which 
will enable both the antennas to feed 
their signal down the same transmis¬ 
sion line. The latter system will prob¬ 
ably be the one most widely used. The 
cost of the filter will not be much 
more—if at all—than the combined cost 
of the additional transmission line and 
the switch needed by the other way. 
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INTERCITY RELAYS 

WO TYPES of facilities for use 
in intercity television networks — the 
coaxial cable and the radio relay— 
have been developed by the Bell Sys¬ 
tem. 

In the chapter on antennas, coaxial 
cable was discussed as a means used in 
carrying the signal energy from the 
antenna to the receiver. Its value— 
apart from having fixed characteristic 
impedances for maximum energy 
transfer—is twofold. First, coaxial ca¬ 
ble has the faculty of transmitting a 
wide band of frequencies and second¬ 
ly, it is shielded so that the energy it 
carries does not spread out to cause 
interference but is contained within 
the cable. For these two reasons, the 
Bell System coaxial cables have been 
an excellent means of transmitting tel¬ 
evision-picture energy. I hey carry all 
the intelligence fed to them and they 
do not let it slip out to cause inter¬ 
ference or unnecessary loss of energy. 
A number of these cables can be en¬ 

closed in the same protective jacket and 
run underground in the same trench. 
In the Bell System cables, each coaxial 
is a copper tube about the diameter 
of a fountain pen. Through the cen¬ 
ter of each and held in place by spaced 
insulating disks runs a copper wire. It 
is this simple device which carries the 
television picture, or, because of its 
wide-band characteristic, as many as 
300 telephone conversations. 
As a rule, the standard coaxial cable 

has eight of these tubes along with a 

number of regular wire conductors. 
The whole is encased in polyethylene 
insulation which in turn is surround¬ 
ed by a lead sheath. The final cover 
is a substance chosen for the particu¬ 
lar terrain through which the cable is 
to pass—steel tape for rocky ground, 
waterproofing for under water and the 
like. Nitrogen gas is pumped into the 
cable under pressure. If the cable is 
punctured the gas escapes and per¬ 
forms a twofold purpose—it keeps out 
moisture and by reduced pressure sets 
off an alarm bell at the nearest control 
point. The coaxial cable was first put 
into service as a means of providing 
intercity television between New York 
and Washington in 1946. 

The Microwave Network 
The second facility used for inter¬ 

city television and the more spectacu¬ 
lar of the two is the microwave radio 
relay. T he term microwave is used be¬ 
cause of the high frequencies involved 
—3700 to 4200 megacycles. Applying 
our formula to this, we find that the 
wavelength at these frequencies is ap¬ 
proximately 3 inches! A far cry from 
the broadcast band at 550 to 1600 kc., 
where the wavelengths involved range 
from 540 to 200 meters. 
On Aug. 17, 1951, a new communi¬ 

cations highway linking east and west 
coasts was opened by the Bell System. 
Previous intercity microwave links 
had proved the efficiency of this means 
of transmitting both telephone conver-
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Cutaway view of typical concrete 
radio>relay tower. Stations are self-
sufficient in power, heat and light 

Air view of highest radio-relay sta¬ 
tion on the transcontinental net¬ 
work, near Mount Rose, Nev.—ele¬ 
vation 10,000 feet above sea level 

sations and television. High antennas 
were erected to send and receive the 
energy. Mic rowaves were used because 
they could be focused into a narrow 
beam and thus conserve energy and be 
aimed from point to point. Micro¬ 
waves are not susceptible to static in¬ 
terferences; they will not interfere 
with other frequencies currently in 
use. Because they can be sharply fo-
<used, the same frequency can be used 
to transmit in different directions 
from the same station. As they tend to 
become weakened by distanc e, and be¬ 
cause the curvature of the earth lim¬ 
its the effective line-of-sight distance 
that can be covered by the beam, relay 
points are set up whic h receive the sig¬ 
nal, amplify—or inc rease its strength— 
and send it on its wav again. 

After intensive survevs and field 
tests, 107 points were chosen for the 
erec tion of mic rowave antennas. Some 
ate located on the tallest buildings of 
various cities. Others are placed atop 
cone rete or steel towers. From the an¬ 
tenna on the terminal building in 
Yew York City to that on the terminal 
building in San Francisco, a distance 
ol 2992 miles is covered. 

I he stations along the route are 
spaced from 9 to 50 miles apart, the 
average spacing being 30 miles. They 
are not placed in a straight line. In¬ 
stead, a zigzag pattern is used. Thus, if 
by any chance the signal sent out by 
one station overshot the next in line 
it would have no chance to carry on 
to the next one and there cause unde¬ 
sirable interference. Also, at each sta¬ 
tion or relay point, the frequency used 
to convey the intelligence to that point 
is c hanged to a different one for trans¬ 
mission to the next relay where it is 
shifted back to the original for the 
next stage. This alternation of fre-
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quencies takes place all along the 
route and is to prevent the possible 
“feeding back” into the receivers of 
the relayed intelligence. 
The power necessary is exceedingly 

small. A little less than one watt suf¬ 
fices to send the energy from one point 
to the next. The very efficient anten¬ 
nas on the top of the stations bear a 
decided resemblance to huge search¬ 
lights, and can indeed be likened to 
them in that they magnify a small 
amount of power and aim it at a dis¬ 
tant point just as a searchlight lens 
magnifies and aims the light from a 
relatively small light bulb. 
The Bell System has released some 

interesting statistics about the micro¬ 
wave radio-relay highway. The lowest 
point on the route is at 32 Avenue of 
the Americas in New York City, 11.5 
feet above sea level; the highest is at 
Mount Rose, Nev., 10,075 feet above 
sea level. The tallest tower is at Des 
Moines, Iowa, 427 feet high; the low¬ 
est is 14 feet, on the west side of Salt 
Lake in Utah. The antennas were 
placed low at this point to avoid re¬ 
flections from the Salt Lake Flats. Each 
antenna weighs about one ton. The 
cost of the system was approximately 
$40,000,000. 

Each tower or relay station is com¬ 
plete in itself. The cutaway drawing 
of a typical concrete station shows 
the emergency-power equipment that 
can be used in case the regular source 
of power from the outside fails. This 
is located on the ground floor. On the 
second and third floors are the storage 
batteries and power supplies necessary 
to the operation of the amplifying 
equipment. Here are “manufactured” 
the proper voltages needed. The 
fourth floor at the top of the tower 
holds the amplifying equipment, 

A. T. & T. 
Most of the radio-relay stations are 
a tribute to modern utilitarian ar¬ 
chitecture. This one stands in lone¬ 
ly grace on the Iowa prairies 

Radio-relay station at Creston, Wyo., 
showing receiving and sending 
microwave antennas at two levels 
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CROSS-SECTION VIEW OF 
TYPICAL COAXIAL CABLE 
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transmitters, etc. Here, the incoming 
signals are received from the anten¬ 
nas, the frequencies changed, the sig¬ 
nal amplified and sent hath up to the 
transmitting antenna on the roof for 
transmission on the next stage ol the 
journey. 
The antennas themselves are mount¬ 

ed on the roof, with a receiving and 
transmitting antenna for each direc¬ 
tion. At terminal points, the tele¬ 
phone conversations for that point are 
filtered out and sent to the local ex-

are sufficient to make sure the appara¬ 
tus is functioning properly. Should 
any trouble occur, the system is 
equipped with an alarm system whic h 
notifies, in code, the nearest control 
station of the location of the trouble 
and its nature. 

Just as television is a monument to 
men and women of science, as well as 
to business enterprise, so is the micro¬ 
wave radio relay a monument to sci¬ 
ence and business. Their efforts have 
combined to make possible this fasci¬ 

changes for disti ibution. And at sta¬ 
tion-equipped cities, the television pic 
tures carried are “tapped" and sent to 
the television stations lor rebroadcast 
on the proper frecpiencies. 
The relay stations themselves are 

not manned except for those which 
happen to be placed at a regular tele¬ 
phone terminus. Regular inspections 

nating development. 

TRANSMITTING 
TOWER 

18^ 

MOUNT 
WILSON 

PASADENA 

FIC OCEAN BEVERLY HILLS HOLLYWOOD 
SANTA MONICA 

COS ANGELES 



Chapter Thirteen 

PAY AS YOU SEE 

H E ECONOMIC problems 
posed by television bave begun to 
loom larger and larger. It is no secret 
that the movie industry has been hit 
rather hard by an entertainment me¬ 
dium which keeps prospective theater 
patrons at home. The cost of a first-
class television program—particularly 
one sent over a network—has reached 
such proportions that many sponsors 
are seriously questioning the value of 
the resulting advertising. Promoters of 
sports events have, in many instances, 
refused to permit the events to be tele¬ 
vised for fear of the effect on the gate 
receipts. The ban is lifted only when 
a sponsor is willing to pay enough for 
the television rights to make up the 
anticipated loss besides an additional 
profit to the promoter. And this many 
sponsors refuse to do on the grounds 
that the returns in advertising value 
will be insufficient to offset the cost. 
Two methods are advocated as 

means of counteracting the cost prob¬ 
lems—subscribervision, or “pay-as-you-
see” systems for the set owner, and 
theater television to help the movie 
exhibitors. 

Phonevision 
The best known of the “pay-as-you-

see” systems is “Phonevision,” devel¬ 
oped by the Zenith Radio Corpora¬ 
tion. Ehe fundamental principle used 
is rather simple to understand. From 
the television station the picture is 
transmitted in an unintelligible form. 
In appearance the image looks as if it 

were composed of a number of ghosts, 
or as if something drastic had gone 
wrong in the horizontal-synchronizing 
circuits. This “jittering” effect is pro¬ 
duced at random by means of a device 
located at the transmitter. In order to 
stabilize the picture, the proper syn¬ 
chronizing pulse must be fed into the 
receiver. In the Zenith Phonevision 
system, this pulse and the sound are 
both received over a wire system. They 
are fed into an input circuit and pro¬ 
vide the key which stabilizes the pic¬ 
ture and furnishes the sound. The 
illustrations clearly show the before-
and-after results. 
During a 90-day period, Zenith, 

with the approval of the FCC, con¬ 
ducted a test of Phonevision in the 
Lakeview Exchange area of Chicago. 
Wires were leased for the purpose 
from the Illinois Bell Telephone Com¬ 
pany and an additional telephone was 
installed in each test subscriber’s 
home. Three hundred subscribers 
were selected for the test. As shown 
by the accompanying diagram, the 
basic signal was sent over the air from 
the Zenith experimental station, KS2-
XBS, and received directly by the TV 
sets. The key signal and sound were 
transmitted over leased wires through 
the telephone exchange to a control 
center manned by operators and spe¬ 
cial equipment. When the subscriber 
wished to view a particular program, 
he called the Zenith operator on his 
special phone and his circuit was 

154 



All About Television 155 

plugged into the program circuit. The 
key thus provided stabilized the pic¬ 
ture so that it could be viewed. 
The equipment needed by the sub¬ 

scriber is small and compact and plugs 
directly into the television receiver. 
Conceivably it can be duplicated or 
“pirated" by a home technician, but 
cannot be used unless led the proper 
impulses which could only be received 
from an authorized source. Inasmuch 
as the “jittering” effect is brought 
about by a random “noise source,” 
there is no possibility of constructing 
a device which will stabilize the pic¬ 
ture without receiving the correct key 
from the central exchange. 
The tentative results from the test 

conducted were economically signifi¬ 
cant. The programs used were entirely 
motion-pic ture feature films, some- old, 

some comparatively new. For test pur¬ 
poses, the charge for each was set at 
one dollar. The acceptance of the films 
by the test subscribers was excellent. 
On the basis of projet ting .300 sets to a 
potential 10,000,000 receivers, it is es¬ 
timated that an income would be re-
ceived adequate enough to more than 
pay for the most expensive feature 
films. This would overcome the cur¬ 
rent Hollywood objection to the dis¬ 
play of motion pictures which are still 
good enough to have a draw at the box 
office. Secondly, the Phonevision “pay 
as you see" would provide income to 
make possible still other types of pro¬ 
grams: opera, ballet, legitimate stage 
plays, major sporting events, charity 
events, complete educational courses, 
and the like. 
The advocates of subscribervision 

Chicago Phonevision Test Set-up 
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The "scrambled" Phonevision picture appears as at the left, while 
the decoded picture is sharp and brilliant, as shown at the right 

point out the rising costs of sponsored 
programs which could result in the 
eventual curtailment of good pro¬ 
grams because of their high cost. 1 hey 
point out that there is a significant 
drop in movie attendance in states 
served by television. 

Obviously, the pay-as-you-see system 
could afford to pay more for the rights 
to televise major sports events and the 
like than could an individual sponsor. 
It could, therefore, have a competitive 
effect on network television by offer¬ 
ing its affiliates more money for cer¬ 
tain broadcasting times than the spon¬ 
sors could afford. 

Some Uncertainties 

Although the Chicago test of Phone¬ 
vision proved fairly conclusively that 
the television audience viewed sub¬ 
scribervision favorably, certain other 
factors must be taken into considera¬ 
tion. The unscrambling signal must 
be transmitted to the receiver by some 
means. Whether or not the regular 

The Phonevision operator (not a 
part of the regular telephone sys¬ 
tem), receives calls from subscrib¬ 
ers and plugs in the key signals 
which will give customers the fea¬ 
ture motion pictures they requested 

Zenith 
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Principal parts of the Phonevision 
system. Above is the decoding unit 
which "unscrambles" the broadcast 
signal and corrects it for a perfect 
picture. Above, right, shows the 
socket installed on the receiver for 
plugging in the decoder. At the 
right is a television chassis with 
the decoder (at arrow) in position 

telephone lines can be used remains 
to be seen. Engineering problems such 
as arrangements lor switching, traffic 
loads, filtering equipment to prevent 
the signal being carried from interfer¬ 
ing with normal telephone conversa¬ 
tions and the like may prove too costly 
or too impractical. If the telephone 
lines are not used but wires are leased 
for the purpose, the cost factor of the 
plant equipment, plus the wires, main¬ 
tenance and other overhead charges, 
may be far too high. 
Although the Zenith system of sub¬ 

scribervision is the only one which has 
been given an actual test in the field, 
other systems have been proposed. 
These primarily involve the use of ad¬ 

ditional circuits which would “un¬ 
scramble” the illegible picture other¬ 
wise received. I he customer would 
pay lor the service either on a flat 
monthly fee, paying by means of a 
coin-box atta< hment or through some 
similar method. The major objection 
to some ol the methods proposed is 
that enterprising technicians could 
copy the circuits and build their own 
< ircuits for unscrambling. □ 
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COLOR TELEVISION 

__ HE COLOR controversy has un¬ 
settled the television industry for sev¬ 
eral years. Although the FCC ap¬ 
proved the CBS color system, other 
experiments have continued, so that 
it is logical to assume that the commis¬ 
sion may find it necessary to review its 
decisions in the light of recent devel¬ 
opments. For that reason, this book, 
will present only general color theory 
and a sketch of the various types of 
color-television systems. Any specific 
presentation would probably be obso¬ 
lete before the printer’s ink was dry. 

Basic Color Theory 

When electromagnetic radiation oc¬ 
curs at certain frequencies, the eye re¬ 
sponds to it and we call it “light.” The 
frequencies of light are extremely high 
and the wavelengths correspondingly 
short. In television and radio we work 
with wavelengths measured in meters 
and occasionally centimeters at the 
very high ranges. Color wavelengths 
are measured in angstrom units—one 
is the ten-millionth part of a millime¬ 
ter or a millimicron—the micron be¬ 
ing the millionth part of a meter and a 
millimicron being the thousandth part 
of a micron. The color of light de¬ 
pends upon its wavelength. The band 
of frequencies covered by visible light 
is called the “color spectrum.’’ It 
ranges from 380 millimicrons (purple 
or violet) to 700 millimicrons (red). In 
between these two are the other colors 
in the order shown. 

Infrared 
D Ari 

Invisible light 

Orange 
Yellow 
Green 
Blue 
Violet - —— 
Ultraviolet 

- Visible light 

Invisible light 

Combinations of these color fre¬ 
quencies result in the other colors as 
we know them. White light is com¬ 
posed of the whole spectrum. As the 
eye is apparently most sensitive to red, 
green and blue, these three colors are 
those chosen to transmit television pic¬ 
tures in color. Combinations of these 
three colors will produce the others 
desired. 

If an object is blue, it will reflect 
light at the blue wavelength. If the 
viewing object—eye or camera—is sen¬ 
sitive to blue, it will see blue. If it is 
not sensitive to blue, as is the case in 
a normal black-and-white camera or 
in some cases of color blindness in the 
human eye, the object will appear as 
a shade of gray. The amount of blue 
present in the object will determine 
the amount of blue light reflected and 
hence the “shade.” Black-and-white 
television is completely “color blind.” 
All colors are shown as shades of gray. 
The problem in color television, there¬ 
fore, is to have a system which is not 
color blind but is sensitive to colors 
as they are. 

Suppose we have three cameras, one 
seeing only red objects, one only green 
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and the third only blue. If these are 
television cameras which translate 
what they see into electrical energy in¬ 
stead of imposing the image on a film, 
then the green camera will only gen¬ 
erate energy tvhen it sees a green ob¬ 
ject or one in which green is present. 
The same will be true for the other 
two cameras and their respective col¬ 
ors. Now suppose we have three re¬ 
ceivers—one responsive to red, one to 
oreen and one to blue. I lie red will 
show a picture only when the red cam¬ 
era sees red, as that is the only time 
it will receive energy. The green and 
blue will operate in the same manner. 
Now, if we can combine the receiv¬ 

ers and combine the cameras into sin¬ 
gle units electronically, or provide 
some mechanical means whereby each 
color is presented in turn and received 
in synchronization, we will have a col¬ 
or picture. I bis sounds simple enough 
but it must be remembered that in 
television, time is a factor, and the 
electron beam scans only a minute por¬ 
tion of a scene at any given moment. 
We are not looking for an "average” 
of the colors but to show each one in 
detail. Thus, the problem becomes 
complex. 

Practical Problems 
Besides the normal technical ob¬ 

stacles which are in the way of color 
television, there are others which have 
been imposed by the Federal Com¬ 
munications Commission in its capac¬ 
ity as a regulatory body whose func¬ 
tion is to protect the public and see 
that the frequency spectrum available 
is used so that the greatest number 
will receive the most good. For these 
reasons, the FCC has set up certain 
rules concerning color television. It 
must be contained within the present 
6-megacycle channel allotted each tele¬ 
vision station so that present stations 
and receivers can switch over to color. 
Color telev ision must have good color 
fidelity; it would be of no advantage 
to have color if a red dress were to be 
shown as orange. If colors would over¬ 
lap, ligures would not be clear. The 
color must be bright enough and show 
enough contrast to be viewed under 
the same light conditions as black-and-
white television, both the transmitting 
and receiv ing equipment must be fair¬ 
ly simple: it would be useless to have a 
system whose receivers would be so 
costly no one could afford them or 
whose transmitters would be so ex¬ 
pensive no one could erect and op¬ 
erate them. It must be possible to 
transmit the color on existing coaxial 
cables between cities. 
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Let us review some of the factors 
about television transmission. We 
know that the black-and-white tele¬ 
vision picture is composed of 525 hor¬ 
izontal lines. The electron beam scans 
these lines in two groups—first the odd 
and then the even lines. When the 
beam has completely scanned all the 
odd lines, it has completed one “field.” 
It then retraces its steps and scans all 
the even lines, which completes anoth¬ 
er field. Thus, in scanning two fields, 
all the lines are covered and the result 
is called a “frame.” In black-and-white 
television, it takes the beam %o of a 
second to cover a field, %o of a sec¬ 
ond to do a complete frame. The 
frame frequency, therefore, is 30 com¬ 
plete pictures per second. 
As the human eye has a characteris¬ 

tic called retentivity of vision, so that 
an image will persist in the retina for 
approximately %o of a second, pic¬ 
tures shown at a faster rate than 20 per 
second will blend together, show no 
flicker and give the illusion of motion. 
We also know that the electron beam 
which moves across the lines measures 
the electrical energy on very minute 
sections of the line almost as if it were 
picking up the intelligence to be con¬ 
veyed by a whole series of dots. With 
these principles in mind, the basic 
color systems so far advanced can be 
discussed. In the explanations given, 
oversimplification will be risked to 
prevent misunderstanding. 

If a number of objects are photo¬ 
graphed one after the other, the re¬ 
sulting pictures in order are called a 
“sequence.” Because in color televi¬ 
sion the most accepted methods used 
at this time consist of a picture or por¬ 
tion thereof being taken first in one 
color, followed in order by the other 
two colors, the methods used are called 

“sequential.” The three systems most 
commonly discussed are termed field 
sequential, line sequential and dot se¬ 
quential. 

CBS Color 
The field-sequential method of col¬ 

or transmission is that which was pre¬ 
sented by the Columbia Broadcasting 
System and approved by the FCC in 
1951. Each field is scanned by one of 
the three colors—red, blue and green-
in turn until all lines have been cov¬ 
ered by each color. Because there are 
three colors, that means the odd lines 
are scanned three times and the even 
lines three times for a total of six fields 
before the sequem e starts again. The 
definite order followed is: 

First field 
Second field 
Third field 
Fourth field 
Filth field 
Sixth field 

odd lines — red 
even lines in blue 
odd lines —green 
even lines — red 
odd lines — blue 
even lines — green 

Now, remembering that persistence 
of vision requires a field to be pro¬ 
duced at a rate faster than 20 frames 
per second, it can be seen that the 
standards of black-and-white television 
in which two fields make up a com 
píete frame or picture at the rate of 
60 fields per second would be too slow. 
As six fields make up a complete color 
picture, the rate—or field frequency-
must be increased. The standard set is 
144 fields per second, which means 
that each field is shown 24 times pet-
second, or 24 times each second a 
complete color picture is shown. 

This scanning, color by color, is ob¬ 
tained by the use of a color disk which, 
as the illustration shows, is divided 
into six segments, two each of red, 
blue and green. The color segments 
are filters—that is, the red segment 
only passes light from red objects or 
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objects in which red is present, the 
blue passes only blue light and the 
green only green light. The disk is ro¬ 
tated at a speed which synchronizes it 
with the field frequency. Thus, the 
speed of the color disk is 1440 revolu¬ 
tions per minute or 21 revolutions per 
second. Each color is represented twice 
in a revolution, so that the desired col¬ 
or is in position when its particular 
field is being scanned. 

because of the limitations placed on 
channel width, restricting the color 
systems to 6 megacyc les as is the case 
in black-and-white television, it was 
necessary to reduce the number of 
lines to be scanned to 405 per frame. 
A frame, consisting as you will remem¬ 
ber of two fields, occurs 72 times per 

second in color as opposed to the 30-
per-second rate ol blac k-and-white tel¬ 
evision. In black-and-white telesision 
it was explained that to scan 525 lines 
at the rate of 30 times per second, the 
horizontal oscillator which swept the 
electron beam across the picture 
would have to operate at a frequency 
30 times 525, or 15,750 times per sec¬ 
ond. In color, we have 72 frames per 
second and 405 lines. Ehe scanning 
rate is, therefore, 72 times 405 or 29,-
160 times per second. 
Thus, it can be easily seen that in 

order to have a color picture at a tele¬ 
vision receiver, more is necessary than 
to merely place a six-segment disk in 
front of the tube and rotate it 1440 
times per minute. The horizontal-

All the subtle hues of nature are possible for color television. 
Here are Patty Painter and Ivan Sanderson in "The World Is Yours'* 
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oscillator frequency must be changed 
as well as the frequency of the vertical 
oscillator which controls the vertical 
sweep, or field rate. 

This lack of “compatibility” has 
been the major objection to the CBS 
system. Because of it pictures sent out 
in color cannot be received in black 
and white without a converter which 
changes the vertical and horizontal fre¬ 
quencies. And, in doing so, width and 
linearity must be corrected. I he sec¬ 
ond objection is the necessity for a 
scanning disk which in that form 
would be very large and unwieldy if 
a large picture was desired. However, 
CBS has perfected a rotating drum 
which goes around the tube and per¬ 
mits larger picture tubes to be used. 

Despite these major objections, the 
CBS system has its advantages. Con¬ 
verters can be reasonably manufac¬ 
tured to change the sweep frequencies 
and at the same time maintain proper 
width, height and linearity. The cost 
of the disks and motors to control their 
rotation is not too high. Basically, the 
system is not too complicated. The 
comparative simplicity and low cost 
of conversion for black-and-white sets 
to color, the excellence of its color 
fidelity and the fact that a tricolor 
tube—when developed fully—can be 
used in place of the disk or drum, have 
been major factors in the decision of 
the FCC to approve the CBS field-
sequential system as a standard. Many 
manufacturers have made provisions 
in their receivers for the plugging in 
of color converters and adapters. CBS 
itself has produced color-television re¬ 
ceivers under the trade name of Air 
King. 

CT1 Color 

The line- sequential system of color 
scanning is one in which the color is 

This color-TV camera weighs only 
29 pounds, compared to the 100 
pounds of the average black-and-
white camera, and takes up less than 
half a cubic foot of space, compared 
to the 3 cubic feet for monochrome 

Large-picture color receiver made 
possible by use of color drum. The 
perfection of a tricolor tube is ex¬ 
pected to make possible direct-view 
pictures without limits as to size 
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The Air King — first dual-color 
television receiver manufactured 
after the FCC approved the CBS 
color-television system. The Air 
King receives black-and-white pic¬ 
tures as well as color broadcasts 

( hanged for cadi scanning line. In our 
interlace-scanning system the first field 
would be scanned thusly: line 1 in red, 
line 3 in green, line 5 in blue, line 7 in 
red and so on through the odd lines. 
The same procedure would be fol¬ 
lowed with the even lines of the sec¬ 
ond field—the colors would be alter¬ 
nated. Again, six fields would be 
needed so that each line would be 
scanned in each color. 

Color Television, Incorporated, has 
proposed a line-sequential system 
which operates, basically, in the fol¬ 
lowing manner. The light entering 
i he camera is divided into three iden¬ 
tical images by means of a lens system. 
I hese images are focused on the face 

of the camera tube through three col¬ 
or filters—the conventional red, blue 
and green. Thus, when the electron 
beam scans the face of the camera 
tube, it "takes” identical images in col¬ 
or order. As the CTI system uses the 
standard 525-line, 60-field method, it 
follows that each time it scans the 
three images, three lines in the usual 
sense of the word are produced. Thus, 
the frequency with which the elec¬ 
tron beam moves completely from side 
to side of the tube face is reduced to 
one third of 525 or 175. This reduces 
the horizontal frequency to 15,750 di¬ 
vided by 3, or 5250. 

If the conventional interlace system 
of scanning were to be used, each line 
would be scanned in the same color. 
To overcome this difficulty, the six 
fields required to give complete color 
are scanned in the following manner: 
in the first three fields, odd lines only 
are scanned; in the second three fields, 
the even lines are scanned. A slot for 
color identification is introduced elec¬ 
tronically. At the end of each field, the 
slot is displaced and remains in that 
position for the next field. The se¬ 
quence would then be: 

First field odd lines- green, blue, 
red 

Second field odd lines red, green, 
blue 

Third field odd lines blue, red, 
green 

Fourth field even lines green, blue, 
red 

Fifth field even lines blue, re d, 
green 

Sixth field even lines red, green, 
blue 

In this manner, the picture is 
scanned completely with all colors. At 
the receiver end, a similar method is 
used with the filters and lenses in re-
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verse to synthesize the three images 
produced into one on the face of the 
picture tube. 

Unfortunately, the CTI system pro¬ 
duces only 10 complete color pictures 
per second. The lines tend to “crawl” 
and there is flicker. The color changes 
so rapidly that a low-cost mechanical 
system for color interruption cannot 
be used as is the case in the CBS sys¬ 
tem. However, it is completely elec¬ 
tronic and is compatible so that pic¬ 
tures transmitted in color can be 
received on ordinary black-and-white 
receivers as monochrome pictures. 

RCA Color 
The dot-sequential system as pro¬ 

posed by RCA is the third major meth¬ 
od of color television. At the same 
time it is the most complicated of all 
to explain. For the sake of clarity, the 
discussion is again oversimplified. 

Basically, the RCA system uses three 
camera tubes—one for each color. The 
output of each is “sampled” at a very 
rapid rate—the frequency being 3,580,-
000 times per second. In other words, 
the electrical energy supplied by each 
color is fed to the transmitter once 
every .263 microsecond. In one second, 
10,740,000 dots of color are transmit¬ 
ted. Quite a number of color shifts 
have to be made which require very 
careful engineering designing to main¬ 
tain proper relationships throughout 
so that red is shown when it should be 
and not green. 

In the RCA system, the regular 
standard 525-line 60-field-per-second 
frequency is maintained, which allows 
complete compatibility with the pres¬ 
ent black and white systems. In the 
transmitter, each camera face is tra¬ 
versed by an electron beam operating 
at those frequencies. The output from 
each is fed to the sampler circuit, 

which takes the intelligence conveyed 
by each in its turn at the 3.58 mega¬ 
cycle rate. I his is fed to the transmit¬ 
ter. 
At the receiver end, several methods 

may be used for reproduction of the 
color picture. The Trinescope system 
is simply one in which a different pic¬ 
ture tube is used for each color, each 
furnished with the proper filter. The 
three pictures obtained are focused by 
means of a lens on the viewing surface. 
In the dichroic-mirror system, three 
picture tubes are used and their out¬ 
put focused by means of dichroic mir¬ 
rors. A dichroic mirror is one which 
reflects one color and passes all others. 
By proper adjustment of two dichroic 
mirrors, the color pictures can be su¬ 
perimposed on one another to produce 
a completely colored result. 
Of more importance than either of 

these, however, are the two tricolor 
tubes which have been introduced by 
RCA, one with a single electron gun, 
the other with three such guns (or 
beam-producing agents). In these, the 
viewing face is covered with 351,000 
dots, arranged in groups of threes, 
each group consisting of one red, one 
green and one blue dot. Between the 
face covered with its dots and the elec¬ 
tron guns is a mask which is perforated 
with 117,000 holes, one for each dot 
of color. 

In the three-gun tube, each gun is 
aimed through the holes in such a way 
that it can only hit the dots for one 
particular color. No matter where it 
is pointing, the red gun can only hit 
the red dots as it scans across the tube 
face. The same is true of the green gun 
and green dots, the blue gun and blue 
dots. As the beams from the guns exist 
in accordance with the signal from the 
transmitter which is providing the syn-
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chronizing pulses, a green sample tak¬ 
en by the camera will convey intelli¬ 
gence to the green electron gun in the 
receiver tube and light up a green dot. 
The dots themselves are so small that 
when viewed from a normal distance 
they merge to give color reproduction 
effectively. 

I he single-gun tube produces only 
a single electron beam. This beam is 
rotated by a separate deflection yoke 
in a small circle. The frequency of ro¬ 
tation is maintained at 3.85 megacy¬ 
cles and kept in phase with the color 
cameras. 
The RCA dot-sequential system is 

advantageous in that it gives complete 
compatibility, excellent resolution and 
very good flicker control. However, it 
has not been fully developed and the 
ability to convert black-and-white sets 
to this color system is extremely doubt¬ 
ful, at least without high cost. It 

should be mentioned at this point, 
that the tricolor tubes developed by 
RCA are readily usable, it is thought, 
in a field-sequential system similar to 
that developed by CBS. Here is an 
opportunity for research. 

It is unfortunate that more specific 
presentations cannot be made at this 
time of the color television problem. 
This book is not concerned with the 
merits or the disadvantages of each 
system. The CBS system has been pre¬ 
sented in more detail than others be¬ 
cause it is the standard which has been 
accepted by the FCC and is definitely, 
at the present time, the only system 
which permits a low-cost conversion 
of black-and-white receivers to color. 
Furthermore, the CBS system still 
gives the best color fidelity. What the 
future holds is entirely dependent on 
too many uncertain factors to be fore¬ 
cast at this time. 
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Adjacent channels, 145 
Air-borne transmitter, 146-147 
Amateur-radio interference, 105-106 
Amplifier, 22-24 
Amplitude modulation, 69-70 
Angle of view, 32 
Antenna-

accessories, 63 
attic, 61 
booster, 52-53 
brackets, 54-55 
built in, 61 
buying hints, 48-53 
erection, 41-63 
guy wires, 54-55 
half wave, 44 
indoor, 61 
lightning protection, 60-61 
location, 55-57 
mast, 54 
master system, 61-62 
pattern, 45-47, 52 
quarter wave, 44 
rotor, 53-54 
theory, 14-15 
tower, 59-60 
turnbuckle, 54-55 
u.h.f., 148 

Apartment antenna, 61-62 
Appliance interference, 107 
Arcing, 81, 107 
Attic antenna, 61 
Audio-amplifier stages, 74-75 
Audio engineer, 131 
Auto-ignition interference, 106 

B 
Bad proportion, 91 
Bars on picture, 88, 90 
Batwing antenna, 128 
Beam, 13-21 
Bell System relay, 149-153 
Black area on picture, 103 
“Bleeding” high voltage, 81-85 
Booster, 52-53 

Brackets, 54-55 
Brightness, 34, 78, 99-100 
Broadcast band, 11 
Built-in antenna, 61 
Buying hints, 22-31 
Buzzing in receiver, 107 

c 
Camera, 6-8, 124-126, 136-137 
Cathode, 16-17, 20 
CBS color, 161-163 
Centering, 80 
Channel-

assignments, 147 
replacement, 148 
selector, 78 
separation, 145-147 
strips, 74 

Charges for repairs, 107-108 
Chassis, 65-68 
Chimney mount, 54 
Circuit layout, 64, 68-69 
Coaxial cable, 149, 152 
Cochannels, 145 
Coil tuner, 71 
Color TV, 158-166 
Continuous-type tuner, 23 
Contrast control, 19, 34, 78-79, 100 
Controls, 77-80 
Conversion to u.h.f., 145-148 
Converting picture tube, 114-116 
Cost— 

of repairs, 107-108 
of TV programs, 142-144 

Crackling in receiver, 107 
CTI color, 163-165 
Curvature of earth, 13-14 
Cut-off picture, 99 

D 
Damping tube, 89 
Danger points, 80-85 
Dark picture, 102 
Dealers, 26-27 
Decibel, 49 
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Deflection yoke, 18, 89 
Detail poor, 101 
Detectors, 24 
Diathermy interference, 106 
Dichroic mirror, 165 
Difference frequency, 71-72 
Dipole antenna, 44-45 
Director, 46-47, 131-132 
Discharging voltage, 81-85 
Discriminator circuit, 75 
Disposal of old picture tube, 112 
Distorted sound, 97-98 
Dot-sequential system, 165-166 
Double image, 92 
Dual-color receiver, 104 

E 
Echoes (ghosts), 35-36, 42-43, 102 
Educational TV, 115-147 
Electrical-

hazards, 80-85 
interference, 107 

Electromagnetic tube, 15-16 
Electron beam, 13-21, 70, 124 
Electrostatic tube, 21 

F 
Fading picture, 103 
Field-sequential color, 161-163 
Film background, 141 
Filters, 112-113 
Fine-tuning control, 78 
First anode, 17 
Flexibility channels, 146-147 
Floor manager, 134 
Fluorescent screen, 77 
Flyback transformer, 77-78 
FM interference, 105-106 
Focus-

coil, 17, 39-40, 112 
control, 40, 79 

Folded dipole, 45, 50 
Foldover, 88-89 
Frequency, 10-13 
Frequency-modulated wave, 69 
Fringe area, 51 

G 
Gain, 49 
Generator circuit, 88 
Ghosts, 35-36, 42-43, 102 

Gray picture, 99-100 
Grid, 16-17, 20 
Grounding-

antenna, 60-61 
receiver, 81-85 

Ground wave, 41-42 
Guy wires, 54-55 

Half-wave antenna, 44 
Hazards, 80-85 
Height control, 40, 79 
Herringbone lines on screen, 105-107 
High-frequency waves, 10-11 
High-voltage-

circuit, 77 
leads, 39, 81 
tubes, 66 

Hi-Lo antenna, 50 
History of TV, 5-6 
Home repairs, 64-113 
Horizontal-

centering, 40, 80 
deflection, 18-19 
drive, 40, 79-80 
hold, 19, 34, 79, 88 
linearity, 79 
sweep, 24, 76-77, 88-89 
synchronization, 88 

FI urn, 98 

I 
Iconoscope, 124, 128, 140 
Ignition interference, 106 
Image orthicon, 124, 128 
Impedance, 45 
Indoor antenna, 61 
In-line antenna, 50 
Installing receiver, 32-40 
Intercarrier sound, 26, 70, 77-78 
Intercity relay, 149-153 
Interference, 36-37, 105-107 
Intermediate-frequency— 

action, 22, 71-72 
sound amplifier, 26 
stages, 24 

Interrupted picture or sound, 104 
Ionosphere, 41-42 
Ion— 

spots, 19, 104 
trap, 19-20, 40, 111 
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J'K 
lumping picture, 92 
Kilocycle, 11 
Kinescope, 123 

L 
Lazy-X antenna, 51 
Lead-in, 33, 45, 57-59 
Lenses, 113 
Lighting, 128 
Lightning protection, 60-61 
Light on picture, 32 
Linearity— 

horizontal, 79 
vertical, 40, 79 

Line-sequential color, 163-165 
Lines on picture, 88, 89-90, 91, 102, 103 
Loudspeaker, 26, 75 
Low-frequency oscillator, 74 
Low-voltage rectifier, 94 

M 
Manufacturers, 26-27 
Mast, 54 
Master-
antenna system 61-62 
control room, 126-127 

Mechanical controls, 80 
Megacycle, 11, 43-44 
Meter, 12-13, 43 
Microwave network, 149-153 
Miniature tubes, 66 
Misadjustment patterns, 36-37 
Mixer, 70-72 
Mobile unit, 136 
Monitors, 126 
Mosaic, 8 
Movies on TV, 138-142 
Multiple antenna, 61-62 

N 
Narrow picture, 89 
Negative picture, 102 
Network time charges, 144 
Noisy— 

receiver, 104-105 
volume control, 104 

No picture, 93-96 
No sound, 94-95, 96-97 

o 
Off-center picture, 98 
Oscillator, 70-74 
Out-of-focus picture, 99 
Overlapping picture, 88-89,92 
Oversized picture, 91, 101 

P 
Pan shots, 135 
Parasitic element, 46 
Parts-

replacement, 87 
warranty, 28-29 

Patterns— 
lor antennas, 45-47, 52 
of misadjustment. 36-37 

Perforated cover, 64 
Perspective illusion. 138 
Phonevision, 154-157 
Pi< ture-

barred, 88, 103 
blacked out, 103 
contrast poor, 100 
cut off, 99 
detail poor, 101 
edge scalloped. 90 
edge wrinkled, 89 
fades in and out, 103 
failure, 93-95 
ghosts, 103 
image doubles, 92 
interference, 105-107 
intermittent, 101 
jumps vertically, 92 
lined, 91, 102 
narrow, 89 
negative, 102 
not bright, 99-100, 102 
off center, 98 
out of focus, 99 
out of proportion, 91 
overlap, 88-89, 92 
oversize, 91, 101 
rolls vertically, 90-91 
shading uneven, 101 
shadowed, 99 
smeared. 98 
snowy, 101 
split vertically, 90, 92 
spotted, 104 
tilted, 99 
undersize, 91 
weak, 100 
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Picture-carrier frequency, 71 
Picture screen, 19 
Picture-tube— 

controls, 38-10 
conversion, 111-116 
operation, 15-21, 77 
replacement, 109113 

Placement of set, 32-33 
Power-

circuits, 77 
cord, 33, 39 
deck, 65-66 

Primary controls, 34, 78-79 
Proportion trouble, 91 
Producer, 129-130 
Program procedure, 129-138 
Projection television, 117-123 

Q-R 
Quarter-wave antenna, 44 
Radio relay, 119-153 
Rates on TV, 112-144 
Ratio-detector circuit, 75, 78 
RCA color, 165-166 
Reflected images, 42-43 
Reflective projection, 120-121 
Reflector, 45-46 
Refractive projection, 121-122 
Remote-control TV, 135-137 
Removing chassis, 66-68 
Repair charges, 107-108 
Repairs to set, 64-113 
Replacement-

circuit tubes, 87 
parts, 87 
picture tube, 109-113 
tuner, 148 

R.I.-
amplifier, 70 
generator, 71 

Rolling picture, 90-91 
Rotor, antenna, 53-54 

s 
Scanning beam, 8-9, 18-19, 70, 160 
Script, 131 
Second anode, 17-18, 77, 81 
Secondarv controls, 35, 38-40, 79-80 
Service-

charges, 107-108 
contract. 28-29 

Set designer, 130 

Shading uneven, 101 
Shadow on picture, 99 
Shielding tuner, 23 
Shorting tool, 81 
Shorts in receiver, 87 
Sine wave, 10, 69 
Skiatron projection, 122 
Sky wave, 41-42 
SIo-Blow fuse, 94 
Smeared picture, 98 
Snowy picture, 101 
Sound circuits, 26 
Sound failure, 91-95, 96-98 
Speaker, 26, 75 
Special effects, 132-138 
Special-purpose channels, 1 15-147 
Split picture, 90, 92 
Sports announcer, 136 
Spots on picture, 101 
Stage department, 138 
Station selector, 78 
Stratovision, 146-147 
Studio-

control room, 126 
lighting, 128 

Superheterodyne, 71 
Superimposure, 133 
Sweep circuits, 24, 40 ,70, 76-77 
Switch-type tuner. 23, 74 
Synchronization, 19 
Synchronizing impulses, 70 

Telecasting, 124-144 
Television-

lamp, 32-33 
show production, 129-138 
techniques, 132-138 
time charges, 112-144 

Test-
equipment, 87 
pattern, 25-26, 34-37 

Theater television, 123 
Three-element antenna, 47, 49 
Tilted picture, 39, 99 
Tools, repair, 86-87 
Tower, antenna, 59-60 
Transformer, 94 
Transmitter, 127 
Transmitting antenna, 127-128 
Tricolor tube, 165-166 



All About Television 171 

Trinescope, 165 
Tubes, 66, 80, 87 
Tuner, 22-23, 71-74, 147-148 
Turnbuckles, 51-55 
Turret lens, 125 
Turret-type tuner, 73-74, 147-148 

Video-
amplifier, 24, 75-76 
detector, 77-78 

View finder, 137 
Viewing angle, 32 
Volume control, 78, 104 

w 
Ultra-high frequency, 10-11, 115-148 
Undersized picture, 91 
Uneven shading, 101 

Vacuum tube, 70-71 
Vertical-

centering, 39-40, 80 
hold, 19, 79 
linearity, 40, 79 
lines on picture, 89 
overlap, 92 
roll, 90-91 
sweep, 24, 34, 76-77 

Very high frequency, 10-11 

Warranty, 28-29 
Wavelength, 11-13 
Weak-

picture, 100 
sound, 98 

White lines on picture, 102 
Width control, 40, 79 
Wrinkled edge on picture, 89 
Writer, 129-130 

X-Y-Z 
X-type antenna, 51 
Yagi antenna, 47, 51 
Zworykin, V.K., 124 












